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Executive Summary

The Department of Energy’s (DOE) Savannah River Site (SRS) high-level waste (HLW)
program is responsible for storage, treatment, and immobilization of HLW for disposal. The Salt
Processing Project (SPP) is the salt (soluble) waste treatment portion of the SRS HLW effort.
The overall SPP encompasses the selection, design, construction and operation of treatment
technologies to prepare the salt waste feed material for the site’s Saltstone Production Facility
(SPF) and vitrification facility (Defense Waste Processing Facility [DWPF]). Major constituents
that must be removed from the salt waste and sent as feed to DWPF include actinides, strontium,
and cesum.

SRS successfully demonstrated the In-Tank Precipitation (ITP) process for salt waste treatment
both on a moderate and full-scale basis with SRS salt waste in the 1980s. The I TP process
separates the cesium isotopes from the non-radioactive salts by tetraphenylborate precipitation.
By 1995, the site's contractor, Westinghouse Savannah River Company (WSRC), completed
design and construction activities for the ITP facility. During radioactive startup of ITPin 1995,
benzene was released at higher than predicted rates. WSRC initiated additional |aboratory and
facility tests to determine the cause of the escalated benzene generation and to return the facility
to a safer status by removing the benzene contained within the facility. In August 1996, the
Defense Nuclear Facility Safety Board (DNFSB) issued Recommendation 96-1. The DNFSB
recommended that operations and testing in the ITP Facility not proceed without an improved
understanding of the mechanisms of benzene generation, retention, and release.

WSRC studied the chemical, physical, and mechanical properties of the I TP process to
investigate and explain benzene generation, retention, and release. Conclusions from the WSRC
test program showed that the benzene release rates associated with ITP facility operation could
exceed the capability of the current plant hardware and systems. On February 20, 1998,
DOE-Savannah River (SR) concurred with the WSRC evaluation of the ITP chemistry data and
directed WSRC to perform an evaluation of alternatives to the current system configuration for
HLW salt removal, treatment, and disposal.

An extensive systems engineering evaluation of over 140 aternative cesium removal processes
reduced the list of candidates to four alternatives: Crystalline Silicotitanate Non-Elutable lon
Exchange, Caustic Side Solvent Extraction, Small Tank Tetraphenylborate Precipitation, and
Direct Grouting (with no cesium removal). Further review eliminated Direct Grouting as an
option, and the remaining three alternative processes are currently being pursued in an extensive
research and development program.

In 1999, DOE-Headquarters asked the National Academy of Sciences (NAS) to independently
review the Department’ s evaluation of technologiesto replace ITP. Asaresult of the NAS
review, DOE agreed that further research and development on each alternative was required to
reduce technical uncertainty prior to a down-selection. In March 2000, DOE-Headquarters
requested the Tanks Focus Area (TFA) to assume management responsibility for the SPP
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technology development program at SRS. The TFA was requested to review and revise the
technology development roadmaps, as necessary, develop down-selection criteria, and prepare a
comprehensive Research and Development Program Plan for the three candidate cesium removal
technologies, as well as the alpha and strontium removal technologies that are part of the overall
SPP.

This Research and Devel opment Program Plan describes the technology devel opment needs,
continued effort for each process that must be satisfied to reach a down-selection decision, as
well as continuing technology development required to support conceptual design activities for
the SPP. Previous results are summarized, and planned Fiscal Year (FY) 2001 work is described
and presented.

The SPP Research and Development Program is funded jointly by the DOE Offices of Science
and Technology (EM-50) and Project Completion (EM-40). Participants in the program include
WSRC's Savannah River Technology Center, Oak Ridge National Laboratory, Argonne National
Laboratory, Sandia National Laboratories, Pacific Northwest National Laboratory, and various
universities and commercia vendors. Combined program funding for FY 00 was $13.1 million
and total planned funding for FYOL is $13.4 million.

A detailed integrated schedule of all research and development tasks has been prepared and is
being used by all program participants to manage and to report status on their activities. The
program is focused on resolving high-risk areas for each alternative cesium-removal process by
mid-FY 01 to support a DOE down-selection decision by June 2000.
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1.0 Introduction

The Department of Energy’s (DOE) Savannah River Site (SRS) high-level waste (HLW)
program is responsible for storage, treatment, and immobilization of HLW for disposal.
The Salt Processing Project (SPP) is the salt (soluble) waste treatment portion of the SRS
HLW cleanup effort. The overall SPP encompasses the selection, design, construction
and operation of treatment technologies to prepare the salt waste feed material for
treatment at the site’s Saltstone Production Facility (SPF) and vitrification facility
(Defense Waste Processing Facility [DWPF]). Mg or radionuclides that must be removed
from the salt waste and sent as feed to DWPF include actinides, strontium (Sr), and
cesum (Cs).

In March 2000, DOE-Headquarters (HQ) requested the Tanks Focus Area (TFA) to
assume management responsibility for the SPP technology development program at SRS.
The TFA was requested to conduct severa activities, including review and revision of the
technology devel opment roadmaps, development of down-selection criteria, and
preparation of a comprehensive research and development (R& D) Program Plan for three
candidate Cs removal technologies, as well as the alpha and Sr removal technol ogies that
are part of the overall SPP. The three Csremova candidate technologies are Crystalline
Silicotitanate (CST) Non-Elutable lon Exchange, Caustic Side Solvent Extraction
(CSSX), and Small Tank Tetraphenylborate Precipitation (STTP).

This plan describes the technology devel opment needs for each process that must be
satisfied to reach a down-selection decision, as well as a subset of continuing technology
development to support conceptual design activities. Previous results are summarized,
recent FY 00 results are described, and plans for FY 01 work are provided in Section 7.0.
Funding requirements and project schedules for the R& D workscope are presented in
Section 8.0. TFA’sroadmap reviews and other identified initiatives outside the original
baseline are incorporated in the roadmaps and logic diagrams shown in Appendix A of
this plan.
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2.0 Background

The SRS Site Treatment Plan (STP) and Federal Facilities Agreement (FFA) call for
emptying the site¢'s HLW tanks and closing the “old style” tanks. All waste tanks must be
empty of existing waste by 2028 to comply with the STP and FFA. To complete this
mission, the HLW system at SRS must retrieve the tank waste and convert the HLW into
solid waste forms suitable for disposal. Both the long-lived and short-lived radioisotopes
in the waste will be incorporated into borosilicate glass (vitrified) in the DWPF as a
precursor to transporting the material for disposal to the national HLW repository. To
make this program economically feasible, the SRS implementing technology must limit
the volume of HLW glass produced by removing a significant portion of the non-
radioactive salts as incidental wastes for subsequent on-site LLW disposal.

To achieve this mission, the SRS contractor, E.I. duPont De Nemours and Company
successfully demonstrated the In-Tank Precipitation (ITP) process both on a moderate
and full-scale basis with actual SRS waste in the 1980s. The ITP process separates the
Cs isotopes from the non-radioactive salts to enable processing the decontaminated salt
solution (DSS) in the existing SPF to produce a grouted low-level waste (LLW) form for
disposal in the existing Saltstone Facility. By 1995, Westinghouse Savannah River
Company (WSRC) completed design and construction activities for the I TP production
fecility.

During radioactive startup of ITP in 1995, higher than predicted benzene releases
occurred. WSRC initiated laboratory and facility tests to determine the cause of the
escalated benzene generation and to return the facility to a safer status by removing the
benzene contained within the facility.

In August 1996, the Defense Nuclear Facility Safety Board (DNFSB) issued
Recommendation 96-1. The DNFSB recommended that operations and testing in the ITP
Facility not proceed without an improved understanding of the mechanisms of benzene
generation, retention, and release. In response to DNFSB Recommendation 96-1, WSRC
studied the chemical, physical, and mechanical properties of the ITP process to
investigate and explain benzene generation, retention, and release. This research lasted
from August 1996 through March 1998.

In January 1998, conclusions from the test program showed that benzene release rates
associated with I TP facility operation could exceed the capability of the current ITP
hardware and systems to assure safe operations at the production rate needed to support
the STP and FAA. On January 22, 1998, WSRC informed the DOE that the chemistry
testing demonstrated that the existing system configuration could not cost-effectively
meet the safety and production requirements for the ITP facility. WSRC recommended
that a Systems Engineering Team conduct a study of alternatives to the current system
configuration.
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On February 6, 1998, the DOE Assistant Secretary for Environmental Management (EM)
approved a DOE-Savannah River (DOE-SR) plan-of-action to suspend startup-related
activities and undertake a systems engineering study of aternativesto ITP. On

February 20, 1998, DOE- SR concurred with the WSRC evaluation of the ITP chemistry
data, instructed WSRC to suspend I TP startup preparations, and directed WSRC to
perform an evaluation of aternatives to the current system configuration for HLW salt
removal, treatment, and disposal.

On March 13, 1998, the WSRC HLW Management Division chartered the Systems
Engineering Team (Team) to systematically develop and recommend an alternative
method and/or technology for disposition of HLW salt waste. DOE approved the WSRC-
selected Team on March 31, 1998. Team members provided expertise in systems
engineering, process engineering, operations, waste processing, science, safety and
regulatory engineering, chemistry, and chemical processes. Team members also
provided viewpoints from other DOE Complex facilities with large radioactive waste
disposal programs, international radioactive waste disposal programs, and industry.
Resources dedicated to and managed by the Team included the WSRC engineering
personnel and an administrative support staff. R&D support and management came from
the Savannah River Technology Center (SRTC). Additional R&D support came from the
DOE national laboratories — including Oak Ridge and Argonne National Laboratories —
and several universities.

The system engineering studies evaluated over 140 aternatives processes and reduced the
list of alternativesto four candidates: CST, CSSX, STTP, and Direct Grouting (with no
Csremoval). Further review eliminated Direct Grouting as an option and R&D efforts
have focused on the CST, CSSX and STTP.

On April 13, 1998, the DOE-HQ chartered an additional group, the Independent Panel for
Evaluation, to assess the progress and direction of the systems engineering effort. The
Systems Engineering Team integrated feedback from the Independent Panel for
Evaluation into the definition of research activities.

In 1999, DOE-HQ asked the National Academy of Sciences (NAS) to independently
review the evaluation of technologiesto replace ITP. NASissued aletter report in
October 1999 and their final report was issued in August 2000. As aresult of the interim
NAS review, the DOE Under Secretary and the Assistant Secretary for EM jointly agreed
that further research and development on each aternative was required to reduce
technical uncertainty prior to a down-selection decision. Accordingly, DOE postponed
plans to issue a draft Request for Proposal to the private sector seeking input on design
and construction of the needed treatment facilities. DOE-SR also delayed the issuance of
the Draft Supplemental Environmental Impact Statement (SEIS) on SRS HLW treatment
alternatives pending further development of salt processing technology alternatives.
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In March 2000, DOE-HQ requested the TFA to assume management responsibility for
the SPP technology development program at SRS. The TFA was requested to review and
revise the SPP technology development roadmaps, develop down-selection criteria, and
prepare a comprehensive R& D Program Plan for the three candidate Cs-removal
technologies, as well as the alpha- and Sr-removal processes that are a part of the overall
SPP.
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3.0 High-Level Waste System Overview

Any new salt processing system will be required to interface with existing facilities. The
ease or difficulty of successful implementation of an alternative technology is governed
by how wdll it will integrate into the existing HLW System.

The SRSHLW System is a set of seven different interconnected processes operated by
the HLW and Solid Waste Divisions. These processes function as one large treatment
plant that receives, stores, and treats HLW at SRS and converts these wastes into forms
suitable for final disposal.

These processes currently include:
HLW Storage and Evaporation (F and H Area Tank Farms)
Salt Processing (ITP and Late Wash Facilities)
Sludge Processing (Extended Sludge Processing [ESP] Facility)
Vitrification (DWPF)
Wastewater Treatment (Effluent Treatment Facility[ETF])

Solidification and Disposal (Saltstone Production Facility [SPF] and Saltstone
Disposal Facility [SDF])

Organic Destruction (Consolidated Incineration Facility [CIF])

The F and H Area Tank Farms, ESP Facility, DWPF, ETF, SPF, and SDF are dll
operational. The ITP facility operations are limited to safe storage and transfer of
materials. The Late Wash Facility has been tested and is in an uncontaminated dry lay-up
status. CIF is not operating at the present.

The mission of the SRSHLW System is to receive and store HLW in a safe and
environmentally sound manner and to convert these wastes into forms suitable for final
disposal. The planned disposal forms are:

borosilicate glass to be sent to afedera repository
saltstone to be disposed on site
treated wastewater to be released to the environment.

Also, the storage tanks and facilities used to process the HLW must be left in a state such
that they can be closed and decommissioned in a cost-effective manner and in accordance
with appropriate regulations and regulatory agreements.
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All HLW in storage at SRS is regulated as Land Disposal Restriction waste, which
prohibits it from permanent storage. Because the planned processing of this waste will
require considerable time and continued storage of the waste, DOE has entered into a
compliance agreement with the Environmental Protection Agency (EPA) and South
Carolina Department of Health and Environmental Control (SCDHEC). This compliance
agreement is implemented through the STP, which requires processing of all the HLW at
SRS according to a schedule negotiated between the parties.

Figure 3.1 High-Level Waste Major Interfaces
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Figure 3.1 schematically illustrates the routine flow of wastes through the SRS HLW
System. The various internal and external processes are shown in rectangles. The
numbered streams identified in italics are the interface streams between the various
processes. The discussion below describes the SRS HLW System configuration, as it

will exist in the future with the proposed Salt Waste Processing Facility.

3.2




Tanks Focus Area PNNL-13253
SRS St Processing Project R& D Program Plan Revision 1

Incoming HLW is received into HLW Storage and Evaporation facilities (F and H Area
Tank Farms) (Stream 1). The function of HLW Storage and Evaporation is to safely
concentrate and store these wastes until downstream processes are available for further
processing. The decontaminated liquid from the evaporators is sent to ETF (Stream 13).

The insoluble sludges that settle to the bottom of waste receipt tanks in HLW Storage and
Evaporation are surried and sent to ESP (Stream 2). In ESP, sludges high in aluminum
(Al) are processed to remove someof the insoluble Al compounds. All sludges,
including those processed to remove Al, are washed with water to reduce their soluble
sat content. The spent washwater from this process is sent back to HLW Storage and
Evaporation (Stream 3). The washed dudge is sent to DWPF for feed pretreatment and
vitrification (Stream 4).

Saltcake is redissolved using hydraulic slurrying techniques similar to sludge slurrying.
As originally designed, the salt solutions from this operation, and other salt solutions
from HLW Storage and Evaporation, were intended for feed to ITP (Stream 5). In the
proposed Salt Waste Processing Facility, the salt solution will be processed to remove
radionuclides (i.e., actinides, Sr, and Cs). These concentrated radionuclides will be
prepared for transfer to DWPF. Depending on the process chosen, the Cs stream (Stream
7) will be either loaded CST sorbent, dilute nitric acid from CSSX, or a precipitate
hydrolysis aqueous (PHA) stream from STTP. The actinide and Sr sorbent (e.g.,
monosodium titanate [MST]) will be transferred to DWPF either as a separate stream or
combined with the Cs stream, depending upon the process.

For the STTP process, the precipitate is catalytically decomposed and separated into two
streams: a mildly contaminated organic stream and an aqueous stream containing
virtually al of the radionuclides. The mildly contaminated organics are stored and
eventually transferred to CIF (Stream 11). The aqueous stream is transferred to DWPF
where it is combined with the washed dudge from ESP - which has undergone further
processing - and the mixture vitrified.

The washed sludge from 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 (Hg) is removed,
purified, and sent to Hg receivers (Stream 12). The aqueous Cs product or CST sorbent
dlurry from the Salt Waste Processing Facility is added to the chemically adjusted sludge.
The mixture is then combined with glass frit and sent to the glass melter. The glass
melter drives off the water and melts the wastes into a borosilicate glass matrix, which is
poured into a stainless-steel canister. The canistered glass waste form is sent to on-site
interim storage, and will eventually be disposed in afederal repository (Stream 9).

The water vapor driven off the melter is condensed and combined with other aqueous

streams generated throughout the DWPF. The combined aqueous stream is recycled to
HLW Storage and Evaporation for processing (Stream 10).
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Overheads from the HLW Storage and Evaporation evaporators are combined with
overheads from evaporators in the F and H Area separations processes and other 1ow-
level streams from various waste generators. This mixture of LLW is sent to the ETF
(Stream 13).

Inthe ETF, LLW is 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 contaminants removed from the water
are concentrated and sent to Tank 50 (Stream 15), for storage prior to transfer to the SPF
(Stream 6). In the SPF, the liquid waste is combined with cement formers and pumped as
awet grout to a vault located in the SDF (Stream 16). In the vault, the cement formers
hydrate and cure, forming a saltstone monolith. The SDF will eventually be closed as a
landfill.
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4.0 Functional Requirementsfor the Salt Processing Process

As described in Section 3.0 above and in the Final Supplemental Environmental Impact
Statement (SEIS) (DOE/EIS-0082-S), the existing SRS HLW System consists of seven
interconnected facilities operated for the DOE by the HLW and Solid Waste Divisions of the
WSRC. These separate facilities function as one large waste treatment plant.

Asan integra part of the mission, the SRS HLW System must immobilize the key
radionuclides in the salt for final disposition in support of environmental protection, safety,
and current and planned missions. 1n 1994, the SEIS projected Salt Processing using ITP and
Late Wash facilities to yield a precipitate slurry containing Cs-137 suitable for transfer to and
processing in the DWPF. Plans also called for the ITP process to produce a decontaminated
salt solution (DSS) for conversion to saltstone, a solid LLW, for disposal at the SRS.

Although any aternative process to I TP would be specifically developed to enable HLW salt
disposition, the impact on al HLW facilities and processes at SRS must also be addressed.
Functionally, the selected alternative must interface safely and efficiently with the processing
facilities within and outside of the HLW System. The timing for selection of an aternative
needs to support tank farm space and water inventory management, the STP, and the FFA for
tank closure. Table 4.1 summarizes key functiona requirements and the schedule to recover
HLW storage space and meet the FFA/STP that any alternative must fulfill.
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Table4.1 Key Functional Criteria
FOCUS AREA FUNCTIONS
Safety
Hazard Assessment (HAD) | Provide afacility that meets the requirements of a non-reactor nuclear hazard category 2 and low chemical hazard category.
Interface Streams
DWPF Recycle Support tank farm space management and DWPF recycle evaporator strategy.
DWPF Glass Provide a Cs-containing product that supports glass waste form requirements relative to durability, crystallization temperature, Na content,
and viscosity.
SPF Feed Provide a Decontaminated Salt Solution (DSS) product that meets Waste Acceptance Criteria relative to producing a non-hazardous
saltstone waste form suitable for disposal aslow-level solid waste at the SRS.
Tank 49H Support Tank Farm space management strategy to recover Tank 49H for HLW storage.
Tank 50H Support Tank Farm space management strategy to recover Tank 50H for HLW storage.
New Waste Form Comply with DOE-RW HLW repository requirements.
Nomina DF
S DF Provide a Sr DSS concentration of < 40 nCi/g, which equals a nominal DF = 5 (overall average).
TRU DF Provide a TRU DSS concentration of < 18 nCi/g, which equals anominal DF = 12 (overall average).
CsDF Provide a Cs DSS concentration that enables conversion to a solid low-level waste form suitable for near-surface disposal at the SRS.
For processes that remove Cs, Cs-137 < 45 nCi/g is required to enable processing in the existing Saltstone Production Facility and
disposal in the existing Saltstone Disposal Facility, which equals anominal DF = 8000 (overall average).
For processes that do not remove Cs, Cs-137 must be within NRC Class C limits.
Schedule
HLW Storage Support Tank Farm space management strategy to support site missions (timely startup of new process by 2010).
FFA Support readiness for closure of all waste tanks by 2028.
STP Support readiness for closure of old style tanks by 2020, and an average glass canister production rate of 200 canisters/yr.
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5.0 Description Of Radionuclide Removal Processes
5.1 Alphaand Sr Removal

For STTP, dpha(i.e., selected actinides) and Sr removal occurs simultaneously with
precipitation of Cs (see Figure 5.1). In contrast, the current preconceptual design for

CST Non-Elutable 1on Exchange alternative — using the sorbent IONSIV® 1E-911 — and
the CSSX alternative both require removal of Sr and transuranic (TRU) radionuclides in
advance of removing Cs from the solution (see Figure 5.2). In addition to the process
complexity added through extra equipment, the latter two options also require solid-liquid
separation in preparation for further processing. Previous studies showed alow filtration
flux during the solid-liquid separation step.>®® Because of the lower fluxes, the CST and
CSSX processes require larger filtration equipment, process vessels and storage vessels to
maintain the desired waste processing rate.

Figure5.1 Alphaand Sr Removal Flow Diagram for Small Tank
Tetraphenylborate Precipitation
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Figure5.2 Alphaand Sr Removal Flow Diagram for CST Non-Elutablelon
Exchange and Caustic Side Solvent Extraction
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5.2 CsRemoval by CST Non-Elutable lon Exchange

In the proposed CST Non-Elutable lon Exchange process (see Figure 5.3), salt solution
(6.44 M sodium [Na]) is combined with dilution caustic and spent solutions from filter
cleaning and other aqueous streams generated from resin loading and unloading
operations in the Alpha Sorption Tank (AST) within the shielded facility. Soluble alpha
contaminants and *°Sr are sorbed on monosodium titanate (MST) solids that are added as
adurry to the salt solution in the AST. The solution is diluted to ~5.6 M Nain the AST
in the combined waste stream that is fed to filtration.

After sampling to confirm the soluble alpha and Sr concentration is reduced to an
acceptably low level, the resulting dlurry is filtered to remove MST and entrained sludge
solids that may have accompanied the salt solution to the AST. Clarified filtrate is
transferred to the Recycle Blend Tank, which serves as the feed tank for ion exchange
column operation.
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Figure5.3 CST Non-Elutable lon Exchange Flow Diagram
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Two key aspects of the CST process are the loading CST into the train of ion exchange
columns and rotation of the columns as they become loaded with Cs. The ion exchange
train consists of three operating columns in series, identified as lead, middle and guard
columns, where the Csis sorbed onto the CST. A fourth standby column is provided to
allow continued operation while Cs-loaded CST is removed and fresh CST is added to
the previous lead column. The effluent from the guard column is passed through a fines
filter to prevent Cs-loaded fines from contaminating the salt solution. The filtered salt
solution flows to one of two Product Holdup Tanks (not shown) and the activity is
measured to ensure it meets the saltstone limit for Cs. After analysis confirms adequate
decontamination, the DSS is transferred to one of two DSS Hold Tanks and stored until it
can be transferred to Z Areafor processing and disposal as saltstone.

Rotation of the columns and processing of the Cs-loaded CST occurs as follows. When
the lead column in the train is close to saturation (expected to be >90% Cs loading), that
column is removed from service, the middle column becomes the lead column, the guard
column becomes the middle column, and the fresh, standby column becomes the guard
column. The Cs-loaded CST from the first column is then sluiced with water into one of
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two Loaded Resin Hold Tanks where it is combined with the solids from the fines filter.
Excess duicing water is removed to produce a 10 wt% CST durry in water. The excess
water is sent to the Alpha Sorption Tank. The CST durry is stored in the Loaded Resin
Hold Tank until it can be transferred to the DWPF for incorporation into HLW waste
glass.

Before being loaded into a column, the CST resin must undergo two treatments. First,
the CST is loaded into the Column Preparation Tank, similar in dimensions to an ion
exchange column bed. The CST isthen backflushed with water to remove the fines.
These fines are removed by afilter for disposal asindustrial waste. The second treatment
involves a 24-hour caustic soak. The as-received CST isin the hydrogen form. Theresin
is converted to the Naform by circulating a sodium hydroxide (NaOH) solution through
the Column Preparation Tank for 24 hours. The materia is then loaded into an empty
standby column by sluicing with water.

After loading the column, sufficient water must be retained in the column to cover the
resin bed and exclude air which could cause channeling in the bed. Prior to placing the
loaded standby column in service, the water must be displaced by a2 M NaOH solution.
If thisis not done, Al may precipitate from the initial salt solution feed as the pH is
reduced by mixing with the residual water. A similar NaOH flush is required after the
bed is removed from service to avoid precipitating Al from salt solution remaining in the
column after feed is stopped. After the NaOH flush, the CST loaded with Csis duiced
from the bed with water. As noted above, these flushes are sent to the Alpha Sorption
Tank and combined with clarified salt solution.

5.3 CsRemoval by Caustic Side Solvent Extraction

The basic principle of solvent extraction is to use a sparingly soluble diluent material that
carries an extractant that will complex with the Csionsin the caustic solution. The
decontaminated agueous stream (raffinate) is then sent to the SPF for disposal. The Cs
contained in the organic phase (solvent) is then stripped into an aqueous phase ready for
transfer to DWPF. The solvent is recycled.

Prior to treatment by solvent extraction, actinides and Sr are removed from the waste by
sorption with MST. The resulting durry is then filtered to remove the MST and dudge
solids.

The CSSX process uses a novel solvent system made up of four components:
calix[4]arene-bis-(tert-octylbenzo-crown-6) known as BOBCalixCe6, 1-(2,2,3,3-
tetrafluoropropoxy)-3—(¢%cbutylphenoxg)-z-propanol, known as modifier Cs7SB,
trioctylamine known as TOA, and Isopar™ L, as adiluent. The solvent is contacted with
the alkaline waste stream in a series of countercurrent centrifugal contactors (the
extraction stages). The resulting clean aqueous raffinate is transferred to the SPF for
conversion to saltstone. Following Cs extraction, the solvent is scrubbed with dilute acid
to remove other soluble salts from the solvent stream (the scrub stages). The scrubbed
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solvent then passes into the strip stages where it is contacted with a very dilute (0.001 M)
acid stream to transfer the Csto the agueous phase. The aqueous strip effluent is
transferred to the DWPF. Figure 5.4 contains a schematic representation of the proposed
solvent extraction flowsheet.

In the extraction stages, Cs and nitrate are extracted into the solvent phase. The Csis
stabilized in the solvent phase by the calixarene molecule while the nitrate ion is
stabilized by the modifier molecules. Due to the complimentary geometry and electronic
environment in the cavity of the calixarene molecules, Csis removed in dramatic
preference to other cations, in particular Na and potassium (K). This selectivity is more
than two orders of magnitude versus K and more than four order of magnitude versus Na.
This high selectivity is required to achieve the desired separation of the Csions from the
bulk Naions, resulting in a concentrated stream of Cs nitrate for vitrification.

Figure5.4 Caustic Side Solvent Extraction Flow Diagram
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In the proposed process, the Cs concentration in the organic phase is 3.5 times that in the
agueous feed solution. For atypical HLW feed solution containing 0.14 millimolar

(mM) Cs, the concentration in the organic stream leaving the extraction stagesis
approximately 0.5 mM. Note that thisis significantly below the 10 mM concentration of
calixarene in the solvent. Thus, alarge excess of available calixarene sites are available
for extraction. However, due to the high concentrations of Na and K in the feed stream, a
measurable quantity of both Naand K are extracted, and thus take up a small portion of
the sites. In addition, some Na and K ions are extracted directly by the modifier. Section
7.3 describes this technology in greater detail and identifies other issues (e.g., solvent
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preparation, solvent cleanup, and organic waste) that are involved in implementation of
it.

To provide an essentialy pure Cs nitrate product stream, the K and Na are scrubbed from
the organic phase using two scrubbing stages between the extraction and strip stages. The
scrub solution joins the agueous phase in the extraction section of the contactor cascade.
In addition to removing Na and K from the organic phase, the scrub stages also remove
Al, Feand Hg. The scrub stages also neutralize any caustic carryover from the extraction
stages. The neutralization is essential to control precipitation and to alow stable
operation of the stripping stages. Since the strip stages employ aweak acidic solution,
introduction of caustic into the strip stages would likely result in significant pH shifts and
thereby diminish process operability.

In the strip stages, the presence of lipophilic anionic impurities (e.g., dibutylphosphate,
dodecylsulfate) has the potential to greatly reduce stripping performance. Such
impurities could possibly come from the waste or from solvent radiolysis. To remedy the
potential effects of these impurities, TOA is added to the solvent. This amine remains
essentially inert in the extraction section of the process but converts to the
trioctylammonium nitrate salt during scrubbing and stripping. This salt remainsin the
organic phase and allows the final traces of Csin the solvent to be stripped by supplying
any anionic impuritiesin the solvent with equivalent cationic charges.*

Over long periods of time, either the modifier or the calixarene may degrade. The most
likely degradation is that of the modifier to form a phenolic compound that is highly
soluble in the organic phase in contact with acid solutions. However, the modifier was
designed so that the phenolic compounds would distribute preferentially to alkaline
agueous solutions, either the waste itself or NaOH wash solutions. Gradual degradation
of the solvent will result in some loss of performance, owing both to loss of the
calixarene, modifier, and amine and to buildup of various degradation products. The
proposed flowsheet contains two additional unit operations intended to maintain solvent
performance.

The two proposed unit operations involve first an acidic wash of the solvent followed by
a caustic wash of the solvent. These two wash stages are intended to remove any acidic
or caustic impurities that may accumulate in the solvent system over time. In particular,
the caustic wash is known to remove many of the modifier and diluent degradation
products. In addition, the proposed flowsheet has assumed the solvent will be replaced
on an annual basis to maintain system performance. Spent solvent will be incinerated.

The agueous output streams from the CSSX process will contain either soluble solvent
components and/or entrained organic phase. This may represent an economic concern
due to loss of the expensive solvent components or a problem in downstream operations.
The proposed process contains two additional contactor stages designed to remove
soluble organics and in particular to remove solvent from the exiting raffinate stream. A
small amount of Isopar® L isintroduced into these stages and used to separate the solvent
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from the agueous phase. The agueous phase from these stages is then sent to a settling
tank where any remaining entrained organic (mostly the Isopar® L) is alowed to float
and is decanted. From the settling tank, the raffinate is transferred to one of two hold
tanksto allow decay of the short half-life gamma from Ba-137m in the raffinate stream.
These two tanks are sized to alow sufficient hold time for gamma decay to facilitate
determination of whether the target decontamination has been met to allow transfer of the
raffinate material to the SPF. The wash solutions from the organic clean up process are
also transferred to the SPF.

A similar solvent recovery process has been designed for the strip effluent. The proposed
process contains two additional contactor stages designed to remove soluble organics
from the exiting strip effluent. Again, asmall amount of Isopar® L isintroduced into the
stages and used to extract any of the solvent from the agueous phase. The agqueous phase
leaves the cleanup stage and is transferred to a settling tank where the Isopar® L is
allowed to float and is decanted. The Isopar® L added in the two solvent recovery
processes is sent to the CIF.

Note that the feed stream is fed to the process from a 30,000 gallon tank. Decoupling of
the actinide removal section of the flowsheet is provided by the 111,000 gallon filter feed
tank. The aqueous strip effluent leaves the settling tank and is sent to alarge storage tank
(60-day capacity). The use of alarge tank provides for some decoupling of the solvent
extraction process and the DWPF. The solvent extraction process can only operate as
long as DWPF is operating or storage volume remains in the tanks between the solvent
extraction process and DWPF. Cold chemical feed tanks have generally sized to provide
one day of process operation. These feed tanks are fed from larger feed makeup tanks
that will provide a buffer in operations to allow for limited (less than a week) outages of
process water and other input chemicals.

Strip effluent storage is provided to accommodate the differences in cycle times for the
SRAT in DWPF and to alow for disengagement of any organic carry-over from the
extraction process. Strip effluent will be provided at arate of 1.5 gpm, thereby
eliminating the need for an evaporator. The strip effluent transferred to DWPF is
assumed to contain the diluent at the saturation limit (<1 mg/L). The strip effluent is
evaporated in the DWPF SRAT where the nitric acid content is used to offset the nominal
nitric acid requirement. The effluent would contain <0.01 M Na, and <0.001 M of other
metals.

5.4 CsRemoval by Small Tank Tetraphenylborate Precipitation

In the STTP process (see Figure 5.5), salt solution is received into a Fresh Waste Day
Tank located in the new facility. For this continuous precipitation process, salt solution,
Na TPB solution, MST dlurry, spent wash water and dilution water are continuously
added to the first of two Continuous Stirred Tank Reactors (CSTR) located in the new
facility. Sufficient dilution water is added to the first CSTR to reduce the Na molarity to
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~4.7 M to optimize conditions for precipitation and MST sorption reactions. The first
CSTR feeds a second CSTR in which precipitation is completed. In the CSTRs, soluble
Csand K are precipitated as TPB salts and Sr and actinides (U, Pu, Am, Np and Cm) are
sorbed on the MST solids. The resulting slurry, containing ~1 wt% insoluble solids, is
transferred from the second CSTR to the Concentrate Tank from which the durry is
continuoudly fed to a cross-flow filter to concentrate the solids, which contain most of the
radioactive contaminants. DSSfiltrate is transferred to a Filtrate Hold Tank from the
filter unit and stored until it can be transferred to the existing SPF, where it is converted
to saltstone for disposal in the SDF.

Figure5.5 Small Tank Tetraphenylborate Precipitation Flow Diagram

Decontaminat ted
Salt Solution
to Saltstone

After concentrating the surry to 10 w%, and accumulating 4,000 to 5,000 gallons in the
Concentrate Tank, the durry is transferred to the Wash Tank and washed to remove
soluble Na salts by adding process water and removing spent wash water by filtration.
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Na TPB removed in the wash water can be recovered by recycling the spent wash water
to the first CSTR. Spent wash water is either recycled to the first CSTR to provide a
portion of the needed dilution water or sent to the Filtrate Hold Tank and on to the SPF
for conversion to saltstone for disposal in the SDF. At the end of the washing operation,
10 wt% dlurry is transferred to the Precipitate Storage Tank for staging. The durry is
then processed through the acid hydrolysis unit operation and eventually vitrified.
Recovered by-product benzene from acid hydrolysis is transferred to the CIF and
incinerated. The aqueous product from acid hydrolysis is combined with sludge feed in
the DWPF and incorporated into HLW waste glass.

In the initial proposal for the Small Tank TPB alternative, washed 10 wt% dlurry was to
be processed using the existing acid hydrolysis process equipment installed in the DWPF
Salt Cell. However, atank farm salt/space management strategy recommends using the
DWPF Salt Cell for housing an acid evaporator. This development, coupled with the
limiting design capacity of the existing acid hydrolysis processing equipment, led to the
acid hydrolysis process being moved to the SWPF. The equipment will besized such
that the production rate will match the desired waste removal rate. Moving the acid
hydrolysis operation to the new facility offers the advantage of confining the operations
involving benzene generation and handling to a single facility, but the footprint of the
proposed facility will increase for this aternative.
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6.0 Technology Development Needs

A large number of technical issues and concerns have been identified in previous phases
of the SPP. Evaluation of these issues and concerns has led to a small number that are
believed to represent high technical risks to implementation of the four processes
described in this R&D Program Plan. These high risk areas and the technology needs
they represent must be resolved satisfactorily prior to Cs removal technology down-
selection.

Tests to resolve these issues are generally conducted first with ssmulated wastes, but final
confirmation of key parameters and flowsheet demonstrations will be conducted with real
waste samples. Three standard SRS waste simulants are normally used to bound SRS
HLW compositions (see Table 6.1). These compositions, and preparation instructions,
are provided to all participating laboratories as documented in D. D. Walker,
“Preparation of Simulated Waste Solutions’, WSRC-TR-99-00116, March 15, 1999. In
certain experiments, other components (like lipophilic organic anions for solvent
extraction tests) may be added or concentrations of individual components may be varied
to examine specific effects.

Table 6.1 Composition of Simulated Waste Solutions

Concentrations (molar)

Component Average High OH" High NOs
Na* 5.6 5.6 5.6

K* 0.015 0.030 0.0041
Cs' 0.00014 0.00037 0.00014
OH 191 3.05 1.17
NOs 2.14 1.10 2.84
NO, 0.52 0.74 0.37
Al0* 0.31 0.27 0.32
CO# 0.16 0.17 0.16
SO,* 0.15 0.30 0.22

cr 0.025 0.010 0.040
F 0.032 0.010 0.050
PO 0.010 0.008 0.010
C04% 0.008 0.008 0.008
904* 0.004 0.004 0.004
MoO4 0.0002 0.0002 0.0002

The key technology needs for each process are summarized below.
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6.1 Alphaand Sr Removal

The program proposes the addition of MST to remove portions of the soluble U, Pu, Np,
and Sr contained in the waste stream. Design efforts require an understanding of the rate
and equilibrium loading of these components as a function of temperature, ionic strength
and mixing to support both the CSTR and the batch reactor designs. Initial data from
batch reactor studies indicates that the MST reaction kinetics require more than the 24
hours assumed in the design basis, resulting in larger batch volumes. Also, low filter flux
demonstrated in testing indicated the need for large surface area filters and large volume
circulation pumps. The program, therefore, requires additional information on the
kinetics for radionuclide removal under proposed process conditions.

The original SRS implementation scheme using MST allowed sufficient time to remove
the radionuclides. In contrast, the current process options shorten the contact time for the
sorbent to 24 hours before filtration occurs. Strontium removal occurs rapidly under
akaline conditions with no apparent influence from the presence of competing sorbates
such as actinides. Of the actinides, Pu removal proves most important to satisfying the
requirements for total alpha activity inthe DSS. In general, MST exhibits slower
removal rates for Pu and other actinides than observed for Sr. Testing indicates that the
actinides compete for sites on the MST. U and Np both exhibit much higher solubility in
alkaline solutions than Pu. Consequently, the extent and rate of Pu removal depends
strongly on the total actinide concentration Hence, while the current pre-conceptual
designs achieve the requirements for radionuclides, the use of MST does limit the process
cycle times and equipment size.

The original process design achieved the solid-liquid separation for the MST
concurrently with concentration of the organic precipitate. The precipitate apparently
mitigated the tendency of the MST particlesto closely pack. Thus, the use of cross-flow
filtration for the composite slurry showed good process rates and posed minimal process
maintenance issues. In contrast, two of the currently suggested process designs require
solid-liquid separation of a stream containing the MST combined with entrained sludge
solids (metal oxides and hydroxides). The cross-flow filtration proves notably slower for
these designs.

While MST adequately meets the functional requirements for each process design, the
use of aternate sorbents or technologies to remove the radionuclides of interest (i.e., Sr,
Pu, and Np) may significantly improve some of the designs. Therefore, a portion of this
research effort evaluates the use of alternate chemical means to remove these
radionuclides. Similarly, the program will aso investigate means to improve cross-flow
filtration performance by using chemical additives as well as alternate solid-liquid
separation technologies with MST or the aternate chemicals defined to remove
radionuclides.
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In summary, the high priority technology needs that require investigation to support apha
and Sr remova include:

Alphaand Sr removal performance with MST and alternate sorbents,
Size of equipment, and
Solid-liquid separation performance.

Finally, the conceptual designs include the use of at-line (or on-line) analytical equipment
to verify the removal of the radionuclides. The origina process performed this analysis
on samples decontaminated from Cs, Sr, and the actinides. In contrast, two of the
proposed designs require verifying the removal of Sr and the actinides with radiocesium
still present in the solution. All of the three process designs rely on faster analytical
response time than the original design. Thus, the program requires development of
appropriate analytical monitors to meet these objectives.

6.2 CST Non-Elutable lon Exchange

In the CST Non-Elutable lon Exchange process, MST sorbs a pha contaminants and Sr-
90 from the salt solution. The MST resulting durry is then filtered and the filtrate
solution is combined with other agqueous streams for processing through an ion exchange
column loaded with CST to remove Cs. The most significant issue with CST is the
stability of the CST in highly alkaline solutions. Leaching of excess materials used in
manufacturing the resin and column pluggage events have been observed in previous
testing. This hasled to adesire to re-engineer the resin manufacturing process. In
addition, the baseline design calls for a series of three ion-exchange columns each with a
bed of CST 16 ft tall by 5 ft in diameter. Fully loaded CST is expected to generate gas
through radiolysis of the waste solution passing over it. This gas could potentially block
access of Cs-containing waste solution to the CST pores or coalesce into bubbles that
interfere with fluid flow through the columns. Thus, the effect of gas generation on the
performance of the CST downstream of the fully loaded portion becomes an issue. Also,
loaded CST must be transferred as a durry to DWPF and the sludge, CST, and glass frit
mixture must be homogeneously mixed and accurately sampled prior to feeding the
melter. Both of these operations have proven difficult in initial tests. Thus, the three
high-risk areas for implementation of the CST process are:

Resin stability
Gas generation, and
Resin handling and sampling.

The ability of CST to remove Cs from aqueous solutions as a function of temperature and
waste composition needs to be investigated. K, Sr, nitrate, and OH ions are known to
impact the equilibrium loading of Cson CST. Mass transfer coefficients and diffusivity
as a function of column geometry and velocity are needed to provide sufficient
information to design ion exchange columns properly. To avoid potential criticality
issues, the ability of CST to sorb Sr, Pu, and U must also be defined. Finally, the thermal
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characteristics of CST performance including thermal stability of this sorbent itself and
its potential to desorb Csin response to thermal fluctuations (in both normal operations
ranges and abnormal swings) must also be defined.

6.3 Caustic Side Solvent Extraction

Solvent extraction is a proven technology in the nuclear industry as shown by the world-
wide use of the PUREX process. Equipment, such as pulse columns, mixer settlers, and
centrifugal contactors, has along history of successful operation in the remote
environments required to process radioactive materials. The technology development
needs for CSSX are derived primarily from the immaturity of the solvent. The CSSX
solvent is a multi-component solvent that is complex, and poses risks from a chemical
stability standpoint that, unmitigated, could destabilize the process and/or impact
operations personnel. The performance of CSSX may also be affected by the impacts on
the solvent by radionuclides in the treatment stream. Extraction rates for solvent
mixtures have been studied previously and the rates have been found to be more than
adequate for application to salt processing. However, bench-scale extraction studies must
be run to determine if the dual performance goals of raffinate stream decontamination
and Cs product concentration (DF of 40,000 and a minimum CF of 12) can be
simultaneously achieved, particularly with real waste. Thus, the CSSX technology
development needs are driven by five high risk areas of technical uncertainty:

Chemical and thermal stability,

Radiolytic stability,

Resistance to impurity effects,

Flowsheet solvent system proof-of-concept, and
Real waste performance.

Technology development needs are also driven by the need to demonstrate the
commercial availability of the CSSX solvent components. This will require that issues
with synthesis improvements and patent applications for the BOBCalixC6 and modifier
be resolved.

6.4 Small Tank TPB Precipitation

The STTP is a continuous precipitation process that mixes salt solution, Na TPB, a slurry
of MST, spent wash water, and dilution water in a CSTR. Soluble Cs and K precipitate
as TPB sdlts, and MST sorbs Sr and actinides. The salts and MST solids are readily
filtered to achieve the desired DF, but the process has inherent risks due to the catalytic
decomposition of TPB (to form benzene) and foaming of the slurry. Foaming can
interfere or block flow in the process, while benzene generation poses both exposure and
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instability (fire) risks to personnel and the potential environmental releases. Therefore,
the key technology needs are:

Catalytic product decomposition, and
Foaming.

Initial data from batch reactor experiments indicates that MST kinetics will control the
size of the reactor. The rate and equilibrium (solubility) of MTPB as a function of
temperature, ionic strength, and mixing is required to support reactor design.
Researchers must provide physical property data such as density viscosity, yield stress,
and consistency of durry, as afunction of state variables, such as temperature, to support
design. Additional studies on TPB decomposition under expected process conditions are
required.

6.5 Other Technology Development Needs
Other specific technology development needs have been identified based on technical
issues and concerns that were identified in earlier phases of the program. These needs are

listed in Appendix B. The technology development activities described in Section 7.0
focus primarily on resolving the high priority issues described above.
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7.0 R&D Program Description

7.1 AlphaAnd Sr Removal

For the STTP, aphaand Sr removal occurs simultaneously with precipitation of Cs. In contrast,
the current preconceptua design for both CST Non-Elutable lon Exchange using IONSIV®
IE-911 and the CSSX process requires removal of Sr and actinides in advance of removing Cs
from the solution. In addition to the process complexity added through extra equipment, the
latter two options require an additional solid-liquid separation step. Previous studies showed low
filtration flux in the absence of the organic TPB precipitate. The lower fluxes necessitate the use
of larger filtration equipment, and storage vessels for waste to maintain the desired waste-
processing rate.

7.1.1 R&D Roadmap Summary —Alpha and Sr Removal

To achieve critical project decision milestones, the program must complete several important
science and technology activities. Failure to meet the technology milestones in the integrated
project schedule will delay startup of the salt removal process. This delay will result in
inadequate tank storage space, jeopardizing DWPF operations and other SRS missions while
significantly impacting the ability for SRS to support potential new missions.

This science and technology roadmap for alpha and Sr remova (Figure 7.1), a subset of the
overall SPP roadmap (see Appendix A), defines needs in the following two basic categories.

Monosodium titanate sorption kinetics, and
Engineering filtration studies.

Process chemistry needs related to alpha and Sr removal includes collection of data on the
thermal and hydraulic transport properties, reaction kinetics, and mass transfer properties
necessary to finalize the conceptual design. These data establish the physical and engineering
property basis for the project and detailed design. Examples of key decisions resulting from
these activities include selecting tank mixing technology, filtration technology and reactor
design, and finalizing the process flowshest.

The program will develop physical property and process engineering data from engineering-
scale, or pilot-scale tests during conceptual design. Performance datawill come from unit
operations testing using pilot-scale equipment to support preliminary design. These data will
help to resolve issues related to equipment sizing, specific equipment attributes, materials of
construction and operational parameters such as pressure drop and requirements for temperature
control. A key deliverable involves demonstrating that the individual components will function
as intended in support of establishing the design input for the final design stage of the project.
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Figure7.1 Science and Technology Roadmap for Alpha and Sr Removal Process
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Figure 7.1 depicts the technology roadmap for the Sr and actinide removal portions of the
program. The diagram shows each work element defined for the current and future work scope.
Integrated pilot-scale operations will occur during final design to confirm operation under upset
conditions. Thiswill establish the limits of operation and recovery, define the limits of feed
composition variability, and confirm design assumptions. This testing also directly supports
development of operating procedures, simulator development, and operator training.

Appendix A contains detailed logic diagrams that illustrate the various R&D activities, their
interactions, and decision points.

7.1.2 Monosodium Titanate (MST) Kinetics and Equilibrium (Alpha SOWM 1.1, 1.2)"

7.1.2.1 Previous Results

Based on previous SRTC work, MST serves as an adequate removal agent for Sr, U and Pu
under equilibrium conditions. However, the earliest studies did not evaluate the kinetics of the
reactions.>® Hence, researchers completed a statistically designed set of experiments asa
function of a number of parameters to determine the extent and kinetics of actinide and Sr
removal.

The results from Hobbs et al.” indicate the more important parameters affecting the kinetics of
sorption include initial sorbate concentration, MST concentration, ionic strength and
temperature. Thiswork examined the statistical concentration bounds expected for these
actinides, rather than trying to match the expected ratios of actual tank waste. Testing results
indicated that at the target Na molarity for operation of the STTP process (4.5 M Na), addition of
0.2 g/L of MST adequately reduced the Sr-90, total alpha activity, and Np-237 at the
concentrations tested. However, the removal rates from more concentrated wastes — such as
proposed for the ion exchange and solvent extraction technol ogies — proved too slow to achieve
the desired decontamination within the 24 hours allotted for the proposed design bases.

Hobbs et al .2 next examined the extent and rate of Sr, Np and Pu removal from 4.5 M Naand
7.5 M Nasolutions at two levels of MST addition. In this second group of tests, the authors
altered the waste compositions to more nearly reflect the expected process concentrations.

Results proved the addition of 0.4 g/L of MST sufficient to decontaminate the salt solution
relative to Sr, Np and Pu at the concentrations tested. Note that the process does not require
decontamination of the solution with respect to uranium because of its low specific activity.
Rather, U competes for the sorption sites needed to remove Pu and Np for regulatory purposes.
However, the addition of 0.2 g/L of MST proved insufficient to achieve the required Np

" SOWM refersto the Scope of Work Matrix provided in Appendix A. The numbers link to that document and
provide the reader with additional reference materials.
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decontamination. The kinetics of sorption in the 7.5 M Na solution proved too slow to support
the needed processing rate, indicating the need to dilute the waste before treating with MST. This
information was used to set the size of the Alpha Sorption Tanks for the ion exchange and
solvent extraction processes.

These experimental studies notably advanced the understanding of process efficiency for MST in
these applications. However, the DOE judged this work inadequate to demonstrate the required
process for the mission objectives.®

7.1.2.2 FYO00-Resaults

Research during FY 00 examined MST sorption kineticsusing 0.2 and 0.4 g MST/L ina5.6 M
Nawaste.l? Resultsindicated intermediate sorbate removal from a5.6 M Na solution compared
to that observed for a4.5M and a7.5 M Nasolution. The Sr and Pu removal produced
equilibrium concentrations that met process requirements under certain conditions, indicating
that feed-blending strategies must consider the isotopic distribution of Sr and Pu. For Np,
process requirements were not met at either MST concentration, although the addition of 0.4 g/L
MST nearly achieved the limit. These results demonstrated that Sr and Pu removal rates
decreased with increased Na concentration (i.e., ionic strength). The Np and U removal proved
lower from the 5.6 M Na solution than the 7.5 M Na solutions. These results provided additional
data for sizing CSTRs for the STTP process and processing tanks for alpha and Sr removal unit
operations in the CSSX and CST Non-Elutable lon Exchange processes.

7.1.2.3 FYO01—Current Work

The previous experimental data confirms the current cost estimates for the proposed options.
Furthermore, the limited ability to remove Np by addition of MST requires blending of wastes
from selected tanks prior to treatment. This engineering approach provides an acceptable level
of confidence for successfully processing the wastes. Additional data on MST sorption for
individual radionuclides is needed to develop increased confidence in predicting the behavior of
the baseline sorbent. Also, characterization data on actual waste is needed to provide a better
understanding of the state of Pu and Np in the waste.

Late in FY 0O, actual waste samples were obtained to conduct FY 01 characterization studies
focused on determining whether the actinides exist in part as colloidal species. Thiswork will
examine whether sequentia filtration of the waste through finer ultra-filters yields lower
measured concentrations of the actinides. Such a finding would suggest the presence of colloidal
materia that may prove resistant to removal by MST. Because routine protocol for most
analyses of the waste samples do not include filtration prior to characterization, the existing
database may report total suspended radionuclides. (The most frequent sample analyses only
provide the concentration of the soluble species.) Thus, the total amount of soluble radionuclides
requiring removal may prove significantly less than assumed in current design calculations. By
conducting these studies, researchers will refine the understanding of the required performance
for any sorbent.
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Research in FY 01 will also shift to examining the sorption behavior for individual radionuclides
(e.g., Sr, U, Np and Pu). Modeling conducted in FY 00 using an empirical mathematical formula
showed limited ability to reliably predict radionuclide performance even within the existing data
set.”® Thelead investigators attribute this limitation to two factors. First, the previous
experiments investigated removal of multiple radionuclides from a mixture. Incomplete
fundamental isotherm studies for single sorbates lead to a lack of understanding of the basic
chemistry involved for competing species. Second, the mathematical tools used in these studies
derived from simplistic regression software as opposed to evaluating the existing data against
multiple component theories. Future work will seek a more fundamental, first-principle
interpretation of the behavior.

Due to the lack of fundamental understanding of the nature of chemical binding of radionuclides
to the MST, current knowledge in this area resorts to empirical formulas to predict behavior.

The collective data suggests — but does not definitively show — that Sr sorption occurs through an
ion exchange mechanism while the actinides attach via a sorption process. Work will focus on
measuring isotherms for single radionuclides and MST. Studies will examine the influence of
solution composition — particularly the dependence of sorption on the relative concentrations of
hydroxide, carbonate, nitrate, nitrite, and aluminate in the waste.

In addition, personnel will examine loaded sorbents using fine structure x-ray spectroscopy
techniques to gain an understanding of the nature of the mechanism that governs sorption for
each radionuclide. The combined data will allow researchers to further develop “first-principles’
models to correlate sorption behavior. These data will increase the reliability of estimating
facility performance for a variety of wastes with compositions that differ from those previously
examined. An understanding of the binding mechanism will also help guide researchersin
efforts to identify superior sorbents for this application.

To date, vendors have produced only a limited number of batches of the MST sorbent resulting
in a sparse data set for actinide loading. The FY 01 work will examine the batch-to-batch
variation in actinide sorption by MST.

Prior test results indicated a change in the Pu removal kinetics after about 10 hours upon contact
with the MST. These results suggest that two or more Pu species may exist that react with the
MST at different rates. Literature data indicate Pu exhibits multiple oxidation states in akaline
agueous solutions.** One expects Np to also exist in multiple oxidation states with differing
removal efficiency through sorption on MST. Existing studies do not provide definitive
identification of Pu and Np oxidation states in the range of solution compositions that will exist
during salt solution processing. Identifying the Pu and Np oxidation states and determining the
extent and rate of removal of each oxidation state would decrease the uncertainty in predicting
removal behavior under varying waste compositions. Future work will include studies of the
influence of Pu and Np oxidation state on performance for MST and any alternate sorbent
deemed appropriate at the time of work scope authorization. Similarly, studies will also examine
—in a screening fashion — the ability of reducing agents to improve performance.
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7.1.3 Alternative Alphaand Sr Removal Technologies (Alpha SOWM 1.3 and 1.4)

7.1.3.1 Previous Results

To date, the HLW program has relied exclusively on process options that use MST to achieve the
required removal of Sr and actinides. The program considered alternative sorbentsto MST only
in general reviews of available process options. Recently, the DOE judged such reliance upon
MST as the sole technology as an unacceptable technical risk.® For example, use of alternate
sorbents or technologies open the potential of aternate engineered designs, perhaps using
existing equipment, to achieve the required decontamination.

7.1.3.2 FYO00-Results

During FY 00, Hobbs conducted a review of available literature for data related to a number of
actinide and Sr removal technologies.*® This evaluation recommended the following sorbent
materials for further testing to determine the rate and extent of removal: sodium nonatitanate in
the form under development by Honeywell Performance Polymers and Chemicals (Morristown,
NJ); SrTreat produced by Selion OY (Finland); CST in various forms; and pharmacosiderites as
developed by Abe Clearfield (Texas A&M University). The report aso recommended
evaluating precipitation with Sr**/Ca?*/NaMnO,. The study recommended not pursuing any
testing of liquid/liquid extraction and polymer filtration methods in FY01.

A review of the use of sodium nonatitanate began in FY00. Hobbs evaluated the performance of
three samples of the material relative to Sr and actinide removal.** Poirier evaluated the same
samples to determine the influence on cross-flow filter performance.'®

Physical and chemical characterization indicated that the three samples exhibited similar particle
volume distributions, which proved larger than that measured for the reference MST materia. In
Sr and actinide removal testing, the samples exhibited lower removal capacities than MST.
Removal rates appeared similar after 24 hours. Review by Clearfield of the x-ray analyses for
the ST suggests that the Honeywell samples represent a poor conversion of the sorbent to the
desired structure and appear atypical of the material that the Honeywell production should yield.
Based on these data Hobbs recommended additional testing to measure removal kinetics during
the first eight hours of contact between the solution and sorbent. He also recommended that
further testing of ST samples proceed only upon documented evidence that future samples
exhibit the structure expected for the synthesized sorbent as determined by x-ray diffraction.

Bench-scale dead-end filtration tests used 5.6 M sodium, average salt solution containing 0.6 g/L
simulated sludge, and 0.55 g/L M ST or sodium nonatitanate. Testing identified no correlation
between MST or sodium nonatitanate particle size and filter flux. Any potentia filtration gains
from differences in particle size between the MST and sodium nonatitanate appeared offset by
changesin filter cake porosity. The dispersion of the particle size for these samples likely
contributes to this behavior. The sodium nonatitanate particles produced marginal improvement
in filter flux (~30%). The rate of improvement in filter flux proves less than previous gains
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obtained through the addition of chemical additives to improve performance. The marginal
improvement would not appreciably reduce equipment size.

7.1.3.3 FYO01—Current Work

During FY 01, the SPP aphaand Sr removal program will contract Abe Clearfield (Texas A&M
University) to assist in the formulation of improved sorbents for actinide removal. Clearfield
will examine variants of the MST formulation and synthesize other titanate compounds for
evaluation. The study will also include structural analyses and measuring equilibrium isotherms
for the sorbents.

Hobbs (SRTC) will perform batch tests contacting newly developed sorbents with simulated
waste containing the radionuclides of interest. This testing will continue and expand upon
testing of sorbents and aternate technol ogies recommended in the FY 00 evaluation.*®

By mid-FY 01, the program should collect sufficient information to determine whether an
alternate sorbent or technology appears viable as a replacement to the baseline material (MST).
If no promising candidates exist, the program may elect to pursue development of an engineered
form of the MST suitable for application in an ion exchange column configuration. The
engineered MST will be synthesized using various techniques commonly employed for this
purpose. The approaches will use the combined expertise of resources available to the program
to select the most promising synthesis routes. Researchers will conduct screening tests on the
selected materials.

Depending upon final definition of scope, a portion of this work may include collaborative
efforts by Dr. Jack Collins (ORNL).X® Collins previously attempted development of an
engineered form of MST and the program may elect to continue those earlier studies.

7.1.4 MST Filtration and Settling (Alpha SOWM 6.2.1, 6.3, 6.5.3)

7.1.4.1 Previous Results

Each process option requires an operation that separates solids from the liquid. The precipitation
process removes the Sr and actinide sorbent concurrently with the organic Cs-bearing solids
during filtration. Extensive information exists related to the use of cross-flow filter technology
for the separation of TPB solids with entrained MST and sludge. The testing information
extends from small laboratory equipment to full-scale process equipment used during processing
of nuclear waste at SRS. The publication by Peterson et al.!” indicates the depth of knowledge in
this area, and includes fundamental discussions of transport phenomenon and filter cake
formation. The continuing apha and Sr removal program requires no additional studies related
to solid-liquid separation for the precipitation process.

The extensive core competency and existing process facilities at SRS led in part to the decision

to use cross-flow filtration to achieve the solid-liquid separation in the ion exchange and solvent
extraction process options. Previous studies throughout the DOE complex also identified this
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technology as the best option for removing sludge from HLW.*® Numerous studies demonstrated
the efficacy of the technology to treat sludge wastes for several radioactive wastes at sites such
as the Oak Ridge Reservation, Hanford Site, Idaho National Engineering Laboratory, and within
Russia 192021222324 Hence, the program selected cross-flow filtration as the technology to
achieve solid-liquid separation in all three process alternatives. Research concentrated on
understanding the settling and suspension behavior of mixtures of the MST combined with
simulated sludge. Studies examined gravity settling and suspension characteristics of the solids
as well as cross-flow filtration of the durry.

Tests by ORNL staff examined the rheology, settling, and resuspension characteristics of
MST/sludge slurries in both laboratory and pilot-scale experiments.® The tests demonstrated the
relative ease for resuspending settled Slurry at pilot scale after settling for 14 days, although the
data suggested that not all the MST suspended during these tests. In contrast, after 60 days
settling time, ORNL personnel could not suspend all of the slurry even at an impeller tip-speed
of 300 m/min. Storage of M ST/sludge mixtures at 80°C for as little as three days dramatically
increased yield stress and consistency. After 60 days of storage at 80°C, the yield stress
increased by a factor of 300 and the consistency by afactor of 30. These results indicate the
need to cool the settled MST/dludge to assure subsequent suspension for further processing. Asa
result of these findings, the program altered the conceptual designs for the downstream tanks
(i.e., pump pit tanks and processing tanks). The design added coils and high powered/high tip-
speed agitators to ensure suspension of settled MST/sludge solids.

The ORNL personnel developed a Computational Fluid Dynamics model to simulate the
suspension of dudge and MST testsrun at ORNL. The test design facilitated the modeling by
including a velocity meter positioned in the tank near the intersection of the side and bottom
walls. In steady state, the model provides good agreement between the calculated velocity and
that measured during the test. This finding gives confidence that the calculation adequately
represents the physical phenomenain the tank. The calculated velocities in the tank appear
rather low, raising substantial doubt that this design would provide adequate suspension in a
large tank. Previous analyses of the large waste tanks in the HLW System demonstrated that
even with 150 hp slurry pumps the in-tank velocities were too low to suspend a MST sludge.?®
This experimental evidence points to the impracticality of using an existing waste tank as the
actinide removal facility with MST as the sorbent.

Previous work also investigated the influence of the relative concentration of MST to sludge as
well as the effect of chemical additives on the filter flux observed for sludge slurries.?”?® The
tests with additives attempted to increase the low processing rate observed for cross-flow
filtration in the absence of the tetraphenylborate solids by adding selected flocculating reagents
or filter aids. The testing demonstrated only marginal success and, based on results to date, the
ion exchange and solvent extraction processes designs each require a larger filtration surface
area
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7.1.4.2 FYO0O0-Results

Cross-flow filter testing in FY 00 included tests at the University of South Carolina (USC) with
equipment representing about ~1/20" scale — (based on filter area) — of the filter used in the ITP
facility at SRS.?° The testing measured flux rate using a slurry consisting of simulated sludge —
representing a blend of SRS wastes —and MST. The investigation studied the influence of axial
velocity, transmembrane pressure, and concentration of solids on cross-flow filter flux. In
general, the measured flux equaled or exceeded the value determined in smaller scaletests. The
authors used the data from the entire range of operating conditions studied to develop a model
for predicting performance. The model includes three terms representing pressure driven flow,
resistance of dlurry concentration gradient to transport, and resistance of the filter media. The
simple three-term equation reliably reproduced the data from widely divergent operating
conditions.

Latein FYQO, Poirier started additional experiments to examine the use of flocculating agents or
filter aids to improve separation efficiency.>® The studies examined individual additives and
blends based in part on past experiments and using recommendations from various consultants.
Testing late in the fiscal year (not yet formally documented) identified six promising additives
coming from two different commercia suppliers. In dead-end filtration tests to screen
effectiveness, flux increased as much as fourfold with minor amounts of additives. Flocculation
proved rapid and highly effective.

7.1.4.3 FYOl-—Current Work

Work to date has established that cross-flow filtration can achieve satisfactory performance rates
for the CST and CSSX options, but at the cost of greater filter area, larger tanks, and more
powerful pumps. In contrast, the filtration equipment for the STTP option falls well within the
range of equipment previously deployed at SRS for treatment of radioactive waste. The program
focus for cross-flow filtration will thus include work to increase the confidence in the previous
data set by collecting additional information for a variety of smulated and actual udge wastes.

Testing will continue at USC during FYO1. The tests will examine the filter flux for two sludges
with varying amounts of MST. The two sludges will simulate the two primary types of waste
stored at SRS. Testing will also include experiments without any added MST. This option
represents the process configuration should alternate sorbent development or in-tank application
of MST with subsequent settling and decanting proves viable. Finally, testing will examine the
improvement gained by adding the most promising flocculating agents based on laboratory
testing.

The contract with USC also provides funds to procure and install a device that allowsin situ

measurements of particle size. The size and attrition of particles during filtration partialy
determines filter performance. Researchers will attempt to correlate flux with particle size data.
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All existing filtration data for MST and sludge slurries (absent TPB) come from tests with
simulated wastes. During FY 01, Poirier will conduct filtration tests using several actual waste
samples. The tests will measure flux rates at the range of anticipated solids content for the
processes. One experiment will examine the influence of the most promising flocculating agent
on flux. These tests will also measure the rheology of the slurries and perform thermal analyses
to understand the behavior of solids as aresult of radiolytic heating during extended storage.
(An FY 99 study by Taylor and Mattus®® demonstrated that under such conditions the viscosity
and yield stress of simulated durries increased.) The thermal analyses will provide insight into
the nature of the chemical interactionsif this behavior also occurs with real waste.

Another activity will continue the investigation of chemical additives to improve the settling and
filter performance for mixtures of MST and sludge. Researchers will examine the improvements
gained in flux for cross-flow filters. The work will include a university or industria contract to
develop and identify promising chemical additives. SRTC personnel will examine the most
promising candidates by measuring filter performance or settling with ssmulated or real waste as
deemed appropriate. The real waste test will occur after completing an evaluation of the
chemical additive for compatibility within the vitrification process. Also, SRTC personnel will
perform initial radiolytic stability measurements of any selected organic reagents. Compatibility
studies for the additives within the integrated waste processing system will start as appropriate.

7.1.5 Feed Clarification Alter natives (Alpha SOWM 6.2.3, 6.5.1, 6.5.2)

7.1.5.1 PreviousResults

The DOE requested that the SRS HLW program perform a feasibility study to examine the use of
current site facilities for implementation of the Sr and actinide removal process. WSRC
performed a study to examine the economics associated with using the existing filters from the
ITP or Late Washing Facilities for this option, as well as the use of in-tank processing for the
MST sorbent.3* The study deemed the existing infrastructure and slurry transport equipment
inadequate to achieve the process objectives in any viable fashion. The DOE judged the study as
unnecessarily limited in scope because it did not consider the use of aternate sorbents.’

7.1.5.2 FYO00-Reaults

During FY 00, Poirier conducted an evaluation of alternate methods for achieving the required
separation of solids from liquid.®* The TFA-funded solid-liquid separation study conducted in
1995 was used as a starting point for conducting the review of technical literature. The review
also included discussions with vendors, as well as soliciting guidance from researchers at SRTC
and within the DOE complex who possess extensive experience in solid-liquid separation.
Finally, the author coordinated a workshop with representatives from SRTC, SRS HLW, SRS
Solid Waste, and the academic community on the specific application of interest. Based on the
findings, Poirier recommended evaluation of several alternate solid-liquid separation
technologies for removing sludge and MST from HLW salt solutions. In continuing work in this
area, primary focus should remain on identification of chemical additives (e.g., flocculating
agents) that will improve the performance of the cross-flow filters. Other work should
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investigate settling and decanting followed by polishing filtration (both cross-flow and dead-
end). Thistesting requires a large volume of continuous fresh feed and will examine
improvements in filtration by combination with the addition of flocculating additives. |f
flocculation with cross-flow filtration proves ineffective, SRTC should investigate high shear
filtration (using a centrifugal filter or VSEP filter) as well as flocculation in combination with
centrifugation.

During FY 00, SRTC performed a systems evaluation study of alternate equipment configurations
for the alphaand Sr removal portion of the ion exchange and solvent extraction processes.*®
Their report documents evaluation of nine different processing configurations, all using cross-
flow filtration and sorption by MST as the implementing technologies. The team evaluated the
relative value of the different configurations using criteria of facility size, process complexity,
impact on equipment size, technical maturity, and process flexibility. The study recommended a
preferred facility design that adds a filter feed tank and separate filter for washing of dudge and
MST solids. This design change allows continuous filter operation and, thus, use of the smaller
filters and smaller capacity filter feed pumps.

7.1.5.3 FYO1—Current Work

Based on recommendations from Poirier’s survey of available aternate technologies for solid-
liquid separation, in FY 01 the program will pursue testing of three alternate technologies:
centrifugation, vibratory enhanced cross-flow filtration, and dead-end filtration. Centrifuge tests
will make use of prototype equipment leased from a vendor. The investigation of vibratory
enhanced cross-flow filtration will occur via a subcontract to a commercial vendor of this
technology. The dead-end filter tests will likely occur at SRS using procured equi pment.

FY 99 testing suggested that addition of a settling tank would improve solid removal efficiency,
reducing the burden on the cross-flow filters. However, the test data only included short
duration tests with a limited total volume of slurry. During longer operation times, the added
solids may negate the gains observed. FY 01 extended duration tests will use simulated wastes
under more typically expected facility conditions.

7.1.6 On-Line Effluent Monitor (Alpha SOWM 9.0)

7.1.6.1 Previous Results

The various process options will use an at-line (or on-line) monitor to verify that radionuclide
concentrations in treated streams satisfy regulatory requirements for final disposition of the
decontaminated HLW.

Table 7.1 presents a predicted clarified salt solution composition based on feed solution and the

estimated process effectiveness. For the ion exchange and solvent extraction process options, the
clarified salt solution from Sr and actinide removal operation serves as feed to the Cs removal
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process. In contrast, the precipitation process generates the DSS defined in Table 7.1. In the
CSSX process, small amounts of organic solvent may enter the DSS as a result of carry over of
the organic phase from the stripping operation.

Table 7.1 Predicted Radionuclide Concentrations

Radionuclide Soluble Feed | Decontaminated Salt Clarified Salt
(Ci/gal) Solution nCi/g Solution (Ci/gal)
(SPF WAC Limits)
Sr-90 3.28E-02 4.00E+01 5.60E-04
Cs-137 1.34E+00 4.50E+01 1.12E+00
U-232 3.79E-8 N/A 1.76E-08
U-234 2.44E-08 N/A 1.14E-08
U-235 1.96E-09 N/A 9.12E-10
U-236 3.34E-09 N/A 1.55E-09
U-238 1.26E-07 N/A 5.86E-08
Np-237 6.50E-08 3.00E-02 5.44E-08
Pu-238 8.439E-04 N/A 3.50E-05
Pu-239 7.40E-05 N/A 3.07E-06
Pu-240 1.82E-05 N/A 7.54E-07
Pu-241 3.73E-04 2.00E+02 1.55E-05
Pu-242 9.68E-09 N/A 4,01E-10
Am-241 1.48E-04 N/A 1.24E-04
Am-242m 1.84E-07 N/A 1.54E-07
Cm-244 3.16E-05 N/A 2.65E-05
Cm-245 2.107E-9 N/A 1.76E-09
Total Soluble Alpha 7.55E-03 2.00E+01 6.32E-03
Co-60 2.27E-05 6.00E+00 2.27E-05
Ru-106 4.84E-04 1.28E+02 4.84E-04
Sh-125 2.88E-04 7.60E+01 2.88E-04
Sn-126 5.30E-05 1.40E+01 5.30E-05
Eu-154 6.50E-05 1.60E+01 6.50E-05
Notes:

1. Ba-137m and Y-90 exist at equilibrium concentrations in the feed, but may exist
at other relative concentrations in the other process streams.

2. The Saltstone Processing Facility Waste Acceptance Criteria specifies
concentrations in nCi/g; the higher density of decontaminated salt solution from
the IONSIV® IE-911 and CSSX processes allow higher volumetric concentration
limits for these two processes.

Note that the alpha and Sr removal process inherently sorbs various elements at different
efficiencies and will change the relative distribution of radioactive elements. However, none of
the proposed processes affect the isotopic distribution of any element. Also, the barium daughter
product from radioactive decay of Csand the Y daughter of Sr decay exist at equilibrium
concentrations in the feed solution. The Cs removal operation will not likely remove these
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elements to any significant degree. For MST, previous findings at Sandia National Laboratory
on related compounds show some affinity for Csand Y. Additional research and testing will
eventually determine how these process steps affect these contaminants.

Previous work at PNNL developed the technology for the analytical monitor and provided initial
prototypes of equipment for testing at the Melton Valley demonstration, Oak Ridge National
Laboratory. This program seeks to adapt that technology to the more rigorous industrial
standards needed for the longer term, higher-risk mission at SRS.

7.1.6.2 FYO0O0-Resaults

Personnel constraints limited work on this task in FY 00 to providing a specification to request
bids on a prototypical effluent monitor.3**® The specification documents provide the
requirements for the design of a prototype monitor to meet the requirements of any one of the
three Cs-removal process alternatives. The prototypical monitor will receive testing during
process demonstration of the selected Cs-removal technology.

7.1.6.3 FYO1l—Current Work

In early FY 01, the program will solicit vendor bids to design and fabricate a prototype analyzer
for testing. Two separate groups, both a contractor-led (i.e., WSRC) team and an independent
consultant, will evaluate the bids in parallel. In addition to reviewing the vendor proposals, the
consultant will evaluate the design concept and proposed deployment approach for the analyzers.
As part of that review, the consultant will assess whether the analyzer technology merits
additional research. Based upon the combined reviews, the program will reach a decision
whether to proceed with procurement of the prototype analyzer or conduct further research.

7.2 CST Non-Elutable lon Exchange

The proposed ion-exchange process employs CST sorbent to remove Cs from the salt solution.

In this process, durry of MST isfirst added to the waste to sorb Sr, Pu, and other actinides. The
resulting slurry is then filtered to remove insoluble MST and any entrained sludge in the waste.
The insoluble solids are washed and an agueous durry of the solids is then transferred to the
DWPF for incorporation into borosilicate glass. The clarified salt solution (from filtration) flows
through a series of CST columns to remove the Cs. Because Cs cannot be easily recovered by
elution, Cs-loaded CST will be transferred to the DWPF. There it is combined with the
MST/dudge durry, washed sludge from the Tank Farm, and frit, to produce borosilicate glass.
The DSSis transferred to the Saltstone Facility and processed into a solid LLW for on-site
disposal.

7.2.1 R&D Roadmap Summary — CST Non-Elutable lon Exchange
For each salt processing alternative, science and technology questions and issues exist. These

guestions must be answered and issues must be resolved to complete the design and construction
activities in atime frame that allows HLW tanks to be decommissioned in accord with
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compliance agreements with the State of South Carolina and the EPA. SRS personnel worked
closely with the DOE Office of Science & Technology through the TFA to develop the SPP
R&D Science and Technology Roadmap. This roadmap outlines the technical studies and
demonstrations necessary to provide to the designers, operators, and DOE management the
information necessary to proceed through key decision points of the project for the CST Non-
Elutable |on-Exchange process.

For CST Non-Elutable lon Exchange, the key issues are Cs removal kinetics as a function of
temperature and waste composition, gas generation in the ion-exchange columns and column
design parameters, sorbent sampling and handling, and glass requalification. The chemical and
thermal stabilities of the CST sorbent, in addition to Cs-loading capacity, affect its ability to
reduce the Cs concentration in the DSS to that required for disposal in saltstone. The large
columns defined in the preliminary facility design (5-ft diameter by 16-ft high) result in the
accumulation of large quantities of radioactive Cs (severa million curies), which raises issues
concerning the effect of gas generation on Cs-sorption and requires extensive shielding to protect
personnel. During ion exchange operations, hydrogen, oxygen and other gases are generated,
posing potential safety and operational concerns. Potential modification of the feed preparation
slurry sampling and agitation systems to maintain feed homogeneity requires that the CST be
reduced in size before addition to the slurry. Immobilization of the loaded CST in borosilicate
glass occurs in the DWPF. The new glass formulation requires requalification for the higher
TiO» loading and revision of the existing glass durability correlation.

Achieving critical project decision milestones requires completion of the science and technology
activities. Failure to meet technology insertion milestones in the integrated project schedule will
delay startup of the salt removal process. Thiswill result in inadequate tank storage space,
jeopardizing operation of the DWPF and other SRS missions and impacting significantly the
ability for SRS to support the complex relative to new missions.

This science and technology roadmap (Figure 7.2), a subset of the overall SPP roadmap, defines
needs in the following three basic categories:

Process chemistry,
Process engineering, and
HLW System interface.

Process chemistry includes data on thermal and hydraulic transport properties, reaction kinetics,
and mass transfer properties that are needed to finalize the conceptual design. These data are
used to establish the physical and engineering property basis for the project and detailed design.
Examples of key decisions resulting from these activities include determining the final
composition of the engineered form of the sorbent and developing a pretreatment method for it,
confirming the baseline column design, and measuring the chemical and thermal stability of the
sorbent. Process engineering includes thermohydraulic transport properties that affect the
manner in which the CST particles are transferred from the ion-exchange columns to DWPF,
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Figure 7.2 Science and Technology Roadmap for CST Non-Elutable |on Exchange Cs Removal Process
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sampled in the CST/dudge/frit durry, and fed into the melter. HLW system interface refers
mainly to ensuring that these steps are carried out properly such that the desired glass quality is
maintained.

Physical property and process engineering data from engineering scale tests will be developed
during the conceptual design. Confirmatory performance data will be developed during unit
operations tests to support preliminary design. These data are needed to resolve issues related to
equipment sizing, specific equipment attributes, materials of construction, and operational
parameters such as pressure drop and requirements for temperature control. A key deliverable
for this phase is demonstrating that the individual components will function as intended in
support of establishing design input for the final design stage of the project.

Integrated pilot-facility operations will be completed during final design to confirm operation
under upset conditions. This will establish the limits of operation and recovery, the limits of feed
composition variability, and will confirm design assumptions. This testing directly supports
development of operating procedures, simulator development and operator training.

Additional development and testing during the conceptual design phase will help assure proper
feed and product interfaces of the Cs-removal process with the HLW Tank Farm, DWPF and
Saltstone. The issues of concern include assurance of glass qualification, waste feed blending
and characterization, and waste acceptance.

Detailed logic diagrams that illustrate the various R&D activities, their interactions, and decision
points are presented in Appendix A.

7.2.2 CST Column Performance

7.2.2.1 Refinement of the Model (CST SOWM 5.2)

The purpose of thistask isto construct a mathematical model that can be used to predict the
performance of a plant-scale column of CST sorbent. The model can then be used to give an
accurate indication of the operating parameters required for efficient removal of Cs from the
processed salt-waste stream.

7.2.2.1.1 Previous Results

Researchers from Texas A&M University, Purdue University, ORNL, and SRS used existing
information about the performance of CST to predict the expected length of the Mass Transfer
Zone (MTZ). Previous studies measured Cs distribution on CST samples of the powder fornt®
and the engineered form.’

Research®® was performed to determine the performance of CST in column application using
SRS smulated waste to determine agreement with the ZAM computer model. Results of the
tests indicated that Cs removal in two column tests at moderately rapid flow rates (0.98 and

4.1 cm/min superficial velocities) matched Texas A&M predictions. However, the ZAM model
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incorporated a 30% reduction in Cs capacity at the higher flow rate to match the data whereas the
observed Cs removal surpassed model predictions at alower flow rate (0.27 cm/min).

The mathematical model utilized in the smulations is a model of flow through a porous medium
that takes into account competitive sorption, bulk convection, axia dispersion, film mass
transfer, and pore diffusion. Since surface diffusion effects are not evident from the available
data, the pore diffusion model is used in this analysis. The numerical solutions of the governi ng
equations and boundary conditions are performed by the VERSE simulation package.®® This
model has been validated in many previous studies.*® The pore diffusion model assumes
uniform spherical sorbent particles, local equilibrium within the sorbent and constant
diffusivities.

Walker et a.* checked the constructed model by performing ion-exchange experiments at three
different superficial velocities in small (1.5 cm x 10 cm) columns. Experimenta data agreed
with the predicted column performance from a VERSE computer model with the exception of
the column run at a superficial velocity of 4.1 cm/min. In this comparison, the experimental
breakthrough of Cswas much faster, reaching 95% of the feed concentration after only 120
hours. The best computer fit to this data was obtained by reducing the capacity of the CST by
30%.

Therefore, Wilmarth et a.*? evaluated a number of the possible sources of the discrepancy
between model predictions and experimental results obtained by Walker et al. Tests examined
the effect of contact with humid air during pretreatment, lot-to-lot variance, aspect ratio and
superficia velocity. The most conclusive evidence suggests lot-to-lot variance as the leading
cause of the deviation. CST lot #96-4 shows a dynamic capacity approximately 30% below
other lots of CST. Additionally, results from collective tests of column performance indicate the
VERSE model can adequately predict full-scale column performance.

Two additional column experiments showed CST performance degraded at only slightly higher
superficial velocities. At velocities 75% higher than expected plant velocities, measured Cs
breakthrough showed a 15-40% deviation from VERSE model predictions. Lastly, the presence
of organic constituents (e.g., dibutylphosphate and tributylphosphate) exhibited little or no effect
on column performance over the limited duration tested.

Another major aspect of prior research evaluated the adequacy of the column design for real
waste application. Walker et al.*® verified column capacity and kinetic data obtained using
simulated waste with those obtained using radioactive waste. Testing of radioactive waste also
allowed confirmation of model predictions for a full-length column.

Testing indicated that 1E-911 effectively removes Cs from SRS radioactive waste. All of the
treated waste met Saltstone process requirements for Cs-137 (<45 nCi/g). Cs-137 loading in this
test reached 376 Ci/L on the loaded 1E-911, producing an estimated dose rate of 0.12 Mrad/h, or
15% of that expected in process operations. Comparison of test datato ZAM model predictions
of 1E-911 performance suggests intra-particle diffusivity may exceed previous estimates. Cs-137
removal exceeded predictions through most of the test at sampling points located 10, 85, and 160
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cm down the 160-cm column. Additionally, Cs-137 removal after 10 cm exceeded predictions
for the first 50 hours of the test and lagged the prediction for the remainder of the test.

The predictions and regression of the ion-exchange performance using the VERSE model, and
the equilibrium data from the ZAM (Texas A&M) model, suggest the need for additional studies
of the pore diffusivity for IE-911. The value of diffusivity required in this study to improve
agreement between predictions and measurements exceeds that expected based upon viscosity
measurements and literature correlation.

7.2.2.1.2 FYO0O - Results

In FY 00 column experiments, alkaline-earth metals, carbonate, oxalate, and peroxide ions were
passed through a column loaded with 1E-911 to obtain equilibrium measurement data for various
ionic congtituents. These measurements enabled the refinement of mathematical coefficients for
the ZAM model used to describe the influence of various ionic constituents on column
performance. Thiswork was done at SRTC in collaboration with Professor Ray Anthony of
Texas A&M University, who also assisted UOP in refinements to the CST manufacturing
process, consulted on other aspects of the column testing, and participated in periodic reviews of
collected experimental data (see sections below).

Results of these studies showed that Cs loading on IE-911 increased with carbonate content in
the simulated salt solution. Over the range of concentrations expected in SRS waste, the Cs
loading increased by several percent. The variance likely resulted from a shift in Na activity in
the solution due to increasing carbonate concentration. Next, the researcher ran the ZAM
mode!** to test if activity coefficient changes brought about by introducing carbonates into the
salt solution would replicate the experimental observation. The predicted Cs distribution
coefficient (K g) values increased with the carbonate content in the salt solution. Thisresult is
consistent with the ZAM model predictions.

In addition, removing oxalate from simulated “average”’ salt solution had no effect on Cs
loading. Further verification that oxalate has no effect was obtained by performing similar tests
with IE-910. Likewise, results from ZAM modeling indicated no effect on Csloading (2106
versus 2260 mL/g). In fact, increasing oxalate concentration up to 0.1 M in the ZAM model had
only avery small effect on Csloading.

Finally, two sets of experiments conducted simultaneously showed that peroxide decreased Cs
loading on 1E-911 by severa percent. In one experiment (called the “placebo”), researchers
injected an “average” salt solution containing 0.005 g/mL of 1E-911 every five hours with 100
nL of distilled water. In the other experiment, personnel injected an “average” salt solution
containing 0.005 g/mL of 1E-911 every five hours with 100 L of 50 wt% peroxide solution.
The peroxide concentration, as determined by permanganate titration, equaled 0.13 M
immediately after injection. The peroxide concentration decreased to 0.0034 M five hours later.
Both sets of experiments occurred on the same shaker and the experimental measurements were
repeated twice. The datafor IE-911 indicated a higher Cs loading in the placebo test relative to
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the peroxide test. However, the estimated peroxide concentration in average SRS waste is 2.6 x
10°® M. At this concentration level, no peroxide effect is expected on Cs loading.

Solubility studies of carbonate and oxalate anions were also performed. A temperature-
composition solubility phase diagram was developed for average, high-nitrate, and high-OH
simulants. The current ORNL and OLI model of carbonate-oxalate solubility was updated. The
composition of precipitates resulting from the solubility test were determined. The results
showed that the carbonate concentration in the wastes could be increased (i.e., saturation in
carbonate was not achieved). On the other hand, the oxalate concentration in the wastes was
very low compared with other anions and was at the limiting value.

The results of this work, published in atechnical report™ indicate that carbonate, oxalate, and
peroxide should have little effect on the performance of the CST columns. Carbonate, which is
present in the waste owing to the absorption of CO, from air, will enhance Cs sorption if it has
any effect at all. Oxalate, which is added to the waste in cleaning solutions, has little effect on
CST performance. Finally, peroxide - although it does exert a detrimental effect on CST
performance at relatively high concentrations - is expected to be present only at a micromolar
level in the actual waste. Therefore, no effect from the presence of such low levels of peroxide is
anticipated.

7.2.2.1.3 FYOl- Current Work

In FY 01, an evauation of the ZAM model versus the compiled column data will be published in
atechnical report. The model will be changed to report activities of ions in order to bring the
predictions into better agreement with experimental results. In addition, the water content (15%)
of CST will be adjusted in the ZAM model in order to more accurately reflect its measured value
(4-5%) inCST.

Additionally, an evaluation of various SRS tank wastes will be performed during FY0l1. The
purpose of these testsis to catalogue the Cs removal efficiencies of the currently marketed CST
versus the chemical composition of F- and H-Areawastes. The results will be compared with
those predicted by the refined ZAM mode.

7.2.2.2 Alternative Column Configuration (CST SOWM 8.1, 8.2)
7.2.2.2.1 Previous Results

Some questions and concerns about the CST inorganic ion-exchange process are related to
equipment design and operation. Among these concerns are issues associated with alarge CST
ion-exchange column which, when fully loaded with Cs, will produce substantial quantities of
decay heat and radiolytic gases that require removal.

The design strategy for the CST process stipulates an array of three operating columns with a

fourth column held in reserve. Feed from the alpha and Sr removal process is fed into the first
(lead) column. The sorbent removes Cs until it becomes fully loaded, creating a saturated region
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at the top of the column. The mass-transfer zone (MTZ2), i.e., the region in which the Csis being
loaded, travels down the column. Fresh sorbent remains near the bottom of the column. The
effluent from the first column is fed into the second (middle) column. The second column
begins to sorb Cs when the MTZ reaches the end of the first column and stretches into the second
column. The first column is removed from the train when it becomes nearly fully saturated (to
90% breakthrough), at which point the second column becomes the first column, the third
(guard) column becomes the second column, and the fourth (reserve) column becomes the third
column. The first column has the loaded CST removed by water sluicing and is reloaded with
fresh CST. Then this column remains in standby until needed.

This design strategy (first column to 90% break-through) minimizes the amount of CST
incorporated in the borosilicate glass, thereby minimizing the number of canisters of glass
produced. The length and the diameter of the column are dependent upon the removal
characteristics of the CST (MTZ) and the required waste throughput. Some trade-off existsin
these three parameters.

7.2.2.2.2 FYO00-Results

This work was postponed until FY 01.
7.2.2.2.3 FYO0l —Current Work

Savannah River Design Engineering (SRDE) will evaluate different column designs and
configurations with the goal of minimizing complexity and cost while providing for optimum
performance of CST. The design strategy for column configuration will be re-examined to
determine if the 16 X 5-ft column can be replaced by a different configuration that provides for a
shorter service lifetime and/or a smaller volume for the columns.

The proposed facility at SRS uses a traditional carousel arrangement of large, fixed-bed ion-
exchange columns. Alternate column configurations using designs such as the “Higgins Loop”
or simulated moving beds and a fluidized bed offer potentia reductions in safety source term, but
at the expense of added equipment complexity. Evaluation of aternative column designs and
configurations will continue as needed, with input from industrial consultants that have extensive
experience with such alternative column designs. The industrial consultants will provide
technical support to evaluate the alternate column configurations. If warranted, a vendor test for
proof of principle will be conducted based on preliminary design(s) and required performance
provided by the aternate-column-configuration team.

Removal of heat generated by the decay of sorbed Cs becomes an important issue when the
liquid flow to the column is stalled. Industrial consultants will provide assistance in the
evauation of different column designs and configurations that provide good heat management
with minimal impact on operational complexity. That is, the design must permit easy CST
addition and unloading, minimize accumulation of gases, minimize pressure drop, and avoid
plugging of collector systems while providing good heat removal. The general steps are to
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identify heat removal concepts and systems and evaluate potential impacts to system operability
and costs.

Cooling systems for the column will be designed to remove heat associated with the b-decay of
Cs-loaded ion exchanger. In support of this activity, tests and calculations are being performed
to determine heat-transfer coefficients for fixed beds of Cs-loaded CST. The thermal
conductivity of CST and a mixture of CST with waste smulant will be measured with a Hot
Disk Thermal Constants analyzer. Using these thermal conductivity values along with literature
data and column design information, the heat transfer coefficients for various combinations of
CST, liquid, and gases will be calculated. Thus, thermal conductivities of (a) the equivalent of a
settled CST bed immersed in salt solution and (b) the equivalent of a settled CST bed wetted
with salt solution and drained of free liquid are being measured. For these measurements, a
guantity of CST is being aged in simulated salt solution, and the thermal conductivity of the aged
material will be measured. These datawill be compared to similar data previously obtained on
fresh CST to ensure that no significant differences arise after aging. SRDE will use these results
to determine if further measurements are needed.

The results of thiswork will provide data that are expected to be useful in determining if itis
feasible to reduce the risk associated with the operation of relatively large ion-exchange columns
by employing columns of a different design. Although the concept of a“Higgins loop” is
attractive from the viewpoint of avoiding ion-exchange columns fully loaded with radioactive
Cs, the risks of such a design must also be considered. Some risks that have so far been
identified are the fate of fines, migration of the mass-transfer zone, and robustness of the CST
particles.

In addition, the replacement of the three large columns by several smaller columns was
examined. The consensus reached was that smaller columns would reduce the risk associated
with their use, but would produce a high degree of equipment complexity, especially during
column change-out, and would increase the footprint of the plant, thereby increasing costs.

7.2.3 CST Sorbent Stability (CST SOWM 2.0)
7.2.3.1 Previous Results

Leaching. The fundamental chemical and thermal stabilities of the IE-911 (engineered sorbent
consisting of CST particles and binder) in the highly alkaline environment of the SRS supernate
are important for understanding processing lifetime and downstream effects of leached
components. Results of the stability tests indicate that silicon (Si) and niobium (Nb) are leached
from the IE-911 along with minor amounts of titanium and zirconium (Zr). Discussions with
members of the UOP staff indicated that St and Nb exist in excess in the CST particles
(IONSIV® |E-910) at levels of 4 wt% and 1 wt%, respectively. The quantity of Si and Nb
leached, from the |E-910 in each of the salt solutions from the samples of 1E-911, do not exceed
the excess in the IE-910 precursor. The results of these tests suggest negligible leaching of
elements from the microstructure of the IE-911.
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Results from SRS and ORNL tests suggest that CST is interacting with some SRS waste streams.
There have been examples of discoloration of some waste streams and in one particular case, a
plug developed on top of the column during pretreatment with circulating NaOH. Material
discovered in the feed line during pretreatment of an IE-911 column for atest using actual waste
contained Nb. A test that irradiated I1E-911 in the presence of high nitrate solution showed solid
deposits with similar elevated concentrations of Nb.

Plugaging. During testing in FY99 at SRS and ORNL, personnel observed instances of column
plugging that were attributed to post-precipitation of aluminosilicates from the smulant. Also,
others (UOP and ORNL) have stated that dilution of real wastes must be performed with NaOH
to avoid gibbsite and aluminosilicate precipitation. It is necessary to develop an understanding
of simulant preparation and waste dilution that prevents post-precipitation that could cause
column plugging.

Csdesorption. Exposure of the IE-911 to salt solutions was conducted at elevated temperatures
(25°-120°C) and for long duration (2 months) to ssimulate severely abnormal process conditions.
The exposure resulted in aloss of Cs sorption capability. In addition, Cs desorbed from Cs-
loaded CST when heated with simulants at elevated temperature (up to 80°C). When the slurry
was cooled to room temperature, Cs sorption by the IE-911 was observed at lower levels than
before heating. Interpretation of the data suggests precipitation of salts from the solution or CST
phase changes as the most probable cause of the reduced adsorption.

Nitrate form. The chloride content in CST raises potential concerns regarding corrosion and
glass chemistry. Chloride measurements of CST demonstrated that water rinsing or caustic
washing of the CST prior to loading the CST columns reduced the chloride content, and hence
the corrosion risk. This washing step could occur at the vendor facility or in a non-radiological
portion of the processing facilities. Measurements for CST from small-scale Cs removal
columns showed insufficient chloride content to adversely affect glass chemistry. Ultimately the
vendor changed the synthesis of the CST so that chloride was replaced by nitrate, thereby
completely eliminating this concern.

7.2.3.2 Alternative Pretreatment of I1E-911 (CST SOWM 2.2.1.3, 2.3.1.2)

7.2.3.2.1 FYO00-Results

One method of avoiding downstream problems caused by leached components of IE-911 isto
pretreat the sorbent prior to use. An effective pretreatment regime would remove those leachable
components from 1E-911 that could possibly precipitate or mineralize during column operation.
Previous work in this area indicated that the observed column plug likely resulted from the
amphoteric behavior of one (or more) metal oxide(s) over the pH range likely to have been
experienced during the course of CST pretreatment with NaOH. This hypothesis was confirmed
by chemical analysis.

SNL personnel reviewed SRS and ORNL leaching results for the chloride form of 1E-911.
According to these results, scaled down tests in which 3M NaOH solution was recircul ated
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through a column packed with 1E-911 demonstrated that conditioning the ion exchange medium
could lead to column plugging. Analysis of the solid produced indicated a preponderance of Nb,
though other IE-911 components were detected in the solid as well. Exposing the plug to a fresh
3M NaOH solution caused the plug to dissolve slowly.

A column of CST (nitrate form) was prepared at SNL upon receipt of CST materials from UOP.
The column was pretreated with NaOH. Within one day of starting the pretreatment, solids
formed in the system and plugged the column. At the time of this writing, the solids are being
analyzed.

These results, published in an SRTC technical report*®, clearly indicated that an alternative
pretreatment process was required in order to remove excess materials of manufacture before
deployment of 1E-911 and reduce the risk of column plugging.

7.2.3.2.2 FYO1l—-Current Work

Solids formed during pretreatment of the CST column will be analyzed to confirm that Nb
leaches from the column and precipitates slowly.

Knowledge gained from the FY 00 activities provides a basis for scoping laboratory experiments
leading to a proposed alternative CST pretreatment process. SRS personnel will be consulted to
ensure that the proposed process is compatible with the CST treatment process flowsheet.
Existing studies suggest that the underlying cause of column plugging during pretreatment is that
recirculating 3M NaOH leaches Nb from the IE-911. Eventually, supersaturation is achieved
and a hydrous oxide of Nb precipitates. Thistask will quantify the degree of supersaturation
needed to initiate precipitation, and then monitor the kinetics of the precipitation reaction. It can
be expected that the precipitation rate will depend on solution chemistry, in particular the
solution pH. Thus, quantifying the pH decrease that results when basic solutions are exposed to
“asreceived”’ 1E-911 will be an important part of developing an overall predictive model for the
formation of the plugging material. SNL will perform laboratory leaching and simulant column
testing to confirm the effectiveness of the recommended pretreatment process, and will

document the work in atechnical report.

The results of this work are expected to produce an alternative pretreatment regime that will
reduce the amount of leachable Nb to alevel at which formation of a column plug will not be an
issue. The leaching behavior of Nb will be examined as a function of the pH of the pretreatment
solution in order to develop the optimum sequence of treatment. Development of a satisfactory
pretreatment regime that removes excess Nb and Si will greatly reduce the risk of using |E-911
in plant-scal e operations.

7.23



Tanks Focus Area PNNL-13253
SRS Salt Processing Project R& D Program Plan Revision 1

7.2.3.3 CST Chemical and Thermal Stability (CST SOWM 2.2, 2.3)

7.2.3.3.1 FYO00-Results
ORNL

Batch tests. One am of this work was to examine the possible role of salt solution on CST
degradation and its effect on performance of the third (or guard) column. The third column,
according to the current design basis, will be exposed to DSS for 6 to 12 months before it is
actually placed in service as the primary Cs-removal column. Testing to date has examined 7-
month exposures.

Another aim was to improve characterization data for the time-temperature and waste-
composition operating regime that provides acceptable CST performance. The underlying
mechanism(s) responsible for the non-absorption of Cs after heat treatment of 1E-911 should be
elucidated; two candidate mechanisms are phase changes of the CST and pore blockage by
precipitation.

ORNL staff members treated samples of 1E-911, in both the chloride and nitrate form, in batch
and flow-through column tests, with simulants at temperatures from 25-80°C. Experiments were
conducted to examine the effect of soluble Si and Al. The leaching and precipitation of
proprietary materials of manufacture during NaOH pretreatment and exposure to SRS waste
simulants were also examined.

Long-term (12-month) batch leaching tests using the average supernate simulant and high-pH
salt solution were initiated at ORNL to determine the effect of temperature and solution
composition on the leaching behavior of the CST. Samples were stored at temperatures of 25,
30, 35, 50 and 80°C. Samples of the solutions were analyzed periodically for dissolved metals to
measure CST leaching and precipitation of ssmulant components. Samples of the CST were
removed periodically and tested for Cs sorption, porosity, surface area, particle size and
elemental composition. Batch 98-5 CST (chloride form) was used for all of these test conditions
with the CST nitrate form and 1E-910 powder also tested at 25 and 80°C. A room-temperature
leaching test using average smulant and CST batch 98-5 was started in June 1999.

After storage for one month at 30, 35, 50 and 80°C, the CST stored in average, high-hydroxide
and high-nitrate simulants was weakly cemented together (the cemented CST was easily broken
up). All of the samples stored at 25°C, and the CST in the high-pH salt solution at all
temperatures, were still free flowing after one month. After two months, the samples stored at
25°C in the average, high-hydroxide and high-nitrate ssmulants were also cemented together.
During subsequent samplings, the CST that had been previously broken up did not reform into
clumps. The CST stored in the high-pH salt solution had not formed any clumps at any storage
temperature during the seven months testing period. CST fouling, which appeared as nodules on
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the IE-911 particles, was studied at SRTC in detail to determine the cause. The agent
responsible for this fouling was found to be an aluminosilicate.

Cesium-loading tests using CST samples from the batch leaching tests showed a drop of about
30% in distribution coefficient for the samples stored for one month or more at 80°C, compared
to samples stored at 25°C, for the average, high-hydroxide and high-nitrate simulant solutions.
The ratio did not change as the storage time increased. (Note: all of the Csloading tests were
performed at 25°C using average ssmulant that initially contained 50 mg/L Cs.) The high-pH
salt solution caused less of an effect.

These results indicated an initial (sometime during the first month) degradation in the Cs
sorption properties of CST asit contacted with supernate simulants at higher temperatures, but
no further change after that. The CST stored at moderate temperatures also shows adrop in Kqg
compared to the samples stored at 25°C (an average of 15% and 18% reduction at 30 and 35°C,
respectively). However, this apparent reduction in Cs sorption can be traced to the effect of the
added mass of aluminosilicate to the CST particles, which effectively “dilutes’ the amount of
active sorbent present.

The results suggest that a column will remain intact when kept in service for a period of months
and as it advances from the guard to the middle to the lead column. The deposition of
aluminosilicates on the CST particles will be addressed under Waste/Simulant Precipitation
Studies. The thermal stability of the CST particles will be investigated further in FY O1.

Column tests. Average concentration supernate simulant and high-pH salt solution were
recirculated separately through two small PV C columns containing pretreated CST batch 98-5 at
room temperature. The solution was continuously filtered before it entered the column. Samples
of the solutions were analyzed periodically for dissolved metals to measure CST leaching and
precipitation of simulant components. The solutions were replaced whenever the concentration
of any component changed by more than 10% or by more than 200 mg/L, whichever was larger.
Any solids that collected in the feed tank were quantified and analyzed before fresh solution was
placed in the tank. Samples of the CST were removed from the top, middle and bottom of the
column periodically and tested for Cs sorption, porosity, surface area, particle size, and

elemental composition.

The CST in the top of the average simulant column was clumped together when the first sample
was taken after one month. The CST throughout the column was lightly cemented together, and
tended to move up the column during backwashing. Light tapping on the column helped breakup
the clumps of CST and resettle the bed. Photomicrographs showed that smaller CST particles
and fragments tended to collect in the upper part of the columns.

The Csloading capacity of the CST from the column leaching tests was very consistent for the
three samples from each column, indicating no change in the Cs capacity of the CST aong the
length of the columns. The results for the two-month samples were unusually high, and out of
line with all of the other results, so these results probably do not represent an actual change in the
CST. The CST from the column using the high-pH salt solution did not show any consistent
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change in the Cs capacity of the samples, but the samples from the average ssmulant column
showed a dight decline over time. The distribution coefficient was 23% lower and the Cs
loading on the CST was 12% lower after 6 months exposure to the average simulant.

The ICP results for Al, S and Nb in the column feed solutions show that the Si concentration for
the average ssimulant column slowly increased and then decreased aong with the Al
concentration, indicating the precipitation of sodium aluminosilicate. The concentrations were
restored when the feed solution was changed, and the Al concentration remained constant since
that time. The Si concentration continued to change, but has not shown any consistent trend, so
this may just be analytical variation. For the column with high-pH salt solution, the S
concentration increased during the first ten weeks, but dropped back to the starting level when
the feed solution was changed. As with the results for the average simulant column,
considerable scattering was observed in the Si concentrations. The analysis of the origina
solution showed 500 mg/L Si, even though there was no Si in the high-pH salt solution, again
indicating considerable analytical variation. For both solutions the Nb rapidly leached from the
CST, up to an apparent solubility limit, each time new feed solution was introduced.

These results are consistent with those from the batch experiments. The reduced Cs-loading
capacity of the CST was demonstrated to result from the deposition of aluminosilicates on the
CST particles, which effectively increased their mass, diluted the active material, and caused
reduction in the capacity. The results indicate that CST should be stable for long periods in
contact with decontaminated salt solution, a situation that would occur if the three-column
baseline system were implemented.

SRTC

Heat treatment of CST (1E-911) in the range 25-80°C reveaed that Cs from simulants desorbed
at higher temperatures and only partially resorbed after returning the temperature to ambient.

The results from tests conducted at temperatures of 35 and 55°C provide a number of
conclusions. Pretreating the IE-911 with sodium hydroxide lowers the equilibrium distribution
coefficient, Kg, from 2323 + 72 mL/g to 2117 + 77 mL/g for average waste simulant starting
with a Cs concentration of 18 mg/L. Both of these values compare well with the Texas A&M
computer model (ZAM) for Csremoval in the average salt matrix. For the high-hydroxide and
high-nitrate solutions, the Ky value averaged 2551 + 136 mL/g and 1800 + 60 mL/g,
respectively. These agree with the 2500 mL/g and 1850 mL/g ZAM predictions for the high-
hydroxide and high-nitrate matrices.

Elevating the temperature to 55°C for a short duration (1 day) lowered the K4 measured at 25°C
by 7%. There was no effect on the K4 when the temperature was raised to 35°C. Data from tests
conducted with temperature excursion (55°C) of 14 days indicate a detrimental effect (20%
reduction) on Kg.

There was no loss in Kq at 35°C for the test conducted in average salt solution that did not
contain Si or Al. These data support the theory that the lossin Ky is related to aluminosilicate
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formation. The losses of Ky were largest in the one-half diluted average waste and in the high
nitrate simulant. In these tests, the loss of Cs Ky was 12.8 and 12.6%, respectively. Solid state
characterization of the CST surfaces showed formation of sodium aluminosilicate that can be
correlated to time at elevated temperature. The sodalite deposition, however, did not correlate
with the loss of Cs Kg.

L eached and heat-treated samples were examined at SRTC, SNL and PNNL by analytical
methods such as SEM-EDS, TEM, bulk elemental analyses by |CP, powder x-ray diffraction,
thermal testing (TGA/DTA), FTIR, surface area analyses (BET), porosity determination, and
solid state NMR. Test solutions were analyzed for the presence and composition of precipitates.
These studies provided insight into processes that may lead to leaching of excess materials from
the 1E-911, precipitation of mineralized materials in the interparticle fluid, growth of mineralized
materials on the surface or in the pores of 1E-911 particles, or causing phase changes of the CST.
The results clearly indicated that pretreatment produced cracks in the CST particles and that
precipitate filled these cracks, although these phenomena may be artifacts of sample preparation.
In addition, CST particles were coated with alayer of aluminosilicate approximately 1 micron
thick when stored in SRS waste simulants at €l evated temperatures.

SRTC developed a small-column test program to evaluate CST stability by measuring the
effluent profile for Al, Si, Nb, and Zr as afunction of feed composition. Concentrations of Al
and Si were observed to be related in a manner consistent with the precipitation of an
aluminosilicate, i.e., an increase in the concentration of one component resulted in a decrease in
the concentration of the other. In addition, Kq values of these samples were measured in order to
judge empirically the effect of various treatment regimes on the performance of 1E-911.

The mechanism for Cs binding of 1E-911 and TAM-5 was examined for SRS waste simulants.
No significant difference was found, indicating that TAM-5 and the 1E-910 used to prepare the
IE-911 were essentially the same material. X-ray diffraction patterns of the two materials aso
revealed no detectable difference. Representatives from UOP, who stated that the synthesis they
used to prepare |E-910 was identical to that used at Texas A&M University to prepare TAM-5,
supported these findings.

These results are also consistent with an apparent loss of K4 that may be related to the deposition
of aluminosilicate on the surface of the CST particles and the dilution of the active materia by
the added mass. The results also suggest that operating temperatures below 35°C will not have a
detrimental effect on CST performance.

7.2.3.3.2 FYO1 —Current Work
ORNL
Determinations of the chemical stability of CST continue at ORNL in FY01. Both batch and
column leaching tests will be conducted for afull 12 months. These tests will involve contacting

samples of CST with four simulant solutions at various temperatures, and analyzing the CST
once each month to determine any changes. An interim report on the long-term stability of CST
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(P. A. Taylor and C. H. Mattus, “Thermal and Chemical Stability of Crystalline Silicotitanate
Sorbent”, ORNL/TM-1999/233) has been issued.

The long-term flow-through column studies using NaOH and nitrate solutions will continue until
early 2001. Selected samples of CST from the batch-leaching and flow-through tests will be sent
to participating laboratories (e.g., PNNL, SNL) for additional analyses.

SRTC

Chemical stability tests of new CST samples generated by UOP will be conducted. These tests
will include batch measurement of Cs loading capacity in two simulant solutions (UOP-defined
and SRS-average) at ambient temperature. Batch tests of the Cs loading capacity will be
performed with real waste using the final material provided by UOP. Column tests will be
performed with the pre-production samples at ambient temperature. Leaching tests will measure
the amount of leached Si and Nb in batch and column mode. In addition, samples will be
characterized with respect to particle size, porosity and surface area. Other measurements will
employ vibrational spectroscopy, SEM surface imaging, and thermal analysis. Initiation of tests
will depend on when UOP delivers the samples. A final report on the results of these tests will
be issued approximately one month after the samples are delivered.

Studies of the effect of heat treatment on Cs desorption and resorption is aso continuing. A
report on the thermal stability of CST has been drafted and will be issued in FY01.

SNL

NaOH-treated |E-911 samples from ORNL are being characterized by XRD, TGA/DTA thermal
analyses, pore volume measurements, SEM/EDS and TEM. In addition, samples of Csloaded
|E-911 were received from PNNL and are being further analyzed. A fina report will be issued
documenting the results of the characterization and any relationships between the
characterization data and the chemical stability of IE-911. The results from SNL and PNNL
testing will be used to propose an operability regime for |E-911.

PNNL

NaOH-treated |E 911 samples are being prepared for batch test exposing the samples to
simulated waste at room temperature, 55°C and 80°C. (NaOH treatment procedure and
composition of simulant were specified by SRS personnel.) Cs concentrations and 1E-911
sample size have been adjusted so that the maximum Cs loading is 2%. Samples of supernate
and of the ion exchanger will be removed for analysis after 1 hour and 1, 3, 7, 30 and 60 days.

Solution concentrations of Na, Si, Ti, Al, Nb, and Zr for the supernate samples from the
experiments above are being analyzed by ICP. Atomic absorption analysisis being used to
determine Cs solution concentrations. The phase content of the samplesis being analyzed by
x-ray diffraction (XRD). A report on the results of the examination of pretreated CST will be
published.
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The results of these tests at several |aboratories will determineif CST particles (IE-911) are
stable to temperatures of at least 35°C and possibly higher. The characterization studies will
revea phases that may form upon heat treatment of Cs-loaded CST particles. The studies of the
UOP samples will provide an evaluation of the improvements that have been introduced by the
revised manufacturing process (see below).

7.2.3.4 Waste/Simulant Precipitation Studies (CST SOWM 5.1)

7.2.3.4.1 FYO00-Results
SRTC

Researchers investigated the stability of SRS simulated waste solutions and the solubility of Nb
and Zr in these solutions in laboratory tests. The results support the following conclusions. SRS
simulants are unstable towards precipitation of solid phases. Sodium oxalate, sodium
aluminosilicate, and aluminum hydroxide form from one or more of the current simulant recipes.
SRS simulants supersaturated with Al and Si form easily and reach equilibrium slowly. When
Al ispresent, Si reacts to form an insoluble aluminosilicate. Filtration 24 hours after dissolution
does not prevent additional solid formation. Attainment of equilibrium requires weeks or months
at ambient temperatures. Seeding SRS simulants promotes crystallization of dissolved
components. 1E-911 particles and associated fines appear to promote crystallization of
aluminum compounds. Addition of Al(OH); solids speeds precipitation of dissolved Al. Nb and
Zr solubilities are <20 mg/L in simulated waste solutions. Supersaturated solutions form easily
and reach equilibrium sowly.

These instabilities may have caused or exacerbated most of the plugging incidents observed in
testing of CST. Especially significant was the precipitation of sodium aluminosilicate after
heating (boiling at atmospheric pressure for 24 hours in a stainless-steel vessel fitted with a glass
condenser) average and high-nitrate simulants (with 7.5 M Na’). However, modification of the
SRS simulant compositions will not be recommended until analyses confirm that tank-farm
wastes are at equilibrium with respect to precipitation of solids. If tank-farm wastes contain the
same instabilities with respect to Al(OH)s and aluminosilicates, dilution with NaOH may
aleviate the problem.

ORNL

Thermodynamic equilibrium calculations were performed using SolGasMix software and a
thermodynamic property database compiled at ORNL from available literature data at ORNL.
Initial calculations were performed to confirm arecent finding*’ for a system containing Na',
Al(OH)s", SO3, OH", CO5%, SO4%, CI, and HS'. While that system does not contain al the ions
of interest in this study, it was a good starting point to confirm the reliability of the ORNL
thermodynamic property database. Following confirmation of the database and the
reproducibility of the literature data, the calculations were expanded to include the full range of
those ions listed in the literature.*® Conditions (concentration of ions, temperature, etc.) under
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which precipitation could occur were delineated from the thermodynamic calculations. Because
of its proven reliability even at high molarities,*® Pitzer's activity coefficient method was used to
calculate the activity of water and the activity coefficients of theions. The model at this stage
did not use any parameters correlated from precipitation data.

The thermodynamic model predicted the precipitation of sodium aluminosilicates and possibly
sodium fluorosulfates. Calculations on al three types of waste (i.e., average, high-hydroxide,
and high-nitrate) indicated that a precipitate of the aluminosilicate cancrinite
(3A1,03-3N&0-6S50,-1.68NaNO3-4.1H,0) would form.

Following the calculation of the ion concentrations, temperature, etc., necessary for precipitation,
and subsequent to review by selected SRS personnel, laboratory tests were performed to confirm
the results of the thermodynamic analyses. Experiments using standard laboratory equipment
were performed to recreate the exact solutions and test for precipitation. Simulant solutions were
prepared using a recipe supplied by SRS personnel. Samples were analyzed to confirm the
presence of cations and anions in the correct amounts and ratios. Any precipitates formed were
collected and analyzed to obtain information on the constituents. Any unusual results obtained

in this step were fed back into the model to refine it.

Results were obtained for SRS average, high-hydroxide, and high-nitrate smulants. Average
simulant was prepared in two different ways. First, all chemical components were added and a
single filtration was performed. Second, each component was added separately and afiltration
was performed after 24 hours of stirring. The solids were air-dried and identified by XRD
analysis. Thefirst preparation produced solids that included sodium oxalate, sodium nitrate, and
sodium carbonate, among others. The second method produced sodium carbonate, aluminum
hydroxide, sodium nitrate, and sodium oxalate. Preparation of high-hydroxide ssimulant by the
second method produced the same solids as above; high-nitrate ssmulant produced the same
solids as above, in addition to copious amounts of sodium fluorosulfate. Aluminosilicates did
precipitate from the ssimulants but only after a period of time, which varied from days to weeks
for the different ssmulant preparations. This clearly indicated the ssmulant was metastable with
respect to precipitation of aluminosilicate.

Thermodynamic modeling predicted the precipitation (<1 ppm) of Ti and Nb and a solubility of
14-16 mg/L for Zr in the three ssimulants. Thermodynamic modeling of possible impurities of
Mg, Ca, Sr, Ba, Fe (Il and I11), Pb, and Zn was aso performed. Of these elements, only Sr, Ba,
and Pb showed solubilities greater than millimolar levels. The results from these cal culations on
CST (Ti and Nb) and binder (Zr) components agree with leaching studies carried out at ORNL.
Experimental results from SRTC indicated that Nb dissolves (12-18 mg/L) within two weeksin
simulants and then precipitated (from 9 in high-nitrate to <3 ppm in average and high-hydroxide)
after three weeks. Zirconium exhibited a solubility of 1-16 mg/L in the three simulants.

These results are highly significant because they indicate that the ssmulants used in virtually al
of the experiments with CST are metastable with respect to precipitation of aluminosilicates.
Therefore, the deposition of the aluminosilicates on CST particles observed in experiments on
the chemical and thermal stability of CST may or may not have any significance with respect to
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tank waste. The equilibrium state of tank waste should be determined in order to evaluate
whether deposition of aluminosilicates represents an actual risk to using CST Non-Elutable lon
Exchange. In addition, the thermodynamic equilibrium calculations can be used to devise a
dilution strategy for the tank waste that will create stable solutions.

7.2.3.4.2 FYOl-Current Work

Thermodynamic calculations. ORNL is continuing to build and verify the SolGasMix model
in FYOl. SRSisworking with ORNL and using the ORNL SolGasMix software model to
propose feed specifications and a dilution strategy that will create stable conditions in the tank
waste.

The dilution strategy and the accuracy of the SolGasMix software model requires experimental
confirmation. Thisis being accomplished at SRS using simulants and radioactive waste samples.
SRS will test simulant and real waste samples for precipitation of solids to verify the proposed
dilution strategy. SRS simulants are being evaluated for Al and Si content and method of
preparation (e.g., heat treatment). The contribution of these factors to post-precipitation and/or
CST fouling/resorption problems is being determined. A report on thistopic is being prepared.

Studies of waste and simulant precipitation are continuing at ORNL. Thermodynamic
equilibrium modeling calculations are continuing in order to expand the understanding of
precipitation in waste solutions. Laboratory confirmation tests will be carried out at ORNL after
review and approval by SRS. A report summarizing the results of the thermodynamic
calculations will be published.

Real waste tests. The kinetics of Csremoval from real waste are being measured by taking tank
waste samples at given time intervals and measuring the Cs uptake. Two simulants (UOP and
SRS average) are being used as controls. A report on Cs sorption from real waste will be
published.

SRS will test five waste samples from different waste tanks during FYOL1. Testswill yield
equilibrium and kinetic data for sorption of Cson CST in avariety of waste compositions. lon
exchange column sizing and process simulations rely on two computer models. The ZAM model
for CST predicts equilibrium sorption isotherms for Cs in waste solutions. A second model uses
the ZAM equilibrium data and kinetic information to predict column breakthrough curves. Both
models require confirmation against SRS radioactive waste. SRS successfully completed a
small-scale ion-exchange column test in FY 99 using Tank 44F waste. This test confirmed the
length of the mass-transfer zone for a waste composition with high hydroxide concentration.
SRS will run another small-scale ion-exchange column tests using either a sample of the re-
engineered UOP resin (if available) or using radioactive waste with a composition significantly
different from Tank 44F high hydroxide waste (i.e., average waste or high nitrate waste). A
report on these studies will be published.
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7.2.3.5 Revised Manufacturing Process (CST SOWM 2.1)
7.2.3.5.1 FYO00-Results

As described above, incidents of column plugging have been noted during experiments with
IE-911. Solidsisolated from the columns were analyzed to determine which chemical elements
are contained in the precipitates. The analytical results indicated that the simulants themselves
might be unstable with respect to precipitation and that excess materials used in the
manufacturing process of |E-911 are leaching during pretreatment and subsequently
precipitating. Thus, an improvement in the manufacture of 1E-911 would be the production of a
materia that contains little, if any, excess materials.

Results from experiments with the engineered form (IE-911) of the CST crystals (IE-910) clearly
indicated that excess materials of manufacture, i.e., Nb and Si, are leached from the particles by
the highly alkaline simulants (see previous results in this section). In addition, lot-to-lot
variability in the Cs-sorption capacity was noted (see results for Column Performance).
Therefore, discussions with UOP LLC were held to determine a path forward to develop an ion-
exchange material that could be used with less risk of column plugging or low Cs-sorption

capacity.

A contract was signed with UOP to revise the manufacturing process. The contract calls for the
elimination of excess materials of manufacture and reduction of the lot-to-lot variability. UOP
proposed removing excess materials by post-treatment of 1E-911 and reducing lot-to-lot
variability by closer control of the manufacturing parameters.

7.2.35.2 FYOl-Current Work

Collaboration with UOP to develop an engineered form of CST (1E-911) compatible with SRS
waste is continuing in FY01. A schedule for production of test batches of reformulated materials
and for holding project review meetings is being followed. Product specifications (target
definition) have been defined and agreed to by WSRC. Updates on pretreatment work at SNL
are provided to UOP in order to optimize their efforts.

The CST manufacturing process comprises four steps: synthesis of |E-910; post-treatment of
|E-910; manufacturing of 1E-911; and post-treatment of 1E-911. The UOP contract calls for the
production of areference batch of 1E-911 against which all subsequent batches will be
compared. Manufacturing parameters were tightly controlled during the preparation of the
reference batch. In addition, a reference batch of 1E-910 will be produced.

Initial efforts to improve IE-911 by UOP are focusing on the post-treatment step. The god isto
reduce the quantity of leachable components from the product. Details of the steps taken by
UORP to accomplish this goal are not available due to UOP concerns about the proprietary nature
of their work. A test batch of 100 g will be sent to SRTC in mid-November 2000, and will be
examined using the methods described in other sections of this plan.
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After evaluation of the test batch, a pre-production batch of 1E-911 will be produced by mid-
December 2000, in sufficient quantity that ORNL, SNL, and PNNL will be able to characterize
the material using the methods that have been described in previous parts of this section. The
final deliverable in the contract, a 2,000-Ib batch of the improved material, will be supplied if the
test results indicate that the quality and properties of the materia are satisfactory for further
testing.

The results of these tests will determine if UOP has produced a materia that can be used in the
ion-exchange columns with a minimum of pretreatment at SRS. The leaching of Nb from the
IE-911 is a necessary step owing to the conditions under which IE-910 must be synthesized.
Whether the excess of Nb is leached from the IE-911 at UOP or at SRSis the essential issue.
Considering the relative costs of performing operations at UOP or SRS, the willingness of UOP
to perform this process at their facility greatly enhances the attractiveness of using |1E-911 for
CST Non-Elutable lon Exchange.

7.24 GasGeneration (CST SOWM 3.2, 8.3, 8.4)

7.2.4.1 Previous Results

A previous study>® measured the impact of CST solids on the rate of formation and composition
of radiolytically generated gases in ssimulated SRS liquid waste. The tests used 1E-911, the
engineered form of CST. The test results showed that radiolytically generated gas bubbles form
rapidly at expected process dose rates. Bubbles near the surface of the resin bed can move by
displacing IE-911 particles.

Irradiation of 1E-911 durries produced oxygen, hydrogen, and nitrous oxide (N20). Oxygenis
the mgjor product from irradiation of high-nitrate waste whereas hydrogen is the major product
from irradiation of high-OH waste. High-nitrate waste solutions yield the largest gas generation
rates. Researchers measured total radiolytic gas generation rates lower than those used in a
preliminary gas generation calculatior?* for a full-scale process column. The previous
calculation for total gas generation remains bounding because test results showed less oxygen
formation (G values up to 0.15 molecules/100 eV) than assumed in the calculation (0.3
molecules/100 eV). Since the high radiation field associated with aloaded column will originate
from approximately 5 MCi of Cs-137 per column, a gas generation rate of approximately 35 L/h
IS expected.

Additional work investigating the effect of gas generation was performed on alarger scale. To
conduct the gas behavior test, a method to simulate radiolytic gas generation in the CST column
was developed. After evaluating several alternatives, oxygen production by the decomposition
of hydrogen peroxide was selected. Hydrogen-peroxide decomposition-reaction rate data needed
to plan the tall-column gas tests were determined from batch and small-column laboratory
experiments. In addition to catalyzing the hydrogen peroxide decomposition reaction, CST aso
absorbs hydrogen peroxide. Titanium stabilizes hydrogen peroxide. Fortuitously, this method
not only simulates gas generation, it also alows ssimulation of the gas generation front movement
due to Csloading in an actua system by the movement of the peroxide wave front as it loads on
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the CST. Inthe course of the laboratory studies, it was determined that peroxide leaches metals
from the CST. These findings may have implications in an actua system, since one of the
products of radiolysis is hydrogen peroxide, although it is present at extremely low levels
(approximately 10°® M, see Refinement of the Model, 7.2.2.1.2).

The gas generation test was conducted to provide information on bed retention and release of gas
produced in the column. The target gas generation rate was 82 cc/h based on the maximum
expected gas generation in an actual system with high-nitrate SRS supernatant. However, a gas
generation range of 40 cc/h to 320 cc/h was used in planning the test to allow for the range of Cs
concentrations expected in the real waste. Gas was generated by the decomposition of hydrogen
peroxide. Column differential pressures, the volume of gas generated, and the column bed
heights were measured. The bed was aso monitored for bubble formation and gas accumulation.
The test was run at a nominal superficia liquid velocity of 4.1 cm/min. Hydrogen peroxide
loaded on the bed relatively quickly. Approximately 9.5 hours after peroxide was introduced at
the top of the bed via a modified feed configuration, the first measurable volume of gas was
observed in the effluent. Gas bubbles seen at the inside surface of the column wall gave avisual
indication of the gas wave progress down the column.

Gases generated in the column were swept out with the effluent at both low and high gas
generation rates. Gas did not coalesce and rise in the column, nor did the bed expand while the
column was operated in down flow, even at gas evolution rates 16 times the target rate of

82 cc/hr. Gas accumulation in the bed is estimated to be less than 3%of the bed volume and it
resulted in a bed pressure drop 2 to 2.5 times the pressure drop without gas. The bed pressure
drop at a superficia velocity of 4.1 cm/min with gas was in the 8-9 psig range, compared to 3.5-
4.5 psig without gas. After a gas inventory has been established in the column (i.e., once gas
voids form in the column) the pressure drop is only weakly affected by the generation rate. After
shutdown, part of the gas inventory disengages from the bed and bubbles in streams from the top
of the bed. The axia gas inventory upon shutdown remains to be determined. The column was
able to eliminate 16 times the design-basis maximum gas generation rate without apparent
disruption of the bed.

In a three-column processing train, the gases swept from the lead column will likely accumulate
in the head-space of the next column in series. The accumulation of these gases (hydrogen and
oxygen) creates a hazard due to the potentially explosive nature of this mixture. It has been
proposed that the gas entrained with the effluent be separated from the liquid prior to feeding
downstream columns. Methods for disengaging this gas between columns need to be evaluated
and demonstrated. The effect of entrained gas on downstream columns needs to be understood.

7.2.4.2 GasDisengagement (CST SOWM 8.3, 8.4)
7.2.4.2.1 FYQO - Results
Indications that gas generated in the column escapes through the bottom of the column without

causing flow disruptions led to a shift in the emphasis of gas generation research to address the
hydraulic aspects of gas disengagement. Tall-column apparatus at ORNL was modified to test
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prototypical equipment to perform gas disengagement experiments. Locally designed equipment
was fabricated and installed for this purpose. The use of hydrogen peroxide for non-radioactive
examination offers potential benefits over aradioactive test.

The existing pilot-scale tall column that was used in FY 99 to evaluate CST physical stability,
CST handling properties, and gas behavior was fitted with gas-disengagement equipment for

FY 00 testing. ORNL modified and improved the tall-column design characteristics to adapt it
for thistask. The CST fixed-bed support screen (Johnson) design was improved to better
simulate full-scale flow-through column operation. Instrumentation and control systems were
dightly modified and upgraded. Column-effluent piping was modified for installation of the gas-
disengagement device, supporting FY 01 testing and operations under various conditions to

eva uate the performance of the device.

7.2.4.2.2 FYOl- Current Work

The gas-disengagement equipment (GDE) is being installed on the existing CST tall-column unit
at ORNL for the purpose of removing free gas generated during tall-column testing. The system
is designed to operate under varying conditions to establish operating envelope and performance
requirements for the CST process. In order to monitor gas generation sufficiently, system
process dynamics were previously modeled to properly size valves and ensure that the control
strategy allowed for system robustness and disturbance rejection.

The main components of the GDE are a gas-disengagement chamber, a venturi vacuum pump, a
system for vapor sweep/sparging, a process pump, and ultrasonic equipment. The gas-
disengagement chamber provides the location for free gas disengagement. The venturi vacuum
pump provides gas evacuation during GDE operation at or below atmospheric pressure. It is
bypassed at pressures greater than atmospheric. The vapor sweep/sparging provides a supply of
air or nitrogen to remove the free gas from the simulant during GDE operation. The air or
nitrogen introduced into the sparger also assists in the coalescence of smaller bubbles of
insoluble gas and the stripping of soluble gas. The process pump maintains the liquid level in the
gas-disengagement chamber at or below atmospheric pressure. 1t may be bypassed during
testing at pressures greater than atmospheric. The ultrasonic transducer with acoustic horn and
sine generator provides cavitation of the simulant to facilitate the removal of free gas.

Instrumentation and controls (I1& C) equipment and materials are comprised of distributed
modular microprocessor-based controllers compatible with the existing tall-column
communication network (LabVIEW). The GDE aso contains a thermocouple, liquid and air
flowmeters, pressure and level indicator, pressure transducer, level measurement sensor, flow-
control valves and level switch.

Operation of the gas-disengagement chamber will follow one of three modes. Modes A and B
involve the simultaneous control of both sweep/sparge air through the chamber vapor space and
liquid level contral in the chamber. Mode C involves bypassing the gas-disengagement chamber
altogether so that no control issues exist. The method of liquid level control differs drastically
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between Modes A and B. The control of sweep and sparge air differs slightly between Modes A
and B.

Results from the ORNL tests will be provided to the SPP team for inclusion in afinal report.
The results are expected to demonstrate that disengagement of gas between ion-exchange
columns can be achieved. Therefore, accumulation of gas at the top of the second (middle) and
third (guard) columns is not expected to be an issue during operation of the CST-column
carousel. Thisalsoisexpected to resolve the issue of accumulation of a potentially explosive
gas mixture at the top of the columns.

7.2.4.3 CsLoading Under Irradiation (CST SOWM 3.2.2)

7.2.43.1 FYOO - Results

An overall technical understanding of the CST Non-Elutable lon Exchange process is needed to
design, construct, and deploy a full-scale facility for treatment of high-level salt waste. One
concern associated with deployment of CST is the effect of gas generation from radiolysis of
water within the operating CST flow-through column. Calculations and testing were performed
in FY 00 to determine the effect of gas generation on the performance of CST in aflow-through
column.

SRTC and ORNL collaborated to study the effect of radiolytic gas generation on the Cs-removal
performance of CST. The calculation of gas generation in large columns was improved. The
rate and location of bubble formation during Cs loading was defined. Diffusion rate of gases out
of CST particles was estimated and compared with experimental results. The calculations
indicated that the formation of gas bubbles within the small pores of CST (i.e., intraparticle
bubble formation) is not likely.

Batch tests performed by SRTC in FY99 indicated that aloss of CST capacity can be expected
when irradiated under expected conditions. Additional testing examined this aspect of Cs-
removal performance in the presence of gas generation. A spent-fuel element in the HFIR pool
was used for aradiation exposure test. This test measured a number of attributes, including Cs
absorption in the presence of aradiation field and the rate of gas generation. A team of
researchers from SRTC and ORNL examined the results of each test.

A test capsule containing a small flow-through column packed with ~20 mL of CST was
designed and fabricated for insertion and irradiation in a spent fuel element of the HFIR test
facility. The column was connected to ssimulant feed and coolant transfer lines routed vertically
upward through and out of the pool via an access port to the feed station transfer pumps and
holding vessels. Simulant containing non-radioactive Cs was pumped to the CST column using
low-pulsation gear pumps in order to load the Cs onto the CST. The radiation dose received by
the column of CST was representative of that expected for treatment of SRS HLW supernate.
The test system was designed for continuous feed of simulated HLW supernate containing
nonradioactive Cs and included a cooling system to maintain the temperature of the column
below 35°C. The coolant (ethylene glycol solution) was chilled and transferred to the column
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using gear pumps. Samples of the supernate were collected every 4 hours for Cs analysisand a
Cs-loading curve was generated from the data. The loading curve was compared to baseline
column performance data to determine the effect of radiolytic gas generation on CST loading
capacity and mass-transfer zone length. The results indicated no significant effect of the
radiation field on Csloading. The performanceof this column system was carefully
characterized under a range of operating conditions subsequent to the irradiation.

SRS completed an interim report on the gas-generation calculations including temperature
effects on Csloading. SRTC published two reports documenting their work on the gas
generation activities.*>>

The results of gas generation tests clearly indicate that gas generation within the CST column
does not affect Cs sorption. The sorption closely follows predictions using the VERSE model
and sorption measured outside of the radiation field. Thus, CST columns loaded with megacurie
guantities of Cs are expected to perform within the baseline requirements.

7.2.4.3.2 FYO1- Current Work

Results from the gas generation experiments conducted in FY 00 will be documented in a report.
In addition, afinal report on the gas-generation calculations is being prepared. The report will
include temperature effects on Cs-loading under irradiation.

The test equipment - including the simulant delivery system, the coolant lines, and the moisture
detection system - is being decontaminated before removal from the HFIR building for
subsequent storage. The equipment will be prepared for storage in such a manner that it can be
used again should the need arise after down select.

7.25 CST Hydraulic Transfer (CST SOWM 19.1, 19.2, 19.4)

7.2.5.1 PreviousResults

Pumping tests conducted during prior research in arecirculating loop showed that a 24 wt%
durry of CST in water can be transported at fluid velocities of 4.3 ft/s (45 gpm in a 2-in. pipe)
with no visible settling of the CST particles. A 5wt% slurry will stay suspended at a velocity of
3.8 ft/s. The CST was easily mobilized after purposely plugging sections of pipe. The CST
particles were rapidly broken up in a centrifugal pump into very small particles (<150 micron).
A progressing cavity (Moyno) pump caused less damage to the CST particles.

Additionally, slurries of CST in water showed low abrasivity to 304L stainless steel and
moderate abrasivity to A106 carbon steel. However, results indicated that supernate-containing
durries were less abrasive to A106 carbon steel. Of importance to the CST flowsheet, mixtures
of as-received CST and SRS sludge simulants showed minimal tendency to cause caking or hard
layers.
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CST was easily duiced into and from the ion exchange column using water and air. The as-
received CST is dightly acidic and contains fines that are generated during shipping. The CST is
pretreated by stabilizing the pH with dilute NaOH, then backwashing with water to remove any
fines. The CST had been pretreated for the ORNL Cs Removal Project. The CST was added to
the column in three batches, and the column was backwashed after each batch to remove any
fines generated during sluicing. The column was backwashed with tap water at flow rates up to
1.2 L/min after the first and second batches of CST were added to the column, and up to 0.6
L/min after the third batch was added. The CST bed was expanded by at least 50% during the
first and second backwashes, but by only 20% during the third backwash due to lack of spacein
the column.

Hydraulic tests were conducted during the previous studies to obtain data useful for column
operation. Pressure drop through the column and across the Johnson screen and the effect of
flow rate on pressure drop were measured. The column-pressure drops for the first four tests
ranged from 17 to 23 psig. The pressure drop at the top of the bed where alayer of fines and
fragments of CST and other materials existed accounted for 60% to 70% for the pressure drop.
After the bed was expanded to redistribute these layers, the pressure drop stabilized in the 7-psig
range at 5 cm/min superficia velocity. The pressure drop of 6.7 psig across the column that is
calculated by the Blake-Kozeny equation isin good agreement with the pressure drop of 7.4 psig
that was observed in Hydraulic Test 6. The pressure drops in the bed at the nominal flow rate
were relatively constant and varied from 0.35 psig/ft to 0.45 psig/ft. The pressure drop across
the Johnson Screen remained constant throughout the six tests, ranging from 0.45 psig to 0.55
psig. No channeling was detected. The pressure drop across the Johnson Screen did not
increase, indicating no accumulation on the screen.

Prior to duicing the CST from the column, the supernate simulant in the column was displaced
with 2 M NaOH. Then the NaOH was displaced with deionized water. Water, rather than
supernate simulant, was used to duice the CST in order to facilitate handling of the spent CST.
The two-step displacement process was used to avoid possible precipitation of Al(OH)3 from the
supernate simulant as the pH of the solution was lowered during mixing with the water.

After the column was pressurized, the bottom sluice valve was opened. The CST and water
flowed up through the 1-inch-duice line to the level of the top of the column and then back down
into a plastic tank. Because of the restricted air supply, the CST and water flowed rather slowly
from the column into the collection tank. The water interface moved dlightly faster than the CST
interface, leaving about 17 cm of CST in the bottom of the column after the first sluicing. The
duicing took 2.3 minutes, so the average flow rate was 10 L/min, and the average velocity in the
duice line was 33 cm/sec.

Another aspect of DWPF operation is accurate slurry sampling using the Hydragard® sampler.
The particle size of the as-received CST ranges from 200 to 800 microns, significantly larger
than the borosilicate glass formers (frit, ~170 microns). This raises two technical issues
regarding homogeneity and sampling of CST dlurries of DWPF. A series of tests were
conducted to address these issues.> Four tests used batches of aqueous slurries of 10 wt% CST
and the remaining tests used three different batches of sudge-based slurries.
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Sampling studies of the mixture of CST, frit and sludge using the Hydragard® sampler did not
show uniform results when compared with a grab sample taken from the feed tank. The
Hydragard® samples exhibited 12% frit depletion. As expected, the sludge-frit slurry with large
as-received CST particles repeatedly plugged the Hydragard® sampler.

The CST has been engineered into material with an average particle diameter of around 500
microns for use as packing in the ion exchange columns. Smaller particles would give excessive
pressure drop through the column. However, as noted above, preliminary testing?® has shown
that the DWPF Hydragard® valve is not capable of sampling sludge with as-received CST.
Previous work during the DWPF startup configured the Hydragard® sampling system to
accurately sample sludge with frit particles that are nominally about 175 microns in diameter
(acceptable size range 80-200 mesh). Therefore, it is assumed that if the CST particles can be
reduced to the size of frit particles or smaller they will be representatively sampled by the
Hydragard® system.

Size reduction of the spent CST resin introduces another unit operation into the proposed
flowsheet. To select the best method for accomplishing CST particle size reduction, literature
was reviewed and other DOE sites were contacted about their experience with similar processes.
In particular, personnel at the Hanford Site's K Basin were contacted about their experience at
that site in grinding sludge particles and personnel at the West Valey Demonstration Project
were contacted about their experience in grinding zeolite. The results of these reviews are
summarized below.

Criteria selected for evaluating a method of particle-size reduction are: (1) the method must be
capable of processing awet durry of CST solidsin water. Preliminary flowsheet estimates are
based on a 10 wt% dlurry of CST in water; (2) It would be highly desirable to accomplish the
size reduction in a single pass through the equipment; (3) The process should offer good control
over maximum particle size; and (4) The equipment must be capable of remote operation for
radioactive service and have low maintenance requirements.

A preliminary literature review quickly showed that numerous particle-size reduction methods
exist using process equipment of various designs. One particularly attractive piece of equipment
is the Dispax-Reactor marketed by IKA Works. IKA Worksis an international company known
as aleader in the high shear mixing and dispersing industry. The company is based in Germany
with asubsidiary IKA Works USA located in Wilmington, North Carolina. The Dispax-Reactor
is designed to uniformly disperse a solid material in aliquid flow stream and is capable of wet
grinding to provide a specified maximum particle size. The equipment contains a series of rotors
with controlled gear tooth clearances. West Valley Demonstration Project (WVDP) personnel
tested IKA Works equipment and found it unsuitable for their application. The WVDP zeolite
durry waste is contaminated with sand and rust; metal particles in the slurry damaged the gear
teeth in the IKA equipment.

A Kkinetic grinding system from Micro Grinding Systems, Inc. (located in Little Rock, Arkansas),
was one of the most promising technologies identified for reducing particle size of 105-K East
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Basin dudge on the Hanford site. It also was the technology chosen for processing contaminated
zeolite stored in awaste tank at WVDP. The zeolite must be slurried out of the waste tank and
pumped into another tank as part of the processing operations. The raw zeolite has a particle size
distribution very similar to that of the CST. This grinder passes the durry through a cylinder
containing steel or ceramic balls or cylinders that are continuously vibrated. The impact from
the objects in the cylinder crushes the particles in the feed slurry providing the grinding action.
Tests at WV DP showed that 800-900 micron size particles were ground 98-100% below 200
microns and about 90% below 100 microns.

7.2.5.2 Develop And Test Size-Reduction Method (CST SOWM 19.2)

7.25.2.1 FYO0O - Results

Grinding tests were contracted to both IKA Works and Micro Grinding Systems. The IKA
equipment best satisfied the process selection criteria. 1t was anticipated that the spent ion-
exchange resin would be significantly cleaner than the WV DP zeolite dlurry (the spent resin
should not contain tramp metal and should therefore be more suitable for size reduction with the
IKA equipment). However, based on WVDP experience, it was also highly desirable to evaluate
the Micro Grinding equipment for CST particle size reduction. It was aso anticipated that it
would be more difficult to control the particle size with the Micro Grinding system and that
additiona work would be required to establish optimum operating parameters such as slurry
concentration and flow. However, WV DP has successfully ground zeolite with very similar
specifications to the SRS CST application using this equipment. This equipment is mechanically
very simple, which may facilitate its use in radioactive service.

The FY00 CST equipment tests ground approximately 50 pounds of solids. With the IKA
equipment, a nominal 10 wt% slurry was used as feed. About 50 gallons of durry were
produced at 10 wt%. This provided sufficient data for a preliminary evauation of the
equipment. SRTC personnel observed the test and made a subjective evaluation of equipment
operability. The size distribution of the ground CST was determined. About 5% of the CST
appeared to pass unchanged through the equipment.

Because the Micro Grinding system is most efficient at higher dlurry concentrations, it was not
possible to test a 10 wt% durry on this equipment. The vendor was consulted and their
experience with WV DP zeolite was used to estimate the desirable surry concentration.
Preliminary indications were that 50 pounds of CST should provide sufficient materia for a test
grind. The test was conducted successfully.

Size-reduced CST from both tests was returned to SRTC for evaluation of mixing, settling and
resuspension characteristics. The material is also available to make additional melter feed
durries that can be used to help determine the cause for previous non-representative sampling.
Resuspension and homogenization of size-reduced CST could also be investigated.

WSRC issued a report on the results of the CST size reduction work.>®
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The results of these preliminary experiments give a clear indication that size-reduction of CST
particles presents little risk to their use. According to data, it should be possible to reduce the
size of CST particles so that homogeneous slurries can be produced and sampled
representatively.

7.25.2.2 FYOl- Current Work

Vendor tests completed in FY 00 provided results demonstrating that CST can be reduced to a
size comparable with the frit or sludge particles. On this basis, no further work in this areais
planned for FYOL.

7.2.5.3 Develop Representative Sampling of CST/Sudge/Frit Slurry (CST SOWM
19.1)

7.25.3.1 FYOO - Results

Operation of the Hydragard® sampler with slurries of size-reduced CST was compared to
operation with sludge/frit slurries in order to determine minimal size distributions for adequate
CST slurry sampling. Samples taken by the Hydragard® sampler showed a bias toward low frit
with or without size-reduced CST present. Thus, the operation of the Hydragard sampler itself
will be re-assessed. However, it was concluded that CST was sampled the same as Sudge and
that a representative sample would be obtained in the DWPF.

During the FY 00 study of Hydragard® sampling of melter feed slurry containing CST it was
observed that a slurry containing 52 wt% total solids could not be adequately mixed in the
1/240" scale DWPF tank. This slurry, containing 10 wt% CST on an oxide basis in the glass
product, appeared to be unusualy thick. Historically, DWPF melter feed durry is typically in
the range of 48 to 50 wt% total solids with a maximum observed value of 53 wt%. If melter feed
containing CST can not be similarly concentrated, DWPF glass production rates will be reduced.
The rheology of melter feed durry is known to be a strong function of the insoluble solids
content.

7.2.5.3.2 FYOL- Current Work
Results of the Hydragard® sampling activities in FY 00 will be published in areport in FY0L.

7.2.6 Coupled DWPF Operation (CST SOWM 20.0)

7.2.6.1 Previous Results

Processing within the DWPF would include the addition of sized-reduced 1E-911 loaded with Cs
to the dudge/frit durry prior to vitrification. This addition would occur in the Slurry Receipt
Adjustment Tank (SRAT). The DWPF process then adds chemicals — including formic acid —to
adjust the redox potentia of the mixture. The presence of noble metals catalyzes the formation
of hydrogen gas, which poses a safety control concern for operations. The total gas release also

741



Tanks Focus Area PNNL-13253
SRS Salt Processing Project R& D Program Plan Revision 1

can promote foaming in the process vessels. Little information existed on the ability of 1E-911
to sorb noble metals and alter the amount of gases formed. Hence, personnel conducted process
simulations at bench scale and at small pilot scale (1/240™ DWPF) to examine this risk.>®®’

Major conclusions from the testing included the following. The maximum observed SRAT
hydrogen generation rate was 0.0034 Ib/hr (scaled to a 6000 gallon DWPF sludge batch) and
occurred during the sludge-only run without CST present. The maximum hydrogen generation
occurred at the end of the SRAT reflux cycle and is about 0.5% of the current DWPF limit of
0.65 Ib/hr. The maximum SME hydrogen generation rate was 0.012 Ib/hr (based on a 6000-
gallon DWPF dludge batch), which occurred in the size-reduced CST run. This maximum
hydrogen generation occurred at the beginning of the SME dewater cycle and is about 5% of the
current DWPF limit of 0.23 Ib/hr. The size-reduced CST runs produced slightly more hydrogen
than the as-received CST but still far below DWPF limits.

Since these studies suggested no significant concerns, the program deemed that no additional
work was necessary in this area before selection of a preferred process.

7.2.7 DWPF Méeter Operations

7.2.7.1 GlassTitanium Loading (CST SOWM 17.0)

7.2.7.1.1 Previous Results

A variability study addressing the compositional changes in sludge and frit was examined with a
statistically designed approach.®® The sludge, frit and CST loading were varied in order to assess
the operating window for glass composition in DWPF. The existing models were used to predict
the processing and product properties for each of the compositions. Due to the large difference
in composition, it was unclear whether the models were applicable in this compositional region.

The results indicate that the viscosities and liquidus models for the CST/dudge glasses appeared
adequate to cover the different compositional regions. Glasses at reasonable loadings of CST
and sludge had durabilities acceptable for DWPF. However, the durability model under-predicts
the measured Product Consistency Test (PCT) values.

In this phase of research, twenty-two glasses containing Purex sludge and three glasses
containing HM sludge were fabricated and tested.>® The fabricated glasses were tested for
durability using the 7-day PCT and characterized by measuring the viscosity at 1150°C and by
determining an approximate, bounding liquidus temperature. The current models used by DWPF
for predicting durability, viscosity, and liquidus temperature were applied to al 25 glasses. The
goal of thiswork was to identify any major problems from a glass perspective, within the scope
of this effort, which could potentially preclude the use of CST at DWPF. As part of this study,
product and property model predictions were made using targeted, measured, and bias-corrected
measured compositions of the glasses. It wasdemonstrated that the results were essentially
insengitive to the type of composition used in these models. This provides evidence that the
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glasses produced were close to the targeted compositions and that the analytical measurements
were of high quality.

The results indicated all 25 glasses were very durable as measured by the PCT. The PCT values
clustered within the interval from 0.64 to 0.91 g/L for boron for al of the Purex glasses except
one and ranged from 0.37 to 0.43 g/L for boron for the HM glasses. The values for the other
elements were similar. For comparison, the reference Environmental Assessment (EA) glass has
aboron rate of 16.7 g/L. A remarkable finding from this study was the highly clustered nature of
the results. The 22 Purex-loaded glasses clustered tightly in one region, whereas the HM glasses
clustered at an even lower value for boron release.

The DWPF's Product Composition Control System (PCCS) durability model predicted values for
boron release that were generally greater than the upper 95% prediction limit of the model. This
type of behavior has been observed before for a range of glasses predicted to be very durable.
The highly clustered nature of the results suggests that model revisions could be made to ensure
glass durability. The DWPF homogeneity constraint was not developed for glasses within the
compositional region defined for these 25 glasses. The results from this study reveal that the
measured durabilities are not correlated to the values of this homogeneity constraint for these
glasses.

For this study, the liquidus temperature was bounded by performing 24-hour isothermal holds (as
required) for the glass melts at 900°, 950°, 1000°, and 1050°C. X-ray diffraction (XRD) was
used to detect crystallization, in this case Trevorite. For the 22 wt% Purex glasses, no crystals
were detected in the bulk at 900°C or at the top surface of the glasses. For the 26 wt% Purex
glasses, only two of the six glasses had bulk crystals after 24 hours at 900°C, and crystallization
was no longer evident after the 24 hour hold at 950°C. For the 30 wt% Purex glasses, crystals
were evident at higher temperatures but below the XRD detection limit at 1000°C. Given the
fact that liquidus temperatures were only bounded, the 30 wt% loading of Purex may be near or
at the edge of acceptability for liquidus. Surface crystallization was evident on top of the glass
surface near the glass-crucible interface after some of the heat treatments. This crystallization
was not considered as evidence in the determination of the approximate liquidus temperature.
For HM glasses, no crystals were detected in the bulk or on the surface after 24 hours at 900°C.

The melt viscosity for many of these glasses was measured and the results reported at 1150°C
(nominal temperature of the glass within the DWPF melter). For the Purex containing glasses,
all viscosities were well within the DWPF range of 20 to 100 poise. The viscosity model, in
general, over-predicted the measured viscosities. This is not surprising given the fact that the
model was not developed for glasses incorporating CST elements. On the other hand, the HM
sludge-containing glasses had, as predicted, viscosities at 1150°C (~160 poise) that were far
above the 100 poise limit. Thus, the HM sludge-containing glasses fabricated for this study are
not acceptable for processing in the DWPF. Although no Blend-sludge glasses were fabricated,
viscosity predictions for these glasses suggest that viscosity values may be close to 100 poise, or
the upper limit for DWPF operations.
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7.2.7.1.2 FYOO - Results
No work in this areawas conducted in FY 00.
7.2.7.1.3 FYOl- Current Work

In the area of glass studies, the NRC report, “ Alternatives for High-Level Waste Salt Processing
a the Savannah River Site”, lists the influence of glass formulation with higher titanium loadings
on waste form performance as a key issue requiring resolution if CST ion exchange were
implemented at SRS. In order to resolve this issue, additional studies on centerline cooling are
needed to ensure that deleterious phase separation of the CST glasses (as detected by PCT
releases) does not occur. These data could also be used should it become necessary to qualify a
waste form with a titanium content greater than that now contemplated.

The workscope in this area will include the following tasks: (1) select, batch and melt ~15
glasses for the CST option; (2) rapidly quench the glasses; (3) canister centerline cool (ccc) a
portion of each glass; (4) measure the chemical composition of al the glasses; (5) perform the
PCT test on all of the quenched and ccc glasses; (6) XRD and SEM on glasses, as necessary; and
(7) compare the PCT results of quenched and ccc glasses.

The results of these studies will determine if glass that meets the PCT requirements can be
formed from durries containing CST.

7.2.7.2 Feed Homogeneity (CST SOWM 19.0)

7.2.7.2.1 Previous Results

Test results indicated the aqueous slurry of as-received CST could not be mixed effectively with
an agitator speed representative of DWPF processes. However, the slurry can be easily re-
suspended by the agitator. The agitator system could not reduce the CST particle size.
Prolonged repeated pumping of the slurry through a centrifugal pump did show evidence of
particle size reduction.

The DWPF melter receives feed from the Melter Feed Tank (MFT). The HLW agueous Slurry in
the MFT is pumped through a recirculation loop and a portion of this aqueous slurry is diverted
to the melter through a slotted aperture (at arate of ~1 gpm). In order to produce an acceptable
glass product, it is essential that no segregation of any of the feed components occurs using this
melter feed system (i.e., the chemical composition of the MFT should be the same as the
composition of the feed stream that enters the melter).

7.2.7.2.2 FYOl-Current Work
Because the CST melter feed durry was first prepared in 1999 and has been used for severa

Hydragard® tests, it was determined that the best way to obtain representative rheology
measurements was to prepare fresh slurry. Because arelatively small amount of material is
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required for rheology measurements, the preparations can be done on abench scale (3to4L). In
FY 01, three bench-scale batches of melter feed slurry will be prepared. One batch will contain
10 wt% CST, size-reduced to less than 177 mm. A second batch will have 10 wt% CST, size-
reduced to less than 20 mm. A control batch that does not contain CST will also be prepared.
Each batch will contain the same amount of sludge. The sludge used in these tests will be a
recently prepared simulant of DWPF Batch 3 dudge. The rheological properties (yield stress
and consistency) of these durries will be measured over the range of total solids from 40 to 50
wit% in 2 wt% increments.

These experiments will provide a sound basis for determining if the presence of CST particlesin
melter feed durry has an impact on slurry rheology and thereby imposes an additional operating
constraint on the DWPF process.

7.3 Caustic Side Solvent Extraction

Prior to treatment by solvent extraction, actinides are removed from the waste by sorption with
MST. The resulting dlurry is then filtered to remove the MST and sludge solids.

The CSSX process utilizes a novel solvent made up of four components: calix[4]arene-bis-(tert-
octylbenzo-crown-6) known as BOBCaixC6; 1-(2,2,3,3-tetrafluoropropoxy)-3-(4-

secbutyl phenoxy)-2-propanol known as modifier Cs-7SB; trioctylamine known as TOA; and
Isopar® L, asadiluent. The solvent is contacted with the alkaline waste stream in a series of
countercurrent centrifugal contactors (the extraction stages). The resulting clean aqueous
raffinate is transferred to Saltstone for disposal. Following Cs extraction, the solvent is scrubbed
with dilute acid to remove other soluble salts from the solvent stream (the scrub stages). The
scrubbed solvent then passes into the strip stages where it is contacted with a very dilute

(0.001 M) acid stream to transfer the Cs to the aqueous phase. The agueous strip effluent is
transferred to the DWPF.

The basis and composition of the waste ssimulant to be used in all CSSX testing are described in
an SRS position paper.®® The simulant composition is similar to previous simulants but includes
more compounds. The new simulant was developed not only to reduce the differences between
the simulant and real waste with regard to most inorganic components but to also stress the
solvent system with certain minor organic compounds and certain metals that could possibly act
as catalysts for solvent decomposition.

7.3.1 R&D Roadmap Summary — Caustic Side Solvent Extraction

Achieving critical project decision milestones requires completion of important science and
technology activities. Failure to meet technology insertion milestones into the integrated project
schedule will delay startup of the salt removal process. This will result in inadequate tank
storage space, jeopardizing DWPF operations and other SRS missions, along with significantly
impacting the ability for SRS to support the complex relative to new missions.
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The Science and Technology Roadmap (Figure 7.3), a subset of the overall Salt Disposition
Project roadmap, defines needs in the following three basic categories:

Process chemistry,
Process engineering, and
HLW System interface.

Process chemistry includes data on the thermal and hydraulic transport properties and mass
transfer properties that are needed to finalize the conceptual design. These data are used to
establish the physical and engineering property basis for the project and detailed design.
Examples of key decisions resulting from these activities include centrifugal contactor size,
solvent clean-up chemistry, solvent recovery technology, and optimizing the process flowsheet.

Physical property and process engineering data from engineering scale tests will be developed
during the conceptual design phase. Confirming performance data will be developed during unit
operations testing to support preliminary design. These data are needed to resolve issues related
to equipment sizing, specific equipment attributes, material of construction and operational
parameters such as pressure drop and requirements for temperature control. A key deliverable
for this phase is demonstrating that the individual components will function as intended in
support of establishing the design input for the final design stage of the project.

Integrated pilot facility operations will be completed during final design to confirm operation
under upset conditions to establish the limits of operation and recovery, the limits of feed
composition variability, and confirm design assumptions. This testing directly supports
development of operating procedures, simulator development, and operator training.

Additional development and testing during the conceptual design phase will help assure proper
feed and product interfaces of the CSSX process with the HLW Tank Farm, DWPF and Saltstone
Facility. Theissues of concern include assurance of glass, waste feed blending and
characterization and waste acceptance.

This roadmap was devel oped to answer technology questions and resolve issues required to
complete the design and construction activities in a time frame that allows HLW tanks to be
decommissioned in accord with the compliance agreements with the State of South Carolina and
the EPA. The development of this roadmap incorporated input from Subject Matter Experts, the
Work Scope Matrix developed at the request of DOE, Preconceptua Risks and Uncertainties,
and Process Engineering Fundamentals.

For CSSX, the key issues center on the maturity of the solvent system. These issues include the
stability of the solvent (both radiolytic and chemical), the impact of minor solvent decomposition
products and/or impurities on system performance and efficiency, and commercialization of the
production of the extractant and modifier. Initial testing indicated that stripping efficiencies
could be impacted by trace impurities. To address concerns related to trace impurities, a second-
generation solvent was developed. Preliminary data indicate the effect of trace impurities has
been substantially reduced, if not eliminated.
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Figure 7.3 Science and Technology Roadmap for Caustic Side Solvent Extraction Cs Removal Process
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Detailed logic diagrams that illustrate the various R& D activities, their interactions, and decision
points are presented in Appendix A.

7.3.2 Solvent Preparation (CSSX SOWM 3.1.3, 3.2)

7.3.2.1 Previous Results

The initial solvent optimization work was completed as a part of the work conducted in FY 98 as
a segment of the Alternative Salt Disposition Program. The optimum solvent at that time was
chosen to be the BOBCalixC6 (previously described), a modifier, 1-(1,1,2,2-tetrafluoroethoxy)-
3-[4-(t-octyl)phenoxy]-2-propanol, designated as Cs-3, and the diluent Isopar® L. A complete
description of this work is found in the report by Moyer, et al.®* Work during FY 98 indicated
that the Cs-3 modifier showed significant chemical and some radiolytic decomposition.®? Work
was conducted at ORNL to develop a more stable modifier. A “second generation” of more
stable modifiers was prepared, of which the best performing member was 1-(2,2,3,3-
tetrafluoropropoxy)-3-(4- sec-butyl phenoxy)-2-propanol, abbreviated Cs-7SBT. In addition,
previous work indicated that either cold Cs may have to be added to the strip stream or TOA be
added to the solvent matrix to maintain the stripping efficiency.®* Adding cold Cs was not
desirable. Subsequent work has demonstrated that the TOA addition to the solvent matrix results
in more effective stripping with impurities present.®®

The synthesis of BOBCalixC6 was developed at ORNL. Using the synthetic procedure
developed at ORNL, IBC Advanced Technologies, Inc., American Fork, UT successfully filled
several orders at the level of 2—50 gramsin FY98 and FY 99. The material was delivered on
schedule and was of high purity.

7.3.2.2 FYO0O - Results

In order to standardize the solvent matrix used in the FY00 CSSX program, al of the solvent was
prepared by ORNL. The primary work in FY 00 involved synthesis of the modifier and
preparation of the required solvent for all R&D work conducted in FY00. This included the
purchase of additional extractant and the chemicals required for modifier synthesis. Thisalso
included optimization of the synthesis of modifier Cs-7SB, which is a purer version of Cs7SBT,
at multi-kilogram scale. ORNL also developed a QA procedure to ensure the effectiveness of
solution performance in batch tests.®* See Section 7.3.8 for information related to solvent
commercialization activities.

7.3.2.3 FYOLl- Current Work

In FY 01, the ORNL team will prepare about 20 L of solvent to support the testing of CSSX at
ANL, ORNL, and SRTC. Such testing will include flowsheet performance using both ssmulants
and real waste in a 32-stage centrifugal contactor cascade. It will also include tests aimed at
studying solvent stability and physical properties. If necessary, additional BOBCalixC6 will be
purchased. Modifier will either be synthesized or purchased from a custom-synthesis supplier,
depending on schedule demands. It is anticipated that solvent required early in FY 01 will be
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prepared at ORNL, and that solvent required later in FY 01 will be prepared commercially.
However, sufficient modifier will be prepared at ORNL to satisfy all solvent needs. ORNL will
prepare the solvent, wash it, perform batch QA tests, and assess purity by NMR and other means
(e.g., ES-MS) as necessary. Based on stability and physical property data, additional
optimization of the solvent matrix may be completed, if required. This includes the possibility of
raising the concentration of the modifier and changing the concentration of the BOBCalixC®6.

7.3.3 Batch Equilibrium With Internal Irradiation Of Solvent (CSSX SOWM 4.1.1, 4.1.2)

Solvent stability (chemical and radiological) is not completely understood. Degradation products
could impact the extraction capabilities of the solvent matrix. These degradation products need
to be identified. The ability to remove degradation products from the solvent matrix may be
required for this process to operate efficiently. The stability of the solvent, and the ability to
prolong its useful lifetime, will be investigated.

7.3.3.1 Previous Results

SRTC personnel performed a test to determine the extraction, scrubbing and stripping
performance of the solvent system with a sample of SRS high level waste. This test employed
two extractions, one scrub and three strip contacts. Cesium distribution coefficients for each of
these contacts were determined. The distribution coefficient for extraction exceeded 11, versus
the design basis value of 8. In addition, the stripping distribution coefficients proved less than
0.1, again an improvement over the design basis value of 0.2.

A number of limitations existed in the tests described above. These tests did not identify any
minor components extracted by the solvent system. In addition, as has been previously reported,
the solvent has been modified to include a new modifier compound.®® Also, no attempt was
made to determine the impact of self-irradiation of the samples. Furthermore, the testing only
explored the performance with waste material from a single source.

7.3.3.2 FYO0O0 - Results

Exposure tests to determine the impact of internal radiation on the solvent were initiated in FY 00
at both SRTC and ORNL. The SRTC internal exposure test used HLW while the ORNL internal
exposure test uses the average SRS waste simulant spiked with Cs-137. The ORNL and SRTC
experimental protocols mirrored each other so that direct comparisons could be made between
the smulant and the real waste test data.

SRTC acquired samples from 5 different HLW tanks. Characterization of the samples and batch
equilibrium contact protocols were initiated.

SRTC developed and implemented an HPL C technique for measuring the solvent components;
this methodol ogy was transferred to ORNL.
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The ORNL internal exposure tests used a simulant solution spiked with Cs-137. Experimental
test plans were developed and approved.®® The experiment was set up in hot cells of the
Radiochemical Materials Analysis Laboratory. All sample preparations were completed, and the
exposures initiated.

ORNL completed dose calculations applicable to the irradiation experimental conditions and to
the centrifugal contactor cascade in the proposed process plant. Preliminary results indicated the
solvent will receive an annual dose 92K Rad per year assuming 100% plant utilization and the
baseline solvent inventory of 1000 gallons. The relatively low dose is the result of the short
residence time (~ 8% of the solvent inventory is in the contactor cascade during operation) of the
solvent in the centrifugal contactor cascade, the large inventory of solvent in the plant, and
Cs-137 and Ba-137m are the nuclides contributing to the solvent dose, assuming the CSSX feed
was subjected to the MST Sr and alpha removal process. The dosimetry report is currently
undergoing technical peer review; the final report will be published during the early part of
FYO01.

7.3.3.3 FYOLl- Current Work

This task addresses activities related to the investigation of the effect of internal irradiation on
the solvent. The ORNL test uses solvent loaded with Cs-137 from the SRS average simulant.
Irradiation of the samples initiated in FY 00 will continue into FY 01, and the sampling and
analysis protocol will continue so as to obtain data ~ 100 - 400% above the expected annual dose
the solvent will receive in the proposed process plant.

The tests involve exposing the solvent to internal radiation from Cs-137 while undergoing
continuous agitation (see Reference 66). The organic to agueous phase ratios agree with the
latest version of the baseline process flowsheet and represent the current standard test conditions
within the program for the extraction, scrub and strip elements within the flowsheet. The single-
contact Cs-137 phase distribution material for all of the batches was prepared in alarge batch,
with subsequent sub-dividing of the phase quantities into individual bottles. This approach was
taken to help minimize preparation variations among the batches as one source of experimental
error.

At selected time intervals, a set of containers (a control using non-radioactive Cs in the smulant,
and samples containing Cs-137 in the simulant) will be removed from the agitation apparatus and
subjected to the evaluation protocol. The solutions will be visually inspected and the phase
separation time will be determined. After the phases have been separated, the organic and
aqueous portions will be analyzed for Cs content (allowing a calculation of Dcs), solvent
components, and solvent decomposition products to yield information as a function of dose.
Dose calculations for the specific geometry of these irradiations were completed in FY00. The
tests is being conducted at ambient temperature, which is being recorded with a computer based
data acquisition system.
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The experimental results will be summarized in an ORNL technical memorandum report. Upon
completion of the experimental plan, effort will be devoted to waste disposal and returning the
hot cell to its condition prior to initiation of this task.

SRTC will investigate the impact of radiation dose received from real waste on solvent
performance using the samples acquired in FY00. The tests will examine the impact of dose on
the extraction, scrub, and strip stages of the process. The extent of loss of key solvent
components will be determined and solvent samples will be further examined to determine if any
degradation products increase the removal of secondary radionuclides. The test protocol mirrors
the ORNL simulant test described in Reference 66.

The results from the SRTC experiments will be published in a report during the 2" quarter of
FYOL.

7.3.4 Batch Equilibrium With External Irradiation Of Solvent (CSSX SOWM 4.1.1)

Batch-equilibrium hot cell tests will be conducted with SRS high activity waste (internal Cs-137
exposure) with following variables:

Modifier alkyl group structure
Diluent structure
Temperature and mixing

7.3.4.1 Previous Results

External radiation testing was conducted at SRTC during FY 98 as a part of the Alternative Salt
Disposition Program and is described completely in Reference 66. Results from these
experiments indicated the modifier Cs-3 degraded approximately 3% and the extractant only 1%
relative to their original concentrations over the test period in which the solvent accumulated 27
Mrad of dose. These experiments indicated no significant impact on stripping, extraction, or
scrubbing from the irradiation. Test results indicated that the cesium distribution coefficient for
stripping became unacceptable above 4 Mrad dose.

7.3.4.2 FYO0O - Results

The preliminary tests described above were performed with smulated waste solution. These
preliminary tests determined the susceptibility of a calixarene-based solvent system to radiation
damage.®” A number of limitations existed in these preliminary tests; the solutions were not
continuously agitated, and irradiation exposure only occurred in the presence of simulated waste
solution. In addition, the solvent matrix has since been modified by the introduction of a new
modifier compound. Therefore, SRTC explored the stability of the new solvent system under a
complete range of conditions representative of the expected conditions in the proposed process.
These tests examined the impact of the following variables: modifier alkyl group structure,
diluent, and mixing.
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Four different solvents were studied in these experiments. All of these solvents employed
calix[4]arene-bis(t-octylbenzo-crown-6) (BOBCalixC6) as the extractant and trioctylamine. One
solvent included the proprietary Cs-7SB modifier, and Exxon Isopar® L asdiluent. Another
solvent included the related Cs-7SBT modifier and Isopar® L. A third solvent included the
proprietary Cs-6 modifier and the Exxon Norpar® 12 diluent, and a fourth solvent employed the
Cs-6 modifier in Isopar® L. During the tests, the Cs-6 modifier was found to form a sparingly
soluble crystalline dihydrate, and the two Cs-6 solvents were therefore not irradiated.

These tests involved exposing the Cs-7SB and Cs-7SBT solvents to external radiation from a
Co-60 gamma source with the samples continuously agitated. Each of the O/A ratios present in
each test represented the O/A ratio anticipated in the proposed process. Each extraction test
employed approximately 25 mL of solvent (with measurements performed in triplicate) while the
tests with the scrub and strip solutions employed 50 mL of solvent. The Co-60 source was
cooled. Previoudly, the lack of cooling has limited experimental temperatures to 30- 40°C.

At the completion of each irradiation cycle, the samples were analyzed. Analyses included the
determination of the D¢cs, measurement of the concentration of the various solvent species, and

determination of the concentrations of any detectable degradation products. Analyses occurred
in parald at both SRTC and ORNL.

No significant degradation of the primary solvent components was observed for doses typical of
the proposed facility lifetime. Less than 10% BOBCalixC6 loss occurred at doses up to 16
Mrad. No statistically significant loss of Cs-7SB modifier occurred at dose of 16 Mrad. Less
than 10% of the TOA degraded at adose of 6 Mrad. At 16 Mrad the concentration of 4-sec-
butylphenol was ~0.4% of the initial modifier concentration.

The only significant decomposition product identified was 4-sec-butylphenol, an expected
decomposition product from the modifier. It was readily removed from the solvent by contact
with a NaOH solution. Batch testing did not indicate any problems with extraction, scrubbing, or
stripping at radiation doses noted above.

7.3.4.3 FYOLl- Current Work

Results obtained in FY 00 on the SRTC-batch external irradiations will be described in areport
scheduled for publication in early FYO1.

This subtask is a continuation of work initiated during FY 00 at SRTC that will be continued at
ORNL in FY01. Externd irradiation studies using a Co-60 source will focus on issues related to
solvent washing and reconstitution. Specific activities will be defined early in FY 01 based upon
the information obtained from FY 00 chemical and thermal stability studies. The impact of
radiation-induced solvent decomposition will be determined, and methods to remove compounds
deleterious to the solvent performance will be evaluated.
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7.3.5 Solvent Physical and Chemical Properties (CSSX SOWM 5.0)

Physical and chemical property data for the solvent matrix must be determined. A better
understanding of process equilibrium and chemistry fundamentals, such as the distribution and
impact of minor components, and the solubility behavior of components and degradation
products as a function of temperature, must be obtained. Experiments will be conducted to
determine this information.

Research and development activities in this area involve numerous studies, each with a specific
goal. The element of continuity within this research is the collection of the body of information
necessary to define and understand the solvent physical and chemical properties. The following
subsections contain information for the various studies.

7.3.5.1 Previous Results

7.35.1.1 Chemical Stability (CSSX SOWM 4.1)

No degradation of the BOBCalixC6 was observed following continuous contact with alkaline
high nitrate simulant for up to 570 hours at 53 + 2°C. However, the Cs-3 modifier was degraded
by 50%, causing a reduction in the Dcs on extraction. The D¢ on stripping was observed to
increase dightly. The Cs-3 degradation products were unidentified, and cannot be washed out
with 0.5 M NaOH. However, their presence did not strongly impair the functioning of the
solvent. Refreshing the degraded solvent by replacing the Cs-3 modifier that was decomposed
with fresh Cs-3 results in a near restoration of the D¢ obtained on extraction and scrubbing with
pristine solvent. However, the Dcs on stripping were somewhat higher than those obtained for
the pristine solvent control.

By NMR, the solvent appears to be stable after up to 43 days of continuous contact with 50 mM
nitric acid scrub solution at 53 + 2°C. No degradation of either the BOBCalixC6 or the Cs-3
modifier was observed.

Stability studies conducted at 25°C between the solvent and the high nitrate simulant reveal the
same type of degradation as observed at 53°C, only at a much slower rate. The solvent retained
88% (Dcs = 10.52 vs. 11.93) of its extraction power after 360 hours continuous contact at 25°C,
and 80% (Dcs = 9.575) after 648 hours (27 days) continuous contact.

7.3.5.1.2 Feed Impurities (CSSX SOWM 5.2)

Researchers at ORNL®® prepared simulated salt solution containing 0.1 mM mercury, 0.1mM
lead, 0.01 mM iron, and 0.011 M silicate. An additional test was performed using perchlorate
concentrations up to 0.01 M. They contacted this simulant with the solvent system and measured
the extraction, scrub and strip performance. The distribution coefficients for this ssmulant
system proved statistically identical to those obtained from simple simulant systems that did not
contain these impurities. In addition, measurements of the concentrations of these speciesin the
scrub and strip solutions found no Al, Cr or Fein the strip solution. A small quantity of Hg

7.53



Tanks Focus Area PNNL-13253
SRS Salt Processing Project R& D Program Plan Revision 1

transferred to the strip solution but most of the Hg (80%) remained in the first scrub solution. In
contrast, Al distributed in nearly equal amounts in the first scrub and the first strip solutions.

Testing at ORNL and ANL indicates that feed impurities can impact the stripping performance.
One such impurity was identified as a surfactant mixture of undecyl- and dodecylsulfonate,
common in detergents used to clean glassware. In FY 98 and FY 99, it was shown that addition of
trioctylamine to the solvent nullifies the effect of traces of such detergent impurities. In addition,
the surfactants were removed by washing the solvent with NaOH solutions.

7.3.5.1.3 Solvent Recovery (CSSX SOWM 5.1.1)

Researchers at ORNL determined the partition coefficients for the calixarene and the modifier
when the solvent contacts various aqueous phases. The partition coefficient for the calixarene
exceeded the detection limit of the test, which suggests the partition ratio is > 10°. The partition
coefficient for the modifier measured approximately 5 x 10? (i.e., less than 4 micromolar
modifier in the aqueous phases). Based on these values, the proposed system would lose less
than 15% of the low cost modifier and less than 1% of the calixarene per year of process plant
operation. However, losses of the solvent due to entrainment of the solvent as fine dropletsin
the agueous phases are expected to be much more important than partitioning losses. Thus, the
guestion of solvent recovery remains an important one to resolve in FY 01.

7.3.5.2 FYO0O - Results

7.3.5.2.1 Phase Behavior of Primary Solvent Components (CSSX SOWM 5.1.1)

The solubility of BOBCalixC6 was measured as a function of modifier and amine concentration.
This was done neat (in the pure form) and in the presence of flowsheet and other aqueous
solutions. Third-phase formation was taken as a solubility limit for extraction complexes upon
loading. The distribution of the primary solvent components to flowsheet aqueous phases and
wash solutions was determined by contacting experiments followed by organic analysis by
HPLC, NMR, or GC as appropriate. Although some sample analyses are still outstanding, the
following conclusions are evident:

(1) BOBCadixC6 at 97% purity is soluble in the process solvent far above the needed
concentration.

(2) Wet solvent is stable to solids formation down to 4°C for at least 2 months on standing.
The modifer Cs-6 forms an insoluble solid dihydrate compound, eliminating it as a
candidate modifier. Cs-7SB used in the baseline solvent shows no such susceptibility;
thisis thought to be a result of the multiple isomers that are present in Cs-7SB.

(3) The solvent is only susceptible to third-phase formation on extraction, primarily
because of the loading of K, which leaves the solvent on scrubbing. Third-phase
formation occurs at approximately 15°C using the full waste simulant. However, if the
K concentration in the smulant is increased to the upper limit of its expected range,
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third-phase formation can occur at approximately 20°C. Increasing the modifier
concentration lowers the temperature for third phase formation. Blending of waste and
implementation of the baseline process operating temperature range within the
extraction segment of the cascade will prevent third phase formation.

(4) Distribution of the primary solvent components to the agueous phase represents a
negligible source of solvent loss.

7.3.5.2.2 Partitioning and Migration of Solute Species (CSSX SOWM 5.1.2)

FY 00 experiments included the standard batch extract/scrub/strip contacting protocol. The
objective was to learn how various inorganic and organic solute species partition between the
solvent and relevant aqueous solutions, migrate through the flowsheet, and possibly accumulate
in the solvent.

The major solvent degradation product, 4-sec-butylphenol, was examined, and easily washed out
of the solvent by a NaOH wash following the strip section. All the mgjor cations were included
in the simulant and the trace metals. Mgor and important minor inorganic anions were
examined. Distribution data were collected for the major and minor inorganic agqueous Species in
the solvent. K and Na are the ions primarily extracted from the full simulant.

Lipophilic organic anions were examined. These anions, such as dibutylphosphate and trace
surfactants, may be present in the waste. Preventative or remediative measures such as solvent
washing and anion exchange were investigated. Partitioning of anions to arange of alkaline or
other wash solutions and to off-the-shelf or synthesized anion-exchange resins were
systematically examined. Dibutylphosphate was shown to distribute partially into the solvent;
however, it easily washed out with agueous NaOH solutions. Surfactant anions extracted from
the smulant were found to remain in the solvent through scrubbing and stripping. If allowed to
build up past the ability of the trioctylamine to neutralize their effect; however, stripping will be
degraded. Certain anion-exchange resins were found to be remarkably effective at removing the
surfactant anions (Kp > 1000). Solvent washing will be examined more fully in FY01.

7.3.5.2.3 Effect of Major and Minor Componentsin Waste Feed (CSSX SOWM 5.1.5)

Thiswork spans FY00 and FYOL. In FY 00, examination of the effect of lipophilic anions was
initiated, as these directly influence extraction and stripping and pose a significant degree of
process risk. Effect on Cs extraction performance, including selectivity, will be tested in FY 01
using a standard batch extraction/scrub/strip protocol and systematic batch tests as a function of
compositional variables.

The effect of lipophilic anions, such as dibutylphosphate, tributyl phosphate, dodecylsulfonate,
phenoxides, and others as recommended by the SRTC, will be examined. If an effective
remediation method is available, solvent rejuvenation will be demonstrated. A 5-cycle
extraction, scrub, and strip test implied that certain components present in the full simulant (but
not in the salts + metals s mulant) accumulate in the solvent and degrade stripping performance.
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Washing with NaOH solutions restores the solvent to normal performance. Dibutylphosphate is
one of the species in the full simulant that may be causing the problem, though other lipophilic
anions may also be involved. Dibutylphosphate was observed to degrade stripping efficiency if
present in the solvent at sufficiently large concentrations. This was found to be true for 4-sec-
butylphenal, an impurity in the Cs-7SB modifier and a degradation product. Both

dibutyl phosphate and 4- sec-butylphenol washed out of the solvent on contact with NaOH
solutions.

7.3.5.2.4 Batch Contacting Demonstration with High-Activity Waste (CSSX SOWM
5.1.7)

The purpose is to demonstrate that realistic activity levels (0.325 Ci/L) can be fully
decontaminated (DF > 40,000) and that the loaded solvent can also be fully stripped without an
intervening spike. Contacts will be performed in crosscurrent batch mode. No attempt will be
made to simulate counter-current conditions. |f needed, stripped solvent will be subjected to
solvent-performance evaluation and diagnostics. Solution preparations for this test were
completed in FY00. The actua contacting experiments were in progress as this document was
being prepared.

7.3.5.2.5 Performance Behavior asa Function of Feed Composition Variability (CSSX
SOWM 5.4)

The measurement of the Cs distribution ratio as a function of the concentration of the major ions
in the smulant was initiated in FY00. Cs distribution under flowsheet conditions was examined.
A significant effect was competition from K, though this is not expected to jeopardize flowsheet
performance within the expected feed concentration limits. Csloading was small, less than 10%
of the BOBCalixC6 concentration. This information was required to support design of the
flowsheet for the real waste tests scheduled for FY 01 and to predict performance over arange of
dilutions of the waste with NaOH. The major ionswill be Na, K, Cs, Al, NOs, and OH.

7.3.5.2.6 Solvent Stability, Analysis, and Cleanup of Degraded Solvent (CSSX SOWM
4.1)

Samples from several areas of work in FY 00 were received and subjected to analytical
procedures and performance assessment. It should be noted that this work is exploratory and
highly dependent upon the extent of solvent degradation and performance. Analyses and tests
are prioritized according to the apparent severity of solvent degradation and to the type of
information needed to diagnose and remediate any identified problems. Samples from the
external irradiation experiment were received and analyzed; the results are in agreement with
those reported by SRTC (presented in Section 7.3.4.2). Samples from flowsheet tests and the
internal irradiations were received at the end of FY 00; analysis and evaluation of the data were
ongoing as this document was being prepared.

Samples were submitted for organic analysis, with selected samples subjected to other diagnostic
experiments such as electrospray mass spectrometry (ES-MS), FTIR, or NMR as warranted.
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Activitiesin this particular area at SRTC and ORNL were designed to complement site
capabilities and to validate results where desirable. Conclusions from the analytical work
performed at ORNL agree with those performed at the SRTC. Namely, degradation of solvent
components out to the equivalent of at least a 10-year dose expected for plant operation were
shown to be negligible. The maor decomposition product formed with a clear dose response
was 4-sec-butylphenol, which derived from the Cs-7SB modifier and was easily removed from
the solvent by contact with NaOH solutions. NMR experiments also showed that some fluorine-
containing organic compounds appeared in the aqueous phase, implying the other fragment from
the decomposition of Cs-7SB does not buildup in the solvent.

7.3.5.2.7 Performance Assessment (CSSX SOWM 4.1.4,5.1.3)

QA procedures to be used on pristine solvent include standard batch extract/scrub/strip
protocol®, third-phase formation, break time, interfacial tension, and selectivity.

Remaining chemical stability issues of the solvent were addressed in FY00. These include
thermal stability over waste simulants containing noble metals, over nitric acid as a function of
concentration, over strip solution, and over other solutions (e.g., wash solutions). Solvent
samples held for 46 days at 60°C still showed acceptable performance in batch extraction
behavior and the in-growth of degradation products could be measured by NMR.

In cooperation with SRTC, certain analyses were performed on agueous and degraded solvent
samples from Co-60 external irradiation tests. These included HPLC, GPC, ES-MS, and NMR
on the solvent samples. Aqueous samples were analyzed for organic degradation products. As
mentioned above, fluorinated compounds appeared to be the maor solvent decomposition
products reporting to the aqueous phase. Performance tests were performed on degraded solvent
samples. These included interfacial tension, break time, batch extract/scrub/strip protocol, third-
phase formation, and extraction selectivity. Interfacia tensions and coal escence behavior
remained within acceptable limits, and third-phase behavior was normal. Extraction selectivity
degraded somewhat with radiation dose in that sodium extraction increases, attributable to the
appearance of the 4-sec-butylphenol, an expected decomposition product from the modifier.
This compound is readily washed from the solvent by contacts with dilute NaOH.

7.3.5.3 FYOLl- Current Work

A report summarizing FY 00 work related to solvent physical/chemical properties will be
published in FYO1.

7.3.5.3.1 Distribution Behavior of Major and Minor Feed Components (CSSX SOWM
44.1,5.2,5.2.1,52.2)

Questions regarding how the major and minor components in the actual waste feed will partition
in the extraction, scrub, and strip stages of the flowsheet and their effect on process performance
will be addressed in FY01. Maor components are important both because of their large effect
on the primary Cs equilibriainvolved in extraction, scrubbing, and stripping and because the
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flowsheet must be designed to ultimately produce a stream of reasonably clean Cs nitrate for
vitrification. Minor components are important because of their potential to build-up in the
system to the point where perturbations on system performance are felt through crud formation,
impaired phase disengagement, or degraded Cs extraction, scrubbing, and stripping.

On receipt of a sample of spent solvent (>100 mL) from the flowsheet test at ANL, QA tests will
be performed that were performed on the pristine solvent shipped to ANL originally. Further
analysis, extract/scrub/strip protocol, and diagnostics may be performed, if needed, according to
the results from the test.

Partitioning behavior of organic species and inorganic species will be measured using
appropriate analytical techniques. Organic species of concern include TBP, TBP degradation
products, n-butanol, trimethylamine, and other minor compounds that might be recommended by
project participants and stakeholders. Because of their demonstrated potential to cause impaired
stripping, certain surfactant species will also be included. Inorganic species include heavy
metals, chromate, aluminate, silicate, and other minor constituents known to be present in the
waste. Partitioning measurements will be made in standard extract/scrub/strip (“ESS’) batch
tests simulating sections of the CSSX flowsheet. Of primary interest is the extraction step. For
species that partition significantly to the solvent, additional measurements will be made to
examine scrubbing and stripping behavior. For species that survive scrubbing and stripping,
tests will be conducted to examine partitioning to typical wash solutions (e.g., NaOH) or, asa
last resort, to ion-exchange resins or other sorbents. This information will be used to recommend
cleanup procedures.

Analytical methodology will include scintillation counting (Cs-137 and Na-22), ICP-AES (Na,
K), ICP-MS (metal ions), ion chromatography (anions), HPLC (organic species), GC (organic
species), and other techniques as required.

The effect of the above organic and inorganic species on Cs extraction behavior will also be
measured. Emphasis will be placed on those minor components that partition strongly to the
solvent. These are likely to include, for example, TBP and n-butanol, together with certain
lipophilic anions. Standard ESS tests will be conducted with Cs-137 tracer. Selected wash
solutions will also be employed in selected cases to explore the effectiveness of washing.

L ab-scale batch-equilibrium tests must also be conducted with waste simulant at variable
temperatures (including 25°C) to perform flowsheet design and to predict performance under
realistic temperature conditions. These tests should aso include arange of feed compositions to
allow the prediction of Cs distribution with real-waste compositions that do not exactly match
that of the prescribed SRS waste simulant. The tests should aso include a range of
concentrations of the solvent components (TOA, modifier, and BOBCalixC6) to enable process
performance to be understood as solvent components are gradually lost to degradation or to the
agueous streams in the process. The tests will employ the ESS batch equilibrium method with
Cs-137 tracer.
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7.3.5.3.2 Equilibrium Modeling of Distribution Behavior (CSSX SOWM 5.3)

An equilibrium model must be developed to improve the predictability of the solvent extraction
process with regard to many process variables, including temperature, and to improve overall
understanding of the process chemistry. This model should take into account variations in the
major agueous components (e.g., Na, K, Cs, nitrate, nitrite, hydroxide, aluminate) and the
influence of matrix changes in the different sections of the flowsheet. It should not only predict
Csdistribution behavior but should also include the distribution of the other major aqueous
components of the system, especially Naand K. Ultimately, the model should allow expansion
to include the distribution of minor components. The model should also include the variation of
solvent-component concentrations.

This element will involve two activities: data collection and computer modeling. Although
some information will be available from the above work, thermodynamic rigor would make it
desirable to measure distribution ratios of Cs, K, and Na versus single agueous el ectrolytes and
simple mixtures. Simple tracer techniques (Cs-137 and Na-22) and ICP-AES will be employed
to quickly generate data points over arange of component concentrations and temperatures.
Computer modeling will be first carried out with the aid of SXFIT, which utilizes the Pitzer
trestment and can handle unlimited electrolytes and solvent components. Within time
constraints, other computer codes will be considered as judged worthwhile.

7.3.5.3.3 Solvent Stability and Cleanup Tests (CSSX SOWM 3.2.4, 4.1)

Thiswork element combines several tasks all related to the issue of solvent radiation and thermal
stability. In most cases, the work will involve close cooperation with other tasks at ORNL,
ANL, and SRTC that are generating samples.

Samples of solvent subjected to radiation and heat treatment under various conditions relevant to
the flowsheet will be received from tasks taking place at ORNL, ANL, and the SRTC.

Solvent from the ANL 5-day 32-stage contactor test on waste ssimulant will be analyzed and
evaluated at ORNL for degradation and for trace-component buildup. Based on this information
and available data on cleanup, a clean-up procedure will be recommended by ORNL to be
carried out at ANL prior to the second 5-day test. The same recommendations will be provided
to the SRTC for possible use in real-waste tests.

Samples from radiation and stability tests continued from FY 00 must be analyzed to determine
the fate of solvent components, appearance of breakdown products, and deterioration of
performance. Samples will be from internal batch and loop irradiation tests conducted at ORNL
and from the thermal stability tests conducted at ORNL. Analyses of samples of externally
irradiated solvent received from SRTC will be completed. Cleanup studies will be carried out on
any solvent samples that exhibit evidence of degradation. Cleanup will consist of contacts with
potential agueous wash solutions (e.g., NaOH) or possibly ion-exchange resins.
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7.3.5.3.4 Analytical Methods Development (CSSX SOWM 4.2, 4.4.2)

Methods to evaluate solvent quality will continue to be studied in order to specify the baseline
pristine solvent quality assay, in-process monitoring requirements, and post-process monitoring.
Such methodology would likely include, for example, HPLC-MS, EM-MS, NMR, distribution
behavior, etc. Organic-phase analytes of interest include the major solvent components, as well
as minor organic and inorganic species shown above to be likely to build up in the solvent.
Other analytes will be considered based on information from the distribution studies and other
analytical work that indicates the particular importance of a given species. Methods need to be
identified for monitoring the concentrations of solvent components so that solvent composition
can be maintained within limits.

On receipt of a sample of spent solvent from the flowsheet test at ANL, QA tests will be
performed that were originally performed on the pristine solvent shipped to ANL. Further
analysis, extract/scrub/strip protocol, and diagnostics may be performed, if needed, according to
the results from the flowsheet test.

On receipt of stripped samples of degraded samples from batch internal radiolysis tests at ORNL,
selected performance tests, diagnostic experiments, and cleanup procedures will be tested.

7.3.6 Solvent Decomposition and Contactor Hydraulic Performance (CSSX SOWM 4.1.3)

Solvent stability (chemical and radiological) is not completely understood. Degradation products
could not only impact the extraction capabilities of the solvent matrix but also impact the
hydraulic performance of the centrifugal contactors. These effects need to be investigated and
means to mitigate their impact must be developed.

7.3.6.1 Previous Results

The radiolytic and chemical stability of the solvent matrix is discussed in the above sections.
Hydraulic performance of the solvent system is outlined below.

7.3.6.1.1 Precipitate and Rag Layer Formation

Researchers at ANL performed a bench-scale solvent extraction test using 2-cm centrifugal
contactors.®® This test consisted of two segments. The first segment involved a single pass of
the solvent through the process. Thistest lasted 90 minutes. At the conclusion of this segment,
ANL personnel drained the stages and inspected the fluids for either precipitates or arag layer.
No significant precipitation or rag layer formation occurred.

Following the first segment, a second segment of the test recirculated the solvent through the
contactors for a period of 3 hours. Again, at the conclusion of this segment, ANL personnel
drained the stages and inspected for the buildup of either precipitates or arag layer. No
significant precipitation or rag layer formation occurred.
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7.3.6.1.2 Phase Separation

The ANL researchers performed three measures of phase separation.®® The first of these
measures determined the dispersion number for the solvent/aqueous systems of interest. These
tests show that, except for low O/A ratios in the strip section, very good to excellent performance
(i.e., dispersion numbers greater than 8 x 10™%) were obtained. Note that the baseline process
design does not include operation at low O/A ratios in the strip section.

The second measure involved single stage hydraulic performance tests. These tests employed a
single stage contactor operated at various flow rates and O/A ratios for the extraction, scrub and
strip stages. Performance ranged from very good to excellent (i.e., less than 1% other phase
carryover) for all tests with the scrub and strip stages. For the extraction stages, performance
degraded at high O/A ratios with other phase carry over reaching 20% in some cases. Note that
the baseline process design does not include operation at these high O/A ratios in the extraction
stages. Performance also suffered at low O/A in the extraction stages when the organic phase
serves as the initial continuous phase. While typical operation would start with the agueous
phase continuous, upset conditions might result in the organic phase becoming the continuous
phase. Thus, recovery from such upset should attempt to first establish the agueous phase as
continuous.

The proposed solvent extraction process has been demonstrated on miniature (2-cm nominal
diameter) centrifugal contactors.®® In that work, testing was first performed with a single stage
contactor and then in a multi-stage array similar to the proposed CSSX flowsheet. The modifier
is different from that currently proposed used in these tests (Cs-3). In the strip tests, cold Cs
nitrate was added to facilitate Cs removal from the solvent. With the currently proposed
modifier, addition of cold Csis unnecessary.

7.3.6.1.3 Single-stage Testing

The flowsheet for the 2-cm centrifugal contactor tests were designed for 80% stage efficiency.
To evaluate the actua efficiency, tests were run in a single-stage 2-cm contactor using the
proposed solvent with various agueous phases, including simulated SRS waste as feed. For
extraction with the simulated waste, the measured efficiency averaged 97.1%. The scrub and
strip tests averaged 80.9% and 99.7%, respectively. When flow rates were much lower than
normal, or when O/A ratios were significantly different from one, the efficiency dropped as low
as 79%.

7.3.6.1.4 Multi-stage Testing

Multi-stage tests were run with two different configurations of contactors. In the first
configuration, there were ten extraction stages, two scrub stages, and six strip stages. The
second configuration contained ten extraction stages, two scrub stages, eleven strip stages and
one rinse stage. The solvent was not recycled in the first series of tests but was recycled in the
second. The rinse stage provided a caustic wash of the solvent before it re-entered the extraction
section.
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In general, the hydraulic and chemical performance demonstrated in these tests were good.
There were some hydraulic problems associated with the small size of the contactors used and
with the effects of trace surfactants present in the hardware. As aresult of the surfactant
problem, the solvent composition was modified by the addition of trioctylamine.

7.3.6.2 FYO0O - Results

7.3.6.2.1 Contactor Testsusing SRS Simulant Waste and Internal Cs-137 Irradiation
(CSSX SOWM 3.1.1.3,4.1.3,4.1.5)

Studies of the "second generation” CSSX solvent with 2-cm contactors were initiated in FY 00 at
ANL. Work with large contactors is being performed at ORNL to increase the reliability of
engineering design extrapolations. Prior to FY 00, no studies with the CSSX solvent and
contactors larger than 2-cm had been performed. Commercially available 5-cm contactors were
procured for these studies.

Throughput and phase separation. Initia hydraulic testing was performed using asingle
centrifugal contactor stage.”® Relative organic and agueous volumetric flowrates (O/A ratios)
were established at values consistent with CSSX flowsheet conditions. At each combination of
organic and agueous flow rates, the contactor speed was varied until cross-phase contamination
was observed in either or both phases. The onset of cross-phase contamination established a
point defining the contactor-operating envelope for the specific test condition. Testing was
performed at a sufficient number of flow conditions to establish operating envelopes applicable
to the extraction, scrubbing, and stripping sections of the CSSX flowsheet. For the extraction
segment of the flowsheet (O/A = 0.3, process baseline) the throughput varied from 1100 to 580
mL/min as the rotor speed varied from 6000 to 2800 rpm, respectively. No solvent carryover to
the aqueous raffinate stream was observed. For the scrub and strip segments of the flowsheet
(O/A =5.0, process baseline) the throughput varied from 920 to 660 mL/min as the rotor speed
varied from 6000 to 3000 rpm, respectively. A dight sheen was observed on the aqueous strip
effluent. If the sheen corresponds to 20 ppm (v/v) solvent carryover, assuming the baseline
flowsheet conditions, the solvent loss due to carryover would be ~14 gallons per year. Results
from the analytical laboratory were unavailable when this document was prepared.

Single-stage masstransfer. Testing also involved contacting a solute-containing phase with an
opposing phase in asingle, 5-cm centrifugal contactor.”* Solution compositions and flow
conditions representative of those expected in the extraction, scrubbing, and stripping sections of
the flowsheet were applied. Flowrates and contactor speeds used in testing were based on the
results of the throughput/phase separation test. Both flowrates and contactor speeds were varied
to investigate possible effects of residence time on mass transfer performance. Prior to testing,
samples of both feed solutions were collected and equilibrated under controlled conditions.
Solute concentrations in the equilibrated phases were used to determine equilibrium distribution
coefficients. These values were compared against results from contactor testing to determine
stage efficiency values. Results from the analytical laboratory were unavailable when this
document was prepared.
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Four-stage masstransfer. The configuration for the four-stage mass transfer testing was
identical to that used in the single-stage mass transfer test, except that the single-stage contactor
was replaced with an assembly of four contactor stages.”* Testing was performed at conditions
approximating those present in the extraction, scrubbing, and stripping sections of the CSSX
baseline flowsheet. Samples of aqueous and organic effluents were collected from the inlets and
outlets of each stage. Organic and agueous inlet samples from each stage were equilibrated in
the correct volume ratios. Samples of equilibrated and separated aqueous and organic phases
were collected and analyzed for Cs and HNOs (when applicable). Comparison of equilibration
sample results with outlet samples was used to determine individual stage efficiencies and the
overal efficiency of the four-stage unit. Results from the analytical |aboratory were unavailable
when this document was prepared.

The throughput and mass transfer efficiency testing identified the need to select a centrifugal
contactor design that emphasizes mixing characteristics versus solution pumping ability to
reduce air entrainment, which may lead to foam generation.

Hydraulic performance. A test apparatus was designed, fabricated, and assembled for
experiments designed to ascertain the impacts that solvent decomposition products from internal
irradiation of the CSSX solvent may have on the hydraulic performance of the centrifugal
contactors.’® Leak testing, verification of the data acquisition software, and cold operational
testing was completed. The apparatus will be installed in the hot cell early in FY01.

7.3.6.3 FYOl- Current Work (CSSX SOWM 4.1.3, 5.4)

FY 01 tests involve operating a single centrifugal contactor with total recycle of the effluent
streams to simulate the operation of a stage from the CSSX reference flowsheet. Simulated
process solutions with added Cs-137 and three different sets of flowsheet conditions are being
used to simulate one stage from each of the three major sections of the CSSX flowsheet
(extraction, scrub and strip). The test apparatus isinstalled in a ORNL hot cell. The primary goal
isto determine the effect of radiation-induced decomposition products on the hydraulic
performance of a centrifugal contactor. In addition, information on the effects of Cs-137
irradiation on solvent performance (Dcs and solvent degradation product formation) will also be
collected.

Simulant solutions®® represent an average of the SRS HLW waste composition, and the
concentration is essentially invariant. Preparation of the smulant results in the formation of
small amounts of insoluble material, which is removed by filtration prior to use. However, solids
formation in filtered and stored simulant continues to occur slowly with time. The overall salt-
treatment process involves a filtration step prior to the CSSX process. Because the product of
the filtration will be collected in an interprocess tank, the continued slow precipitation of saltsis
likely to occur with the real waste. 1n addition, solids may precipitate as a result of the process
chemistry itself, possibly as aresult of alkaline compounds being exposed to acidic conditions as
the solvent moves from the extraction section to the scrub section. The process robustness of the
centrifugal contactors to variations in feed solution composition and to the presence of
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suspended solids must be investigated; however, their use at SRS since 1964 with varying feed
solutions indicate that they have adequate robustness.

Contactor tests to determine the impact of solution composition (solvent component, scrub and
strip acid concentrations, and simulant feed composition variations) will be conducted. The test
matrix will include studies of the extraction, scrub, and strip segments of the proposed process.
The goal of the work is to obtain the information necessary to define the hydraulic robustness of
the process with respect to solution composition. Results from FY 00 throughput studies will
form the baseline of the proposed FY 01 work.

A second set of experiments will be conducted in FY 01 to define the impact that suspended
solids in the waste feed will have on the hydraulic performance of the contactors (Work Scope
Element 5.4.1.3). Suspended solids are likely to have at least two sources. (a) colloidal solids
that survive filtration of the feed solution; and (b) precipitation processes owing to changesin pH
at the extraction-scrub and scrub-strip process transitions. Experiments will be performed with
solids generated from simulant solutions.

Tests of the equipment and flowsheet on simulated waste will provide most of the data needed
for scale-up and final process design. The results from these tests must be confirmed with real
waste to confirm there is no unexpected perturbation of system behavior due to the presence of
minor components in the waste. These components may not have been present in adequate
guantities in the simulant to affect test results. In addition to this confirmation of the simulant
test data, testing on real waste will provide data on potential chemical damage that might not be
fully explored in the smulant testing. The solvent damage data will be used to determine the
best solvent recovery and cleanup process, as well as provide an indication of solvent life before
necessitating complete changeout. It is expected that this test will be conducted using small-
scale equipment so that total operating time can be maximized while minimizing the total
amount of HLW needed for the test. Due to the high levels of radiation associated with the red
waste, the test will be conducted in a shielded facility.

7.3.7 Waste Smulant and Real Waste 2-cm Contactor Flowsheet Tests (CSSX SOWM
3.1,3.2,4.3)

7.3.7.1 Previous Results

The proposed solvent extraction process has been demonstrated on miniature (2-cm nominal
diameter) centrifugal contactors.®® In that work, testing was first performed with a single stage
contactor and then in a multi-stage array similar to the proposed CSSX flowsheet. The modifier
(Cs-3) used in these tests was different from that currently defined in the baseline CSSX solvent.
In the strip tests, cold Cs nitrate was added to facilitate Cs stripping from the solvent. With the
current baseline solvent, which contains TOA, the addition of cold Csis not necessary.

Prior work performed at ANL in FY 98 showed that Cs can be extracted from caustic agueous
solutions representative of the HLW at the SRS using solvent extraction processes carried out in
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centrifugal contactors. The tests showed that, while the process worked, the solvent needed
improvement and the stage efficiency in the 2-cm centrifugal contactor was less than desired.
The solvent was subsequently improved at ORNL in FY 99.

7.3.7.2 FY00-Results(CSSX SOWM 3.1.1.1,3.1.1.2)

During FY 00, the stage efficiency of the 2-cm contactors was improved from 60% to >80%.
Stages were added to yield a 32-stage cascade inside a glovebox, providing afacility for fully
testing the CSSX flowsheet. With the improved solvent, the process flowsheet required for
removing Cs from HLW at SRS was demonstrated using a waste simulant. The goal was to
demonstrate the entire process while achieving a DF of at least 40,000 and CF of 12. It should
be noted that the CSSX process interface to DWPF requires a minimum CF of 12; the process
target for CSSX is 15. The test used simulant with Cs-137 spike as feed.

In September 2000, the “proof-of-concept” flowsheet test was completed. This test did not
recycle the solvent. The DF achieved during the test was greater than 80,000, exceeding the test
goal by afactor of two. The Cs concentration factor achieved was 16.5 versus the test goal of
15. The organic solvent output stream was stripped of Csto alevel equivalent to the Cslevel in
the agueous raffinate stream.

7.3.7.3 FYOL- Current Work (CSSX SOWM 3.2.4)

At the start of FY 01, analysis of the results from the flowsheet test conducted in FY 00 will be
completed and an ANL report covering that work will be published.

Two centrifugal contactor tests will be conducted with a 32-stage bank of 2-cm contactors
housed in aglovebox at ANL. Testswill be conducted using solvent and waste smulant. The
goal isto show that a DF of 40,000 and a CF of 15 can be simultaneoudly achieved. The waste
simulant will be spiked with enough Cs-137 so that a DF of 40,000 can be measured accurately.
The first test will limit the solvent recycle to atotal of four times. The second test will involve 4
to 5 days of continuous operation of the system. The primary goal of the second test isto
demonstrate that the DF and CF can be maintained over extended periods of operation. The
secondary goal is to expose the solvent to as many process cycles as reasonably possible and
observe whether degradation products form or whether feed impurities build up in the solvent.

Additional tests will be carried out in a multistage 4-cm centrifugal contactor to demonstrate
solvent recovery from the aqueous raffinate. The solvent will be recovered from the agueous
raffinate by contacting it in a contactor stage with the solvent diluent Isopar® L as the organic
phase. The 4-cm contactor will be used because it accommodates higher throughputs that give
continuous interstage flows, as will be the case in plant-scale units. The tests will determine the
conditions required for good operation and the rate of solvent recovery. To determine a process
for separating the diluent from the recovered solvent, other tests (i.e., vacuum distillation) may
be carried out. Based on the results of these tests, the economics of solvent recovery will be
determined. Thiswork will demonstrate that solvent can be recovered and will evaluate the cost
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of thisrecovery. From this work, the feasibility, need, and importance of a solvent recovery
system can be determined.

A real waste test using 2-cm contactors will be conducted in the second quarter of FY 01 at
SRTC. The objectives of the real waste test are similar to that noted for the ANL tests, but with
the added objective of ascertaining the impact of components, particularly trace components,
contained in the real waste that are not contained in the average SRS simulant. The duration of
the real waste test will alow the solvent to be recycled 28 times, which is 1% of the number of
annual recycles that will occur in the proposed process plant. The number of solvent recyclesis
based on the waste feed volume needs (~130 L) and the desire for this test to represent a
reasonable pre-pilot scale test.”®

7.3.8 Solvent Commer cialization (CSSX SOWM 6.1 —6.3)

7.3.8.1 Previous Results

The extractant BOBCalixC6 has been provided in small batches (<50 kg) of high-quality
material by IBC Advanced Technologies, a small specialty chemicals company, since 1998. The
Cs-7SB modifier has only been produced at ORNL and is not commercially available. The
Commercialization Plan or Technology Transfer Plan includes protecting intellectual property by
way of patents and non-disclosure agreements as necessary. An invention disclosure covering
the synthesis and use of the second-generation modifiers was submitted to ORNL’s Office of
Technology Transfer in FY 99.

7.3.8.2 FYO0O0-Reaults

In FY 00, the BOBCalixC6 modifier was successfully prepared at ORNL at the 3.0- and 3.6-kg
scale. The DOE isin the process of completing a patent application for these modifiers, most
likely as a continuation-in-part of the previoudly filed patent application covering the CSSX
process.”*

In FY 00, IBC Advanced Technologies, Inc., located in American Fork, UT, successfully
manufactured and delivered on schedule a 1-kg lot of BOBCalixC6; the material was of high
purity. IBC Advanced Technologies, Inc. aso expressed willingness and confidence in their
ability to produce larger quantities of the material.”

Personnel at ORNL contacted candidate chemical producers and custom synthesis companies,
and identified potential candidate firms to supply the chemicals on the scale required by the
proposed process EI ant. The results of this effort were summarized in a series of letter reports
submitted to SRS."®"""®

7.66



Tanks Focus Area PNNL-13253
SRS Salt Processing Project R& D Program Plan Revision 1

7.3.8.3 FYO0l1l-Current Work

The synthesis of the extractant, BOBCalixC6, and the modifier, Cs-7SB, is not complicated, and
the important starting materials are available commercially. Companies involved in the toll
manufacture of speciality chemicals will be able to meet the needs of the CSSX process plant.
Activitiesin FY01 will be directed toward the identification of multiple producers.

A Procurement Plan will be written to obtain 44 kg of BOBCalixC6 and a like amount of
Cs-7SB modifier, within specification, by the SWPF start-up phase. The Request for
Information will be continued and Requests for Quotations issued in April 2001.

The ability to prepare the BOBCalixC6 in commercia quantities has been demonstrated.
However, a least one additional manufacturer should be contacted for producing the
BOBCalixC6 for competitive procurement purposes. The potentially improved method for
preparing the BOBCalixC6 will be transferred to the candidate companies under the guidance of
legal and intellectual property personnel at ORNL. To demonstrate that a company other than
IBC is capable of making the BOBCalixC6 at the required purity level, one candidate company
will be selected to manufacture a 50-g quantity of the material.

The patent application covering the synthesis of the Cs-7SB modifier will be filed early in FY01.
Interaction between DOE patent counsel and ORNL personnel will involve finalizing the
application prior to submission to the U.S. Patent & Trademark Office. The synthetic procedure
developed for the 3.6-kg scale will be written up and transferred to candidate companies. The
first step in the commercia manufacture of Cs-7SB will be to contact severa companies and
assess their synthetic capabilities regarding the modifier manufacture. Quotes will then be
obtained on the manufacture of 1-2 kg quantities of the modifier. Two candidate manufacturers
will be selected to prepare these 1-2 kg amounts. It would be desirable to time this so that if
these commercially prepared modifier batches meet specifications, solvent could be prepared
using the material. Following that, candidate companies will bid for the opportunity to prepare a
10-kg quantity (sufficient to prepare 59 L of solvent). In selecting candidate companies, the
ability to manufacture 100-kg quantities will be an important qualification factor. Many
companies who can custom manufacture 10-kg quantities of materials do not have the equipment
to manufacture 100+ kg quantities. It should be noted that every 10 L of solvent requires about
1.7 kg of Cs-7SB modifier.

7.4 Small Tank TPB Precipitation

In the STTP process, Sr and apha are sorbed and Cs precipitated in two continuous stirred tank
reactors arranged in series. The solids produced, with the radioactive species, are separated from
the DSS by cross-flow filtration. The solids accumulate continuously in a concentrator tank, and
are then sent in batches to awash tank. The concentrated slurry is washed to reduce the salt
content and the spent wash is used as dilution water in the first reactor.
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The washed durry is sent in two batches to the precipitate reactor feed tank. The precipitate is
hydrolyzed with acid, and the organic product, largely benzene, is stored and incinerated. The
aqueous product is sent to DWPF to be vitrified along with sludge waste.

7.4.1 R&D Roadmap Summary — Small Tank TPB Precipitation

Achieving critical project decision milestones requires completion of important science and
technology activities. Failure to meet technology insertion milestones into the integrated project
schedule will delay startup of the salt removal process. This will result in inadequate tank
storage space availability, jeopardizing of the DWPF operations, and other SRS missions along
with significantly impacting the ability for SRS to support the complex relative to new missions.

This Science and Technology Roadmap (Figure 7.4), a subset of the overall SPP roadmap,
defines needs in the following three basic categories:

Process chemistry,
Process engineering, and
HLW System interface.

Process chemistry includes data on the thermal and hydraulic transport properties, reaction
kinetics, and mass transfer properties that are needed to finalize the conceptual design. These
data are used to establish the physical and engineering property basis for the project and detailed
design. Examples of key decisions resulting from these activities include selecting tank mixing
technology, selecting filtration technology, selecting reactor design, and finalizing the process
flowshest.

Physical property and process engineering data from engineering scale tests will be developed
during conceptual design. Confirmatory performance datawill be developed during unit
operations testing to support preliminary design. These data are needed to resolve issues related
to equipment sizing, specific equipment attributes, materials of construction, and operational
parameters such as pressure drop and requirements for temperature control. A key deliverable
for this phase is demonstrating that the individual components will function as intended in
support of establishing the design input for the final design stage of the project.

Integrated pilot facility operations will be completed during final design to confirm operation
under upset conditions. This will establish the limits of operation and recovery, the limits of feed
composition variability, and will confirm design assumptions. This testing directly supports
development of operating procedures, simulator development, and operator training.

Additional development and testing during conceptual design will help assure proper feed and
product interfaces of the Cs removal process with the HLW Tank Farm, DWPF and Saltstone.
The issues of concern include assurance of glass, waste feed blending and characterization, and
waste acceptance.

7.68



Tanks Focus Area

SRS Salt Processing Project R& D Program Plan

PNNL-13253
Revision 1

Figure 7.4 Science and Technology Roadmap for Small Tank TPB Precipitation Cs Removal Process
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For each process alternative, science and technology questions and issues exist. These
guestions require resolution to complete the design and construction activitiesin atime
frame that allows HLW tank decommissioning in accordance with compliance
agreements with the State of South Carolina and the EPA. SRS personnel worked closely
with the DOE Office of Science & Technology through the TFA to develop the SPP
Science and Technology Roadmap. Development of these roadmaps incorporated inputs
from Subject Matter Experts using the Team's Selection Phase Work Scope Matrix,
Selection Phase Science and Technology Reports, Pre-conceptual Phase
Risks/Uncertainties, and Process Engineering Fundamentals. This document outlines the
needed technical studies and demonstrations necessary to provide the designers,
operators, and DOE management the information necessary to proceed through key
decision points of the STTP project.

For STTP, the key issues include understanding TPB precipitation kinetics, TRU sorption
kinetics, reactor mixing, and excess TPB to support washing and to alow proper
precipitation reactor sizing. While engineered features will address the key benzene
safety concerns, catalytic decomposition of TPB at lower temperatures remains an issue
relative to operability. Similarly, operation at a smaller scale than used in the original
precipitation prompts questions related to potential foam formation and the need to
mitigate the impact of system hydraulics.

Detailed logic diagrams that illustrate the various R& D activities, their interactions, and
decision points are presented in Appendix A.

7.4.2 Tetraphenylborate Decomposition Studies (STTP SOWM 2.1 - 2.4, 3.0)

In the late 1970s and the 1980s, the SRS developed a process for removing cesium from
salt solutions by using NaTPB to precipitate the Cs. Since the precipitation process was
carried out within the SRS HLW tanks, the process was known as the “In-Tank
Precipitation (ITP)” process. SRS successfully completed a plant-scale demonstration of
Csremova from the salt solution; however, flammable benzene was also produced as a
by-product of the precipitation reaction. This benzene generation at the time was
attributed to TPB decomposition due to exposure of the TPB to the high radiation level in
the waste. In 1995, SRS initiated the ITP processin HLW Tank 48, which contained
~450,000 gallons of radioactive salt solution; however, the process had to be halted after
~3 months of operation due to benzene generation rates which were much higher than
expected. Subsequent studies led to the possibility that metals in the salt solution were
acting as a catalyst for the decomposition of TPB to benzene. Asaresult, SRS concluded
that safety and production requirements could not be met and I TP operations were
terminated.

Catalytic decomposition of TPB is a high risk area which must be resolved if STTPisto
be selected as the process for removal of Cs from the SRS HLW tanks.
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7.4.2.1 Previous Results

Prior to the decision to open the search for a new salt processing alternative, extensive
testing of the degradation of NaTPB was performed. This testing investigated the nature
of the catalyst and the requirement for decomposition. Investigations into catalyst
decomposition indicate that both Cu and Pd are active catalysts in alkaline waste
conditions. Pd is significantly more reactive with TPB, than copper. The Pd catalyst
speciesis believed to be Pd(0) metal supported on TPB solids. Hg, O, temperature,
benzene, and phenylborate intermediates affect catalyst activation. Cu catalyzes all four
phenylborate species. Cu is abetter catalyst than Pd for decomposition of the last two
intermediates in the decomposition chain (i.e., diphenylborinic acid and phenylboronic
acid). Continuing research into the decomposition reaction was primarily directed at
resolving open questions raised by the DNFSB 96-1 recommendation. In addition,
research was needed to address the validity of the assumed benzene generation rate used
in the preconceptual design basis. This research focused on two primary areas.

The first area of emphasis was to establish conditions under which the decomposition
reaction could be effectively inhibited. The first set of tests used inhibiting agents to
reduce the reaction rate.”® These tests were based on previous tests that identified
potential inhibiting agents. The primary focus of these tests was to investigate the impact
of elevated temperature and exposure to radiation on the performance of inhibiting
agents. These tests indicated that the use of a proprietary oxidizing agent at higher
temperatures was less effective than at reduced temperatures. Another inhibiting agent
(Na sulfide) showed only modest ability to mitigate reaction rates at el evated
temperatures while a third (dimethylglyoxime) provided good performance as an
inhibitor. However, the impact of radiation on inhibitor performance is inconclusive at
this time.

The second set of tests examined the use of low temperature to slow reaction rates.®°
Previous testing indicated that very little decomposition occurred at 25°C. Thus, testing
was initiated to determine the impact of temperature on catalyst activity. These data
indicated that the decomposition reaction for TPB exhibited an activation energy of

~47 kIJmole. However, these tests did indicate that the presence of oxygen at low
temperatures can prevent the activation of the catalyst. However, increased temperature
can significantly decrease the incubation period for this reaction. These tests also
indicated that the total quantity of soluble Pd(I1) added to the system had very little
impact on the final decomposition rate. Also, the addition of Pt(1V) resulted in
significantly lower catalytic activity relative to Pd(l1).

The final step in testing the proposed methods for inhibiting the decomposition reaction
was measuring their efficacy with HLW from the SRS tank farm.?! A series of tests were
performed to determine the performance of these inhibitor methods with a composite of
material from Tank 43H and 38H. These tests also evaluated simple removal of
entrained solids as a potential inhibitor method. These tests indicated that reduction in
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temperature was the most effective method of reducing catalytic activity. However, even
under conditions in which no inhibitor was added, the observed reaction rates were
relatively low. Thislow activity was attributed to the absence of suspected catalyst
species; in particular the absence of Pd. As such, the observed lack of efficacy of the
selected inhibiting agents is expected.

While the above testing did not indicate a significant decrease in catalytic activity
following filtration of the salt solution prior to introduction of the TPB, additional testing
indicated that filtration following precipitation (and significant decomposition reaction),
significantly decreased the catalytic activity of the filtrate.® These results suggest that
the catalytically active species may well enter the system as a soluble species but may be
converted to an insoluble species upon exposure to TPB (in a reactive system).

Additional testing explored the catalytic mechanism for the activation of Pd.2® As
indicated above, significant speculation on the role of oxygen in the activation of Pd
catalyst had been strongly suggested. These tests indicated that the presence of oxygen at
low temperatures (25°C) prevented the decomposition of NaTPB. However, at €l evated
temperatures (45°C) the presence of oxygen proved insufficient to eliminate catalytic
activity.

Additional tests indicated that Pd on BaSO,4 was a more effective catalyst for the
decomposition of TPB than Pd(0) on activated carbon or Pt(1V) on activated carbon.
(Note that Pd(I1) reduced in TPB slurries was more reactive than Pd on Ba S04). An
additional study searched for spectrophotometric evidence of phenylborate — palladium
complexes.®* These UV-visible measurements were unable to detect the presence of any
such complexes.

Work prior to FY 00 concentrated on studies to determine what component(s) were
catalyzing the decomposition of the TPB and what conditions were necessary for the
decomposition reaction to occur. The major findings were: (1) Pd(0) supported on TPB
solids was believed to be the active catalytic species, (2) dimethylglyoximine inhibited
the reaction, (3) the reduction of temperature was the most effective method of reducing
catalytic activity, and (4) the catalytically active species may enter the system asa
soluble species and be converted to an insoluble species upon exposure to TPB in an
active system.

7.4.2.2 FY00-Results

One of the most significant issues associated with the small tank precipitation process
involves closure of the open DNFSB 96-1 issues. The workscope to address these issues
contains three primary elements. (1) developing an increased understanding of the
catalyst system, (2) evaluating the catalytic activity in HLW samples, and

(3) demonstrating the performance of the CSTR system in the presence of a significant
decomposition.
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To develop an increased understanding of the catalyst system, experts in the field of
catalysis (Dr. James Boncella from the University of Florida and Dr. Bruce King from the
University of Georgia) were contracted to review past work on the catalytic degradation
of TPB and to guide future work in this area. As part of this effort, the consultants
conducted literature studies documenting potential mechanisms for TPB degradation.

The Suzuki Coupling Reaction, in which TPB hydrolysis by Pd and/or Hg has been
demonstrated, was proposed as the possible mechanism for the TPB decomposition.
Studies were conducted to determine if the proposed mechanism was correct; additional
tests will be conducted in FY01.

Work in FY 00 included studies to examine both potential catalysts and compounds which
could have a synergistic effect on the catalytic decomposition. Inlooking at potential
catalysts, work focused on Pd because previous studies showed that Pd was an active
catalyst in alkaline waste conditions. These tests were designed to explore the
fundamental form of the Pd responsible for the catalytic process; in particular, the
oxidation state, state of the catalyst (homogeneous or heterogeneous), and type of support
material. Varying forms of Pd were employed (supported, organometallic, reduced) and
TPB surrogates were used. Pd(0) on alumina showed the highest activity for TPB
decomposition and the reaction rate was shown to be dependent on the Pd concentration.
It was also shown that Pd(l1) reduced in simulated waste to form nanoclusters; some of
which incorporated Hg. The nanoclusters had a large surface area and were very
reactive. Also, reduced Pt on aluminawas shown to have reactivity similar to Pd on
alumina; however, the Pt concentration in the HLW tanks at SRS was minor relative to
Pd. Ru and Rh on alumina was shown to be ~25% less reactive than Pd(0) on alumina.
While Rh and Ru are more plentiful than Pd in the SRS HLW tanks, it is less likely that
these have been reduced to the active metal form. Studies are currently underway to
determine conditions that may reduce these components. These tests are also examining
the potential mechanism for Pd catalysis, as suggested by a panel of experts.®

Pd° +TPB #%® Pd" <TPB
Pd" XTPB-#%® PdH xTPB+OH"
PdH TPB-%® Ph,>B + PhH + Pd°

Testing was conducted to examine elements, which might have synergistic effects on the
decomposition reaction. Hg was shown to be an important part of the decomposition
reaction and was active whether added as a soluble salt or as diphenyl Hg (although some
tests showed that the catalytic decomposition was greater if diphenyl Hg was used).
Testing was aso conducted to determine if Cd and Ag behave similar to Hg and could be
used to enhance the catalytic decomposition in the absence of Hg. These tests indicated
that Ag and Cd do not provide reactivity similar to Hg and that very little TPB
decomposition occurred when Ag or Cd was used to replace Hg.

Additional tests were conducted to explore the potential synergism between the catalytic
activity of various metals and Pd. In these tests, equimolar concentrations of Cu, Fe, Rh,
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and Ru were each added to a standard salt solution containing 2.6 mg/L of Pd(0) on
alumina and reacted at 70°C. The Rh and Ru were added in reduced form on alumina
powder and the Cu and Fe were added in +2 and +3 oxidation states, respectively. The
data indicated that no significant synergistic interactions occurred with any of these
metals. Pd(0) with either C(I1) or Ru(0) was marginally more reactive than Pd(0) alone,
and Rh(0) with Pd(0) was dightly less reactive than Pd(0) alone.

Testing was performed to investigate the role of degradation products in the activation of
the Pd catalyst. Previous testing indicated that the presence of one or more of the
degradation products must be present for TPB degradation to occur, and these
degradation products play a significant role in the activation of the catalytic species. The
data indicate that diphenylborinic acid may be the intermediate of importance in the
decomposition reaction; however, additional studies are necessary to confirm this.

Another aspect of testing employed a variety of both solid state and liquid phase
characterization techniques. NMR studies were performed to potentially provide a
simpler technique for measurement of reaction kinetics. In addition, NMR offers the
potential to identify organometallic Pd species. NMR testing on TPB degradation
kinetics was completed during FY 00. The tests indicted that good separation of the
intermediates could not be obtained by NMR unless sample preparation, similar to the
preparation necessary for HPLC, was conducted. Therefore, it was unlikely that any
additional information, above what has been learned from HPLC tests, could be
generated by further NMR tests. Asaresult, the TPB degradation kinetics NMR tests
were terminated, and NMR work was initiated to study the role of different Hg speciesin
the degradation reaction. Key findings included the following:

(1) Pdiscapable of catalyzing the degradation in the absence of Hg;
(2) When Hg was added to the Pd system in the form of mercuric nitrate or
phenylmercuric nitrate basic, the rate of TPB degradation was roughly the same

asthe rate without Hg present;

(3) When Hg was added to the system in the form of diphenylmercury, the rate of
TPB degradation was greatly accelerated;

(4) No TPB degradation was observed for a system which contained phenylmercuric
nitrate basic alone with no Pd present;

(5) Thedistribution of lower phenylborates (1PB, 2PB, and 3PB) varied as a
function of the catalyst system;

(6) Sample analysis during the first 17 hours of reaction showed no presence of
lower phenylborates, indicating that an “induction period” may be necessary; and
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(7) The appearance of the metal precipitates in the reaction mixture varied with the
catalyst system, possibly indicating that the formation of the active catalyst may
vary with the chemical form of Hg added.

The results from the Hg NMR studies are being evaluated to resolve differences with
information from previous bench-scale testing. The catalyst consultants, Dr. Boncella
and Dr. King, are reviewing these results to determine if some of the NMR tests should
be repeated or if additional tests need to be conducted in FY 01 to resolve these
differences.

Another method of exploring Pd speciation involved the use of electrochemical and
spectroscopic techniques to evaluate the state of the aqueous phase Pd species. Tests will
determine the oxidation states and behavior of potential catalytic metalsin alkaline waste.
These studies will employ available analytical tools such as cyclic voltammetry and FTIR
in smplified salt solutions. In addition to Pd, a number of other potentially catalytic
metals are being explored, including Ru and Rh. Potentialy useful characterization
techniques, such as x-ray photoel ectron spectrometry, and electron microprobe and x-ray
absorption, are being tested to determine the state of the solid phase catalyst.

The second aspect of thiswork continued to examine the catalytic activity of real waste.
These tests will not only provide insight into the potentia reaction rates that would be
observed with real waste, but would also provide insight into the catalytic mechanism
based on extensive analysis of the waste composition. In FYQ0, six SRS waste tanks
were sampled for characterization and testing. Based on historical knowledge, these
tanks were selected to be representative of the SRS storage tank waste and to bound the
catalytic decomposition rates. Tests with these tank wastes were initiated in late FY 00
and will continue into FY01.

The third aspect of the testing involved a 20-L CSTR (1/4000 scale) demonstration of the
precipitation process in the presence of a significant decomposition reaction. The intent
of this testing was to demonstrate that the proposed precipitation process would continue
to provide DSS even in the presence of a significant decomposition reaction. The
1/4000-scale 20-L CSTR system used in FY 99 testing was upgraded in FY 00 to correct
deficiencies and enhance automation and data acquisition.

Work at the SRTC was completed in FY 00 to define a simulated catalyst system using
reduced Pd supported on alumina, which would decompose soluble NaTPB in a
continuous precipitation system. Thetest system used asingle 1-L CSTR and a 1-L
concentration tank fitted with a Mott sintered metal filter tube. The CSTR had a
residence time of 8 hours. Testing occurred over atemperature range of 25°C to 45°C
and the catalyst system included reduced Pd on alumina powder, Hg(l1) nitrate, benzene,
phenylboronic acid, and B52 antifoam. The SRS average waste salt solution was used
during these tests. The objective of the test, based on benzene generation data from
studies of HLW Tank 48, was to achieve a benzene generation rate of 10 mg/(L.h) at

10 wt% solids in the concentration tank. At 25°C and 7.5 wt% solids in the concentrate
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tank, a benzene generation rate of 15 mg/(L.h) was achieved. As aresult, the following
catalyst system was recommended for the 20-L test system at ORNL: 7.8 mg/L Pd(0) on
alumina powder, 80 mg/L Hg(Il) nitrate, 720 mg/L benzene, 500 mg/L phenylboronic
acid, and 1000 mg/L B52 antifoam.

In summarizing work completed during FY 00, substantial progress was made in
characterizing and understanding the catalytic decomposition mechanism. Magjor
progress included: (1) contracting Dr. Boncella and Dr. King to assist with the catalyst
characterization and development, (2) identification of the Suzuki Coupling Reaction as
the potential mechanism for the decomposition, (3) verifying that Pd(0), Pt(0), Rh(0), and
Ru(0) on alumina are catalytically active, (4) showing Pd is capable of catalyzing the
degradation in the absence of Hg but that when Hg is added as diphenylmercury the rate
is greatly increased, (5) showing that Hg promoted catalytic decomposition while Ag and
Cd did not, (6) demonstrating that bi-metalic complexes between Pd and Cu, Fe, Rh, or
Ru showed no significant synergistic effects, and (7) showing that Pd(I1) reduced in
smulated waste to form nanoclusters, some of which incorporated Hg.

7.4.2.3 FYO1 - Current Work

FY 01 work on TPB decomposition focuses on using additional HLW tank waste samples
collected in FY 00 to verify the relationship between waste composition and TPB
decomposition during treatment. The rate of TPB decomposition will be determined for
the six HLW waste samples identified with different catalyst systems. Additional testing
to further define and validate the decomposition mechanism will be conducted.
Consultants will continue to support catalyst development through review of the on-going
catalyst studies, providing test recommendations, supporting external reviews, and
providing information from literature reviews Additional testing, based on the results of
synergistic tests conducted in FY 00, will be performed. Also, testing of nanoparticle Pd
clustersis planned for FY01.

A contract has been placed with Dr. Martine Duff and Dr. Douglas Hunter from the
University of Georgia s Savannah River Ecology Laboratory to provide Extended X-ray
Absorption Fine-Structure (EXAFS) spectroscopy analysis of potential catalyst materials.
Work in FY 01 will address the analysis of actual HLW sludge material encapsulated in
phenolic resin. These analyses seek to identify the nature of the Pd in the HLW sSludge.
Analyses of Rh, Ru, and Pd-doped tetraphenylborate solids will also be conducted.

Demonstration testing is continuing in FY 01 using the 1/4000-scale CSTR system. The
CSTR system will operate to demonstrate the improved understanding of the catalyst
system. Thisimproved understanding occurred as a result of on-going bench-scale tests
with surrogates and real waste. Both open loop and closed loop tests will be conducted.
In the open loop test, the system will be operated using two CSTRs and the concentrate
tank in series. The close loop tests will operate in a fully integrated mode, which
includes operation with the two CSTRs and the concentrate tank in series, aswell as
washing, recovery, and recycle of NaTPB, while TPB is actively decomposing.
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Operational parameters for these 1/4000-scale tests will be developed based on the results
from on-going bench-scale tests with surrogate and real wastes.

7.4.3 CsPrecipitation Kinetics (STTP SOWM 2.5, 4.1)

The ITP process was designed to operate as a batch process. Prior work established the
required kinetics and solubility information for the batch precipitation process,26:87:8889
The fundamental steps of interest for the precipitation reaction follow.

Na" +TPB" %:® NaTPB
K*+TPB %® KTPB
Cs* +TPB" %#:® CsTPB

It should be noted that the above are equilibria equations and that the reverse rates are
also important. Prior tests were unfortunately not designed to provide the data required
for predicting the performance of a continuous process. Since the STTP process will
utilize CSTRs, a significant research effort is necessary to investigate precipitation
chemistry under more representative conditions.

7.4.3.1 Previous Results

The first segment of this work extended existing basic batch data under conditions
approaching those of the continuous process. Kinetic precipitation data was obtained
exploring a number of potential process variables®® These variablesincluded the
guantity of excess reagent employed, the ratio of K and Csin the waste stream, the Na
molarity of the solution and the degree of agitation employed. The most significant
impact was associated with the degree of mixing employed. Both the quantity of excess
reagent employed and the Na molarity moderately impacted the precipitation kinetics.

Earlier results indicated that a significant portion of the excess reagent was immediately
precipitated as NaTPB and was not readily available for precipitation of K and Cs. The
next segment of testing evaluated the extent of this phenomenon.®* These tests indicated
that NaTPB precipitation occurs by co-precipitation and also occurs by exceeding the
local solubility limit during the mixing of the feed stream with the bulk reactor material.
The amount of co-precipitation that occursis a strong function of the Na molarity of the
salt solution. These results further indicated that the precipitation of Cs"and K*
effectively forms an isomorphic substituted crystal consisting of KTPB with CSTPB and
NaTPB mixed throughout the crystalline lattice. Based on these results, a simplified
model of the mixing that occurs during the precipitation reaction was devel oped.®?

Based on the previous batch precipitation work, tests were performed to examine the

performance of the precipitation process using the proposed CSTR configuration.®® The
primary goal of these tests was to demonstrate the ability to achieve the desired DF in the
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desired reactor configuration. Testing explored the impact of a number of variables on
the achieved DF. These variables included the agitator type, the quantity of excess
reagent employed, residence time in the reactors, concentration of NaTPB added, and the
bulk solution Na molarity. These tests indicated that using of longer residence time and
adding dilute NaTPB feedstocks resulted in the highest DFs. Conversaly, use of different
agitator types did not significantly alter the system performance.

The next stage of work was to demonstrate the continuous precipitation process using
larger scale equipment.®* A 1/4000-scal e continuous precipitation system was fabricated,
including concentration and washing stages. Two demonstrations were performed with
this equipment. The first demonstration involved only the concentration step. The
second demonstration also employed the washing step and recycled the wash water to the
reactors (as required by the proposed design). The required Cs remova was
demonstrated during both tests. The required Sr and U removal were demonstrated in the
first test, feed solution preparation prohibited determination in the second test. However,
only alimited quantity of the excess NaTPB was recovered during the washing.

The fina element of the precipitation demonstration involved the continuous

precipitation process using HLW from the SRS tank farm.®® These tests used actual

HLW from the SRS tanks and no components were added to or removed from the real
waste samples used in the tests. The test system contained two CSTRs, each with an
operating volume of ~500 mL, operating in series. Samples from the effluent of the
second CSTR indicated that Cs decontamination factors (DF) >40,000 were achieved and
the concentration of Sr was reduced to below 1 nCi/mL. However, the formation of foam
posed a significant problem during the performance of this test element. One test was
prematurely terminated due to the formation of foam and a second test was interrupted
due to foam formation.

In summary, basic batch kinetics were extended to those approaching a continuous
process and it was shown that the quantity of excess reagent, the Na molarity, and the
degree of agitation impacted precipitation kinetics. The precipitation process was
successfully demonstrated using surrogate wastes at a 1/4000 scale, with design DFs
being met for Cs, Sr, and U. In areal waste CSTR tests the design DFs or Cs and Sr were
obtained but could not be maintained because of operational problems associated with
hydraulics and foaming.

7.4.3.2 FY00-Results

A 20-L CSTR test to evaluate the decontamination efficiency of the STTP process was
completed during FY00. Additional runs with this system will be conducted in FYOL1.
The system used in the test for FY 00 included two CSTRs operating in series and was a
single-pass, 72-hour test with an 8-hour residence time in the CSTRs. The durriesin
each vessel were mixed at 1200 to 1250 rpm while maintaining the temperature at 25°C.
No sludge or catalyst was added to the salt feed. Antifoam concentrations of 11T B52
were maintained at 50 ppm/v (parts per million by volume) in each CSTR and 100 ppm/v
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in the Slurry Concentration Tank. The concentration of Cs-137 in the salt feed (average
SRS simulant) was ~9 mCi/L and ~6.2 mCi/L in the CSTR slurry. The concentrations of
Sr-85 and U (93 wt% U-235) in the salt feed were 0.066 mCi/L and 0.9 mg/L,
respectively.

The DFsfor Cs, Sr, and U obtained for the filtrate from the Slurry Concentration Tank
were >40,000, ~50, and ~5, respectively. The DF for Cs reached 10,000 in about 36
hours and 40,000 in about 70 hours. DFs of 40,000 were obtained in CSTR1 in about 12
hours and 26 hoursin CSTR2. After obtaining a DF of 30 for Sr in the Slurry
Concentration Tank in 36 hours, the DF slowly increased to about 50 at the end of the
test. It took about 12, 18, and 22 hours, respectively, to obtain a DF of 2 for U in CSTR1,
CSTR2, and the Slurry Concentrating Tank. A DF of about 5 for U was obtained at the
end of the test in the concentrate filtrate. The DF valuesfor Cs, Sr, and U exceeded the
WAC standards needed for filtrate disposal in saltstone. HPLC analyses showed that no
measurable NaTPB decomposition occurred during the test.

A feasibility study was conducted to evaluate the technical value and to estimate the cost
and time required for performing an additional bench-scale CSTR experiment with actua
waste. Bench-scale 1-liter CSTR tests conducted in FY 99 were terminated due to
foaming and hydraulic problems. Though sufficient Cs removal was achieved, the tests
fell short of demonstrating sustained, steady state performance in maintaining sufficient
Csremoval in a catalytically active system. The feasibility study for the second real
waste CSTR test, which is to be conducted in FY 01, addressed the objectives necessary
to demonstrate a sustained, steady state test with real waste.

7.4.3.3 FYO0l-Current Work

A real waste CSTR test will be conducted in FY 01 utilizing two 1-L CSTRs in series.
During initial operation at 25°C, it will be determined if the system can meet the design
decontamination factors for Cs, Sr, and apha emitters. The Cs decontamination factor
must be maintained at >10,000 for at least two system turnovers. The antifoam
developed and selected based on previous testing will be utilized in this real waste CSTR
test and stable operation will be demonstrated. After operation at 25°C, the temperature
will be raised to 45°C to determine the reactivity of catalysts present in the real waste
sample and to evaluate the robustness of the process. Thistask will be conducted
following the completion of 1/4000-scale CSTR testing at ORNL.

7.4.4 Washing And Filtration Studies (STTP SOWM 4.2, 4.3)

The performance of the filtration and washing stages of the proposed continuous
precipitation process has not been previously explored because I TP was a batch process.
Previous work focused on the ability to filter and wash material prepared by batch
processing. Also, due to the scale of the ITP process, the previously proposed washing
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process was of a significantly longer duration. Additional work is required to examine
the shorter duration washing required for the continuous process.

7.4.4.1 Previous Results

Tests were performed to examine the filtration rates for TPB dlurries both with and
without sludge present. The concentrated material was then washed to determine the
efficacy of the proposed washing steps. Results from this work indicated that filtration
performance was similar to previous work with precipitate prepared by batch processing.
However, recovery of excess NaTPB during the washing stage was less effective than
previous testing, recovering only 62% to 77% of the precipitated NaT PB.

Additional rheology measurements of both washed and unwashed durries indicated that
the materials produced during this testing had significant lower yield stress values.
However, these lower yield stresses could not be directly attributed to the formation route
of the precipitate material due to a number of other impacts, including the presence of an
antifoam agent and the prior shear history of the material.

7.4.4.2 FYO00-Resaults

Bench scale tests were conducted during FY 00 to determine the effect of the various
antifoams on the recovery of NaTPB during the washing phase of the process. Recovery
of TPB with no antifoam typically averaged ~60%. With the IIT B52 antifoam, which
gave the best results as an antifoaming and defoaming agent, the NaTPB recovery
dropped to 13%. Washing tests were also used on the sludge from the third 20-L CSTR
run at ORNL, which also used the II'T B52 antifoam agent. These washing tests indicated
that ~10% of the excess TPB was recovered.

The NaTPB recovery is primarily an economic issue; however, lower recoveries of TPB
will result in the generation of larger quantities of benzene during the hydrolysis reaction.
Preliminary analysis by WSRC Engineering indicated that the low recovery of NaTPB
was not a major impact on the economics of the STTP process. Additional work on the
NaTPB will be conducted after the down-selection process has been completed.

7.4.4.3 FYO1l - Current Work

Additiona work in evaluation of surry washing and TPB recovery was deferred until the
down-selection process for the SRS HLW salt disposition program has been compl eted.

7.4.5 Antifoam Development (STTP SOWM 5.1-5.7)
One of the prime needs for the STTP process is the development of a new antifoam. The
severity of foaming problems during FY 99 testing at SRS led to the recommendation to

develop an improved antifoam as one of high risk technology areas for the STTP. This
was supported by several outside review panels, including the NAS committee. The
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formation of foam proved to be a significant operational issue during the demonstration
of CSTR performance with HLW.

7.45.1 PreviousResults

SRS has over a decade of experience with the TPB precipitation process. However, prior
testing was accomplished in a million-gallon waste tank where there was sufficient
volume to accommodate foam. Addition of antifoam was only planned to support DWPF
processing of the TPB precipitate. During testing in SRS pilot facilities, 5 or 6 ft of
stable foam was produced in a 12 ft precipitate storage tank. This foam was controlled
by the addition of 2000 ppm (2000 ppm is an extremely high antifoam concentration but
was necessary to control foam in this process) of Surfynol 104E antifoam. In testing of
the STTP process with Surfynol 104E, the antifoam agent was ineffective in controlling
foam. Thisis probably because Surfynol 104E is ineffective in high ionic strength salt
solutions.

In the STTP process, there is the potential for foaming in three different processing
vessels, the precipitation vessel, the concentration vessel and the washing vessel. Each of
these vessels has a very different chemical composition.

Precipitation tank - NaTPB is added to a 5-8 molar Na salt solution. Many antifoam
agents are ineffective in this high salt solution. Agitation of the durry is necessary
for the mixing needed for a rapid precipitation rate in aCSTR. The durry isahigh
ionic strength caustic slurry but has alow concentration of K TPB solids (0.5 - 1 wt%
insoluble solids).

Concentration tank - The dilute TPB solution is filtered to concentrate the slurry to
approximately 10 wt% insoluble solids. A crossflow filter is used for this
concentration step. The durry is now both high ionic strength and has a high
concentration of potassium TPB solids.

Wash tank - The concentrated slurry is washed to remove as many of the non-
radioactive salts as practical. Washing reduces the soluble salt concentrations by a
factor of 16. The endpoint for the washing is 0.01 molar nitrite as required for
hydrolysis processing. The slurry becomes a low ionic strength caustic Slurry with a
high concentration of K TPB solids.

The three STTP processing vessels each use agitation to produce awell mixed durry and
pumping to alow recirculating and transferring of the slurry to the next processing
vessel. Both agitation and pumping can lead to the entrainment of gas (nitrogen). Solids
with trapped gas are lower in density than the durry, allowing the foam to float. The
foam remains separate from the slurry unless intense agitation is applied (intense
agitation was accomplished using “mashing” tools in non-radioactive pilot plant
experiments). Attempts to reslurry the foam often lead to the incorporation of more air
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into the durry, aggravating the foaming action. Unless the mixture is uniform in the
processing vessels, it is likely that the foam layer will build up in the vessels over time
and will lead to more problems in long term processing than can be experienced in
typical precipitation experiments.

There are severa other processing problems that aggravate foaming in the STTP process.
Chemical decomposition of TPB by catalysts produces benzene that can stabilize the
foam and lead to severe foaming problems. Thiswill be present during al processing
with TPB. Radiolytic decomposition of TPB produces a wide variety of different
organics including diphenylamine, phenol, aniline, biphenyl, triphenyl, etc. These are
more likely to be a concern in the concentration and washing steps where the precipitate
has been exposed to the radiation for alonger time. These organic byproducts may also
stabilize the foam and lead to processing problems.

7.45.2 FYO00-Results

The primary objective of this work was to identify a more effective antifoam agent to
mitigate foaming during precipitation, concentration, and washing in the CSTRs. A
research contract was established with the lllinois Institute of Technology (11T) and

Dr. Darsh Wasan, a known expert in the field of foam formation. 1T studied the foaming
problem in a10% KTPB slurry and determined that KTPB particles acted to effectively
stabilize the foam. 11T identified three potential antifoam agents and all three antifoam
agents were tested using simulated wastes. The IIT B52 antifoam agent performed better
than the other antifoams at preventing foaming and was aso found to be an effective
defoamer. The IIT mechanism involves disintegration of the KTPB particle structure at
the gag/liquid interface. After the Il T B52 was identified as the best performer in tests by
1T and SRTC, it was recommended for demonstration in the 20-L CSTR test system at
ORNL. The ORNL 20-L antifoam test demonstrated that the II'T B52 antifoam was
effective at controlling the foam in both CSTRs and in the concentrate tank.

While the IIT B52 was effective as an antifoaming and a defoaming agent, it did
significantly limit the recovery of the NaTPB in downstream washing operations (see
Section 7.4.4.2). The impact of the reduced NaTPB recovery was determined to be
minimal in terms of costs and effects on down stream processes.

7.45.3 FYOl-Current Work

Datain early FYOL indicated that the effectiveness of the B52 antifoam was significantly
affected by either aging or by batch variability. Samples from different batches of the
B52 antifoam will be tested to evaluate the effects of aging and batch variability on the
samples. If theissue of decreased effectiveness of the B52 antifoam with aging or batch
variability can not be satisfactorily resolved, development and testing of other antifoams
may be considered.
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Antifoam development is being conducted in several additional areas during FY01. The
impact of irradiation on the chosen antifoam will be determined by conducting a series of
foam column experiments with irradiated and unirradiated antifoam samples. Analytical
methods will also be developed for the chosen antifoam; these analytical methods will be
used to conduct process simulation studies to determine the fate of the antifoam across
the precipitation, concentrate, washing, and hydrolysis cycles. If the antifoam collects on
the precipitate, future tests will be conducted to determine if the antifoam effects the
melter feed or the glass forming properties. |f the antifoam is removed with the filtrate,
future tests will be conducted to determine if the antifoam effects the grout forming
properties for saltstone. In addition, the analytical method will be used to evaluate the
degradation of the antifoam agent due to chemical attack.

In addition to the above antifoam tests with surrogate wastes, the affects of antifoam with
real wastes will be conducted in FY01. Antifoam was used in batch tests with the waste
samples taken in FY 00 from the six SRS HLW tanks to determine the effects of antifoam
on the reactivity of the different wastes. The selected antifoam agent will also be utilized
in areal waste CSTR test to demonstrate that the antifoam contributes to successful stable
operation with acceptable DFs for Cs and alpha components while operating with redl
wastes.

7.4.6 Saltstone Facility (STTP SOWM 22.0)

Saltstone will immobilize the DSS from the small tank precipitation process. However,
previous testing has not explored the higher concentrations of phenylborate species that
might be present in the feed to Saltstone from the proposed TPB process.

7.4.6.1 Previous Results

Testing was performed to determine the impact of higher than previously tested
concentration of TPB degradation products on the benzene evolution rates from
sdltstone,*® the benzene TCLP results from saltstone,®’ and benzene generation rates from
saltstone.”® The results of these tests indicate that between 18% and 27% of the
theoretical conversion of phenylborates occurs during the curing of saltstone. The
maximum release rate increased as a function of curing temperature. Also, the presence
of 3PB in the feed is the dominant source of benzene in the saltstone. The benzene
concentration in the TCLP extract is nearly two orders of magnitude below the regulatory
limits for saltstone cured at ambient temperatures and is an order of magnitude below the
[imit for saltstone cured at 85°C.

7.4.6.2 FY0O0-Results

No work was conducted in FY 00 on the impact of phenylborate decomposition products
on saltstone.
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7.4.6.3 FYOl-Current Work

Additional work in evaluating the impact of the DSS from the small tank precipitation
process on the Saltstone Facility will be delayed until the down-selection process for the
SRS HLW salt disposition program has been compl eted.

7.4.7 Hydrolysis Testing (STTP SOWM 5.8, 16.1 — 16.5)

Prior to immobilizing the concentrated waste stream, the K and Cs are returned to
solution through acid hydrolysis of the TPB solids. Prior studies explored the ability to
convert aged TPB solids. However, the proposed process will involve the production of
freshly precipitated material.

7.4.7.1 PreviousResults

Testing was performed to determine precipitate exposed to either no dose or to 65.6 Mrad
could be processed.®® These tests indicated that acceptable product was produced under
both conditions. Furthermore, potential areas for further work were illuminated including
optimizing reaction conditions and the extent of nitrite growth at lower proposed dose
rates.

7.4.7.2 FYO00-Results

No additional work in evaluating the hydrolysis process was conducted in FY Q0.

7.4.7.3 FYOl-Current Work

Work will be conducted in FY 01 on the effects of the antifoam selected for the STTP.
This work will determine the fate of the antifoam across DWPF processes through the
hydrolysis step, as well as the impact of the antifoam on the kinetics of the hydrolysis.

7.4.8 GlassFormulation Studies (STTP SOWM 16.0)

7.4.8.1 Previous Results

As indicated above, previous testing indicated that higher levels of MST would be
required to achieve the necessary Sr and actinide removal. As aresult, the impact of this
higher MST loading on glass properties was investigated.*®® In addition, these tests also
explored varying levels of PHA on the glass properties. Three different glasses were
formulated for these studies.}?21%21%3 A[| of the glasses formulated during these tests
were very durable as measured by the PCT. In addition, performing 24-hour isothermal
holds for the glass melts bound the liquidus temperature. This testing did indicate,
however, that for Purex dudge, 30 wt% loading of Purex in glass may be near or at the
edge of acceptability for liquidus. The viscosities of approximately half of the glasses
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formulated were measured. Again, when 30 wt% loading of Purex was tested, the
viscosities were very near the lower viscosity limit.

However, crystal formation kinetics work was not explored during this work. The
majority of glasses tested were predicted by the discriminator property model to be
“phase separated” (multiple glass phases), but there was no experimental indication of
phase separation.

7.4.8.2 FYO0O0-Reaults

No additional work in evaluation of crystal formation kinetics for vitrification operations
was conducted in FY Q0.

7.4.8.3 FYO1—Current Work

During the first phase of the variability study on higher loading of PHA and MST, the
PCCS models predicted 17 of the 23 glasses may be amorphously phase separated (i.e.,
the glasses may fail to meet the homogeneity constraint). While none of these glasses, all
of which were rapidly quenched, exhibited poor PCT leaching characteristics; however,
no kinetic studies were performed. FY 01 work will complete these studies by cooling a
limited number of glasses, using the canister centerline cooling profile, and then
measuring PCT. These results will provide evidence on whether deleterious phase
separation has occurred in glasses containing higher levels of PHA.
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8.0 Pre-Down Selection R& D Program Funding And Schedule

8.1 Funding Summary

The SPP R& D Program is funded jointly by the DOE Offices of Science and Technology (EM-50)
and Project Completion (EM-40). Combined R&D program funding for FY 00 was $13.1 million
and total projected funding for FY 01 is $13.4 million. Tota funding and funding source for each
process is shown in Table 8.1.1. Alpha and strontium removal shows a significant increase in
funding from FY 00 to FY 01, which can be attributed primarily to the exploration of alternatives to
the current sorption and filtration baselines. It should be noted that CST shows a sizeable decrease
in funding from FY 00 to FY 01, amost entirely in Gas Generation, due to the completion of the
HFIR CST Column Test in FY 00 and upcoming Tall Column Gas Disengagement Test which will
be completed using FY 00 carryover funds. Also, it isworth pointing out that the CSSX program did
not begin until mid-FY 00, so its FY 00 funding level was actually greater than STTP and CST if
annualized. In FY01, CSSX funding level continues to exceed funding levels for STTP and CST
with the intent of accelerating the development of the technical maturity of CSSX relative to the
other processes.

The funding alocation is presented in greater detail in Table 8.1.2. Funding for the various

performing organizations is shown by work scope area for both FY 00 and FY01. The work scope
areas follow the outline presented in the R& D Program Description, Section 7.0

Table8.1.1 Research and Development Program Funding

FYO00 FYO1
EM-40 | EM-50 | Tota EM-40 | EM-50 | Tota
Alphaand S Removal 600 930 1,530 1,620 960 2,580
CST Non-Elutable lon Exchange 1,735 2,770 4,505 1,530 890 2,464
Caustic Side Solvent Extraction 3,325 0 3,325 2,350 2,620 4,970
Small Tank TPB Precipitation 515 3,260 3,775 1,992 1,350 3,342
Grand Total 6,175 6,960 | 13,135 7,539 5820 | 13,356
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Table8.1.2 Salt Processing R& D Funding Allocation by Work Area and Performing Organization

FYO00 FYO01
ORNL | SRS [ANL|SNL |[PNNL| Total [ORNL| SRS [ANL |SNL [PNNL |Total
Alpha and Strontium Removal
Monosodium Titanate (MST) Kinetics and Equilibrium 140 140 620 620
Alternative Alpha and Strontium Removal Technologies 270 270 540 540
MST Filtration and Settling 840 840 740 740
Alternatives to Solid/Liquid Separation 0 420 420
On-Line Effluent Monitor 280 280 260 260
0 1250 0 0 280] 1530 0| 2580 0 0 0 2580
CST Non-Elutable lon Exchange

CST Column Performance

Refinement of the Model 270 270 300 300

Alternative Column Configuration 0 270 270
CST Adsorbent Stability

Alternative Pretreatment of I1E-911 75 75 250 250

CST Chemical and Thermal Stability 380 350 200  100{ 1030f 400 240 90 150, 880

Waste/CST Precipitation Studies 110 80 190 130 130

Revised Manufacturing Process 400 400 480 480
Gas Generation

Gas Disengagement 800 800 0

Cesium Loading Under Irradiation 1070 70 1140 0
CST Hydraulic Transfer

Develop And Test Size-Reduction Method 250 250

Develop Representative Sampling of CST/Sludge/Frit Slurry 350 350 0
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FYO00 FYO01

ORNL | SRS |ANL|SNL [PNNL| Total ORNL|{ SRS |ANL |SNL [ PNNL |Total

CST Non-Elutable lon Exchange (continued)

Coupled DWPF Operation 0

DWPF Melter Operation 0 154 154

2360 1770 0] 275 100] 4505 400] 1574 0] 340 150, 2464

Caustic Side Solvent Extraction

Solvent Preparation 520 520 140 140
Batch Equilibrium With Internal Irradiation Of Solvent 460 410 870 140 190 330
Batch Equilibrium With External Irradiation Of Solvent 200 200 140 50 190
Solvent Physical And Chemical Properties 370 370 550 550
Solvent Decomposition And Contactor Hydraulic 580 ss0l 370 370
Performance

Simulant and Real Waste 2-cm Contactor Flowsheet Tests 45| 680 725 1590 1570 3160
Solvent Commercialization 60 60 230 230

1990 655 680 3325/ 1570[ 1990 1570 4970

Small Tank TPB Precipitation

Tetraphenylborate Decomposition Studies 1740| 1425 3165 1350 1550 2900
Cesium Precipitation Kinetics 0 0
Washing And Filtration Studies 0 0
Antifoam Development 610 610 330 330
Saltstone Facility 0 0
Hydrolysis Testing 0 45 45
Glass Formulation Studies 0 67 67
1740 2035 3775 1350( 1992 3342

Grand Total 6090( 5710f 680| 275 380 13135 3320{ 8075 1570| 340 150 13356
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8.2 Overview of the Salt Processing Program Schedule

The Level 0 Schedule for the SPP is presented in Figure 8.2.1. Science and technology
development will proceed in parallel with preconceptual data package development, and
science and technology reports for each Cs removal process will be prepared by
March31, 2001. The alphaand Sr removal approach that optimizes each flowsheet will
be addressed in these reports. A science and technology summary report will be provided
to DOE in support of the technology down selection. The down selection decision will
feed into preparation of the SEIS and a Record of Decision by September 30, 2001.

8.3 Research and Development Program Schedule

A detailed schedule has been prepared for all R&D activities and related engineering
work. A summary level schedule showing the major activities and their duration is
shown in Figure 8.3.1. The complete detailed schedule is shown in Appendix C. The
detailed schedule in Appendix C is used by al program participants to manage their
work. Schedule status is presented at a Technology Development Plan-of-the-Week
Meeting and an SPP Plan-of-the-Week Meeting. Schedules are updated weekly. All
changes that impact an EM-50 or EM-40 task approved schedule, scope, or budget must
be approved by the SPP Change Control Board (see Section 10.0, R& D Program
Controls). The SPP summary (Level 0) schedule (Figure 8.2.1) shows that several R&D
activities proceed well into FY01. STTP bench-scale CST studies, CSSX real waste
tests, CST manufacturing revisions with UOP, and MST kinetics/Pu oxidation state are
examples of long-term activities. The program's goal is to resolve al high-risk
technology issues in time to support the down select decision in June 2001 as shown in
Figure 8.3.1. Itisfully anticipated that technology development activities will continue
for the selected alternative(s) well into the design phase.
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Figure8.2.1 Salt Waste Processing Project Level 0 Schedule

FY00 FYo1 FY02

oct [ Nnov [ pec [ san ] FEB [ MAR [ APR MAY JUN JuL AUG sep | oct | Nov [ DEC JAN FEB MAR [ APR MAY [ Jun JuL AUG sep [ ocT NOV DEC JAN FEB MAR

@ Science & Technology Development

@ Preconceptual Data Package Devel opmdnt ¢

Team-Approve al S& T Reports

Prepare S& T Summary Report

yTeam-Approve & Submit Summary Report

DOE - Technology Evaluation

Y

v

DOE - Technology Selection

4 Conceptual Facility Design (CD-1)

> >

l DOE - Record of X

DOE - Release HOLD on SEIS Activities

Supplemental Environmental Impact Statement Decision & CD-0
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Figure8.3.1 Summary R&D Program Schedule

Note: To beprovided.
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Activity Total Activity To Go Early
ID Float Description Wk Days Start

Monosodium Titanate (MST) Kinetics & Equilibrium

Early
Finish

Alpha & Strontium Removal

Lead o0

FY02

FY01 \
SEP | ocT [ NOov | DEC | JAN [ FEB [ MAR | APR [ MAY [ JUN | JUL [ AUG | SEP | OCT | NOV [ DEC | JAN H

Start Date 010CT9| e Early Bar

© Primavera Systems, Inc.

Data Date 29NOVO00 rogress bar

Run Date 04DEC00 10:21 Critical Activity

WAMST1200 60| Colloidal Plutonium Studies 29*| 14AUGOO0A |10JANO1 TBP IColloidal Plutonium $tudies <HA>
<HA> |

WAMST12100 |1,083| XAFS Studies - Pu Speciation in 187*|110CTO00A |24AUG01 |LNO XAFS Studies - Pu Sijeciation in Waste <HA>
Waste <HA> Jas

WAMST13 74|MST Kinetics - 15%|12JANOOA |[19DEC0O0 |DTH  |MST Kinetics - <HA>
<HA> |

WAMST15000 (1,173|MST Testing 97*|03NOVOOA |18APRO1 |DTH  [MST Testing <HA>
<HA> i

WAMST18000 (1,009 |Engineered Form of MST 261*|180CTOOA |11DECO1 |DTH Engineered Form of IST <HA>
<HA> i

Alternative Alpha And Strontium Removal

WAMST13E 1,255 | Evaluate Alternate Sorbents 15*| 13SEPOOA |19DEC0O0 |DTH Evaluate Alternate Sd@rbents (SRTC Identified)<HA
(SRTC Identified)<HA s

WAMST16000 (1,055 Identify Alternate Sorbents & 215*180CTO0OA |040CTO01 |DTH Identify Alternate Solbents & Technologies <HA>
Technologies <HA> Jas

WAMST17000 [1,109|Evaluate Alternate Sorbents 161*|03NOVO0A |19JUL01 DTH Evaluate Alternate Sdrbents (TAMU Supplied) <HA>
(TAMU Supplied) <HA> Jas

MST Filtration and Settling

WACST600 466.0 Engineering Filtration 43*19NOV99A |30JANO1 |MRP  |6.0 Engineering Filtrgion Studies <HA>
Studies <HA> |

WAMST23000 (1,172 |Pilot Filtration Tests (FRED) 98* 01AUGOOA |19APRO1 |MRP  [Pilot Filtration Tests JFRED) <HA>
<HA>

WAMST23500 [1,071|FRED Test - Phase Il - 173*|08JANO1 |12SEPO1 |MRP [FRED Test - Phase II§ Flocculant Tests <HA>
Flocculant Tests <HA> A

WAMST62 46 | Improve Filtration Rates & Flows 43*|24JANOOA |30JANO1 |MRP  |improve Filtration Reles & Flows <H‘A>
<HA>

WAMST623 1,255 | Cross-flow Filter Optimization 15*|24JANOOCA |19DEC0O0 |MRP  [Cross-flow Filter Optimization FRED Testing <HA>
FRED Testing <HA>

SALT
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Activity Total Activity To Go Early Early Lead EY00 | EVOL [ V02
ID Float Description Wk Days| Start Finish SEP | ocT [ Nov [ DEC [ JAN [ FEB [ MAR | APR [ MAY [ JUN [ JUL [ AUG | SEP | ocT [ Nov | DEC [ JAN H
WAMST6400 -1|Real Waste Tests at CUF 90*| 25SEPOOA |06APRO1 |MRP  |Real Waste Tests at §UF <HA>
<HA> s |
Alternatives to Solid/Liquid Separation Testing
WAMST19000 (1,202 | Test High Shear Filtration 68*180CTO0OA |07MARO1 |MRP  [Test High Shear Filtr@tion <HA>
<HA> i ‘
WAMST20000 (1,147 |MST Centrifuge Tests 123*|180CTO0OA |24MAY01 |MRP  [MST Centrifuge Test <HA>
<HA> Jas
WAMST21000 |1,039|Investigate Alternatives Improve 231*|300CTO0A |260CT01 |MRP |Investigate Alternati\les Improve Filtration <HA>
Filtration <HA> i
WAMST22000 |1,130|MST - Settle / Decant Testing 140*|250CTO00A |19JUNO1 |MRP MST - Settle‘Decant esting <HA>
<HA>

On Line Mon

itor

WASDMO0000 417|0n Line Filtrate Effluent 287*|040CT99A |09MAY02 |KJIR On Line Filtrate Efflugnt Radiation Monitor <HA>

Radiation Monitor <HA>

CST Non-Elutable lon Exchange
CST - Refinement of the Model

WACST52 35| AlkEarth Metals, Carbonate, 54* 03JANOOA |14FEBO1 |FF AlkEarth Metals, Caronate, Oxalate & Perox <HA>
Oxalate & Perox <HA> |

CST - Alternative Column Design

WACOLO0000 |1,151|CST Alternate Column Study 119*|30AUGO00A |18MAY01 |LC ICST Alternate Columip Study <HA>
<HA>

CST - Stability

WACST23 78|CST Thermal Stability Issues 11*|03JANOOA |13DECO0 |DDW |CST Thermal Stability Issues <HA>
<HA> |

WAORN2301 |1,052|CST Stability, Leaching - FY 232*|020CTO0A |180CT01 |TK CST Stﬁbilitv, Leachilhg - FY 2001 <HA>
2001 <HA>

CST - Precipitation Kinetics

WACST51 1,240 | Stability of Simulated Waste 30*|03JANOOA [11JANO1 DDW [Stability of Simulatedl Waste Solutions <HA>
Solutions <HA> |

WAORN4001 69| Waste and Simulant 23*|03NOV99A |29DECO0O0 |TK \Waste and Simulant Rrecipitation Issues <HA>
Precipitation Issues <HA> |

CST - Revised Manufacturing Process

WACST21 0|Cs Resin - Manufacturing 89*|21FEBOOA |05APRO1 |WRW [Cs Resin - Manufactdiring Revisions with UOP <HA>
Revisions with UOP <HA> |
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Activity

Total

Activity

To Go

Early

Early

Lead

<HA>

o0 - FYQO | FY01 \ FY02
ID Float Description Wk Days| Start Finish SEP | ocT [ Nov [ DEC [ JAN [ FEB [ MAR | APR [ MAY [ JUN [ JUL [ AUG | SEP | ocT [ Nov | DEC [ JAN H
CST - Gas Disengagement
WACSTS8000 |1,159|Alternate Column, Gas 63*| 0BNOV99A [28FEB01 |WVP [Alternate Column, Gds Disengagement <HA>
Disengagement <HA> |
WAORN5001 |1,169|Gas Disengagement 66*|03BNOV99A |28FEBO1 |TK Gas Disengagement Equipment, Heat Transfer <HA>
Equipment, Heat Transfer <HA> |
WAORN5019 |1,169|ORNL - Prepare Tall Column 8*|04JANOOA |08DECO0 |TK ORNL - Prepare Tall @olumn System <HA>
System <HA> |
WAORN5048 |1,169|ORNL - Evaluate Gas 66*|17JULOOA |28FEBO1 |TK IORNL - Evaluate GaglDisengage Performance <HA>
Disengage Performance <HA> |
CST - Gas Generation
WAORNG6001 76|Gas Generation - Impact on 16*| 10NOV99A |20DEC0O0 |TK Gas Generation - Imgact on CST Performance <HA>
CST Performance <HA>
WAORNG6066 76 |HFIR In Pool Tests 16*|25AUGO00A |20DEC0O0 |TK HFIR In Pool Tests <HA>
<HA> |
CST - Develop and Test Size Reduced Method
WACST1900 87| DWPF Waste Qualification, 2*| 19NOV99A |30NOVO00 |FGS DWPF Waste Qualifi%ition, Feed Homogenity <HA>
Feed Homogenity <HA>
WACST194 87| Determine How to Suspend 2*|17JANOOA |30NOVO0OO |FGS Determine How to SUspend CST in DWPF <HA>
CST in DWPF <HA>
DWPF Melter Operation
WACST195A 29|CST Melter Feed Rheology 60*| 18SEPOOA |23FEBO1 |JRH ICST Melter Feed Rheplogy <HA>
<HA> /% |
Caustic Side Solvent Extraction
CSSX - Solvent Preparation
WAANL7100 |1,167|ANL Report on FY 00 Work 103*|040CTOOA |26APR01 |LNK ANL Report on FY 0P Work <HA>
<HA> /5
WACX41500 |1,280|Solvent Preparation 4*1200CTO0OA [04DECO0 |LNK ISolvent Preparation <HA>
<HA> —_—
Batch Equilibrium - Internal Solvent Irradiation
WAORN7137 -12|Batch Equilibrium Internal 104*|07JUNOOA |23APR0O1 |LNK Batch Equilibrium Internal Irradition Expmt <HA>
Irradition Expmt <HA>
WAORN7141 -12|Execute Test Protocol CTD-1 104*| 090CTOOA |23APR0O1 |LNK Execute Test Protocdl CTD-1 <HA>
<HA>
WAORN7154 -12|CTD-2 Experiment Test Report 53*|08FEBO1 |23APRO1 |LNK ICTD-2 Experiment Tgst Report <HA>
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Activity Total Activity To Go Early Early Lead EY00 | EVOL [ V02
ID Float Description Wk Days| Start Finish SEP | ocT [ Nov [ DEC [ JAN [ FEB [ MAR | APR [ MAY [ JUN [ JUL [ AUG | SEP | ocT [ Nov | DEC [ JAN H

Batch Equilibrium-External Solvent Irradiation

WACX412 61 |Batch Equilibrium Hot Cell Test 28*|03JULOOA |09JANO1 |RAP Batch Equilibrium Hd Cell Test (Interim Rpt)<HA
(Interim Rpt)<HA |

WACX412MO00 (1,046 | In-Cell Exposure Tests & Report 224*|07SEPOOA [170CT01 |RAP In-Cell Exposure Teslis & Report <HA>
<HA> /5

WAORN7075 -2 | Effect of Waste Feed 52*18MAY00A |08FEBO1 |LNK Effect of Waste FeedBiComponents <HA>
Components <HA>

WAORN7081 |1,223|Batch Contacting with Single 61* O5SEPOOA |21FEBO1 |LNK Batch Contacting with Single Cs-137 Spike <HA>
Cs-137 Spike <HA> |

WAORN7108 -12|Cs-137 Batch Irradiation with 104*| 03APRO0OA |23APR0O1 |LNK ICs-137 Batch Irradiafjon with Simulant  <HA>
Simulant  <HA>

WAORN7117 33| Hot Cell Batch Contacting with 37*|03APRO0OA |18JANO1 LNK Hot Cell Batch Contabting with Cs137 Test <HA>
Cs137 Test <HA> |

CSSX - Physical & Chemical Properties

WACX417000 |1,206|Solvent Stability & Clean - Up 78*|020CTO0A |16MARO1 |LNK ISolvent Stability & Clan - Up <HA>
<HA> i |

WACX417500 |1,206|Analytical Method Development 78*|020CTO0A |16MARO1 |LNK /Analytical Method Ddivelopment <HA>
<HA> % |

WAORN7058 -3|CSSX -  Physical And 95* 03APROOA |10APRO1 |LNK ICSSX - Physical A§d Chemical Properties <HA>
Chemical Properties <HA>

WAORN7066 29| Solvent Thermal Stability 63* 10MAYOO0A |23FEBO1 |LNK Solvent Thermal Stalfility <HA>
<HA>

Solvent Decomposition & Contactor Hydraulic Perf

WACX41300 |1,218|Contractor Thruput/Efficency 66*|230CTOOA |28FEBO1 |LNK IContractor Thruput/Hfficency Report <HA>
Report <HA> /% |

WACX41400 |1,179|Contractor Solvent Solids 105*|020CTO00A |24APR0O1 |LNK IContractor Solvent Splids Performance <HA>
Performance <HA>

WAORN7161 |1,156|Cs-137 Irradiation Contactor 128*|03APRO0OA |25MAY01 |LNK ICs-137 Irradiation Cdintactor Test <HA>
Test <HA>

Waste Simulant & 2 cm Contactor Flowsheet

WAANL7200 |1,165|A1-2 Five Day Test of CSSX 105*|040CTOOA |30APRO1 |RL AL-2 Five Day Tedit of CSSX Flowsheet <HA>
Flowsheet <HA> /%

WAANL7300 |1,091|A1-3 Solvent Recovery 179*|040CTO00A |14AUGO01 |RL IA1-3 Solvent Recovely <HA>

<HA>
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Commercialization-Assure
Supply<HA>

Small Tank TPB Precipitation
Tetraphenyborate Decomposition Studies

Activity Total Activity To Go Early Early Lead EY00 | EYOL ‘ FY02
ID Float Description Wk Days| Start Finish SEP | ocT [ Nov | DEC [ JAN [FEB [ MAR [ APR [ MAY [ JUN [ JUL [ AUG [ SEP | OoCT [ Nov [ DEC [ JAN F
CSSX - Real Waste Contactor Testing
WACX1000 -10|CSSX - Real Waste Testing 80*| 10MAYOOA |25APR0O1 |RWB |CSSX - Real Waste Tlsting <HA>
<HA>
CSSX - Solvent Commercialization & Supply
WACX33000 621 |CSSX Solvent 390* 10MAYO0OA [12NOV02 |RWB |[CSSX Solvent Commigrcialization-Assure Supply<HA>

WAORNL2001 87 |NMR Studies (Work Scope 5*|08DEC99A |05DECO0O0 |TK NMR Studies (Work $lcope Matrix 2.2.4.1) <HA>
Matrix 2.2.4.1) <HA>

WATPB2201 |1,265|X-Ray Absorption Spectroscopy 5* 30MAROOA |05DECO00 |RAP X-Ray Absorption Spctroscopy (EXAFS) <HA>
(EXAFS) <HA>

WATPB223 61| Synergistic Effects Tests <HA> 28*|28JANOOA |09JANO1 |MJB Synergistic Effects Tsts <HA>‘

WATPB225 106 | Electrochem/Spectroscopic 105*| 24JANOOA |30APRO1 |TBP Electrochem/Spectrgscopic Transition Metals <HA>
Transition Metals <HA>

WATPB23 -1|Batch Scale Testing (Real 90*| 30MAY00A |06APRO1 |MJB Batch Scale Testing JReal Waste) <HA>
Waste) <HA>

XAFS Studies for Catalyst Identification

WATPB21300 (1,064 |STTP Catalyst XAFS Testing 206*|180CTOOA [21SEP0O1 |MJB ISTTP Catalyst XAFS festing <HA>
<HA> i

TPB - Solubility Data

WAORN3001 2|Bench Scale CSTR Studies 90*|01OCT99A [03APRO1 |JW Bench Scale CSTR Sjudies <HA>
<HA>

WAORN3070 12|CSTR Cold Open Loop Tests 19*| 20JUNOOA |25DEC00 |JW ICSTR Cold Open Lodp Tests <HA>
<HA> |

WAORN3216 2|CSTR Closed Loop Hot Cell 90* 13NOVOOA |03APRO1 |JW ICSTR Closed Loop Hpt Cell Test Five <HA>
Test Five <HA> e

TPB - Antifoam Physical Properties

WATPB51000 |1,268|1IT Recommendation 2*|03APRO0OA [30NOV0O0 |DPL IIT Recommendation <HA>
<HA> |

WATPB53000 1,116 Irradiated Antifoam Testing 59* 18SEPOOA [22FEB01 |JRH Irradiated Antifoam Tiesting <HA>
<HA> |

WATPB56 1,141|Real Waste Antifoam Test 70*|23FEBO1 |[04JUNO1 |RAP Real Waste AntifoamiTest <HAA>
<HA>

Sheet 5 of 6



Activity Total Activity To Go Early Early Lead EY00 | EYOL ‘ FY02
ID Float Description Wk Days| Start Finish SEP | ocT [ Nov | DEC [ JAN [FEB [ MAR [ APR [ MAY [ JUN [ JUL [ AUG [ SEP | OoCT [ Nov [ DEC [ JAN F
TPB Real Waste Testing
WATPB4400 | -12|TPB Real Waste Testing 101* 18SEPOOA |24APROL  |JTC

<HA>

TPB‘ReaI Waste Testing <HA>
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9.0 Post-Down Selection R& D Program

The Department of Energy (DOE) is scheduled to select the preferred Cs removal process
in June 2001. It isanticipated that a backup technology will aso be identified. After this
down-selection decision, the nature of the R&D work on the selected process will
transition from technology development to providing input for pilot plant design and to
generating data needed for conceptual and preliminary design of the Salt Waste
Processing Facility. Thiswill include laboratory studies, bench scale tests, and prototype
equipment development. R& D activities are expected to continue on the backup
technology, and additional direction will be provided by DOE regarding scope of the
desired R& D activities for the technology.

Future work areas for each technology have been identified that will be pursued as
appropriate following the down-selection. The work described below is not intended to
be comprehensive of al future R&D that will be required, but rather to indicate key areas
that are needed extensions of the pre-down-selection R&D described in Section 7. These
activities would be conducted in late FY 01 and beyond.

9.1 Alphaand Sr Removal
9.1.1 Monosodium Titanate (M ST) Kinetics and Equilibrium

Work in future years will continue to examine sorption kinetics with a variety of real
waste samples as these samples become available through routine waste characterization
efforts. The increasing database of characterization information will permit development
of a highly reliable model to predict process performance.

Improved understanding of binding mechanisms may suggest lines of inquiry directed at
improving the formulation of the MST. Similarly, past experience in storing the
chemical suggests that modifications in the synthesis process may decrease the material’s
tendency to settle and harden over time. Finaly, the program needs to assess the
influence of storage conditions on the sorbent’s shelf life.

9.1.2 Alternative Alpha and Strontium Removal Technologies

The extent of future work on alternate sorbents depends strongly on the findings of
currently defined research on MST and the alternate materials or approaches. Any
promising new sorbent would require a series of tasks to examine scale-up of synthesis
and commercialization of the material. Integrated testing of the new sorbents within the
entire waste processing system will occur. In particular, testing will need to verify the
efficacy of the current chemical cleaning methods for the cross-flow filters or develop
alternate cleaning strategies.
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9.1.3 MST Filtration and Settling

Future work will largely focus on pilot-scale testing to the extent necessary. The studies
will assess operational aspects of the equipment. Rheology properties of MST/sludge
durries will be measured to aid in sizing and development work on the filter feed pumps.
Similarly, more extensive testing with radioactive samples would need to occur if the
program elects to pursue the use of chemical additives to improve separation efficiency.

9.1.4 Feed Clarification Alternatives

If the program selects an approach other than cross-flow filtration, future work will need
to test the technology with actual waste samples. Also, testing will need to examine
performance of the technology at the pilot-scale.

9.1.5 On-LineEffluent Monitor

Future work will deploy the prototype unit within a technical demonstration facility, or
pilot-scale facility. If, however, the independent consultant judges the technical maturity
of the analyzer as insufficient for deployment at this scale, the program will reassess the
research program appropriately.

9.2 CST Non-Elutable lon Exchange
9.2.1 Alternative Column Design Prototype

The design basis columns for CST non-€lutable ion exchange are relatively large. This
raises a concern that a fully loaded column will contain approximately 5 MCi of Cs-137
and create an exceedingly intense radiation field. In addition, incidents of column
plugging and clumping of CST particles suggest that fixed-bed columns may not be the
most suitable for the Salt Processing Project. Therefore, alternative column designs are
being evaluated. One of the most interesting designs consists of a pulsed moving bed or
“Higgins’ loop. The perceived advantages of such adesign are that the CST particles are
fed into the bottom of a column and move up whereas the feed solution enters the top of
the column and moves down. This produces a column that contains fully loaded sorbent
only in the upper portion of the column. Periodic agitation of the bed also minimizes the
chances of clumping. Although in principle the design is more suitable to processing of
the of SRS salt waste, UOP has raised a concern about attrition of particles due to the
agitation and SRS personnel have raised a concern about the fate of finesin such a
design. Therefore, before an alternative design can be selected, a prototype column must
be built and tested.
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9.2.2 Size-Reduction Scaled-up Vendor Demonstration

Representative sampling of the CST/dludge/frit dlurry is required for reliable operation of
DWPF. The particle size of spent CST istoo large to enable representative sampling by
the Hydragard® sampler. Therefore, CST must be reduced in size before it is mixed with
the sludge/frit slurry and delivered to DWPF. Two vendors performed brief small-scale
demonstrations of size-reduction equipment during FY 00. Although the results are
encouraging, issues related to prolonged operation, maintenance, and wear of the
equipment were not addressed. Therefore, additional tests scaled up to larger quantities
of CST are needed in order to assess the ruggedness of the equipment and the complexity
involved with servicing the equipment. The complete integration of size-reduction into
DWPF must be developed. The integrated DWPF interface devel opment would include
receiving loaded CST, storing, grinding, particle size analysis, and quantitative transfers.

9.2.3 On-line Particle-Size Analyzer

After size-reduction, the particle-size distribution of the CST must be determined to
ensure that the slurry will be homogeneous and sampled representatively. The current
design requires the removal of grab samples to measure these values. However, this
method is somewhat unreliable because the particle size distribution could depend on the
level from which the sample is taken, especially if some settling has occurred. Therefore,
amore desirable method would be measuring the particle-size distribution in-line while
the dlurry is flowing and homogeneoudly mixed.

9.24 Calculation of Equilibrium State of Tank Waste

Experiments in which CST particles were treated with SRS simulants demonstrated that
aluminosilicate tends to crystallize out and eventually produces a coating on the particles
that may be responsible for slower kinetics and reduced capacity for Cs absorption. In
addition, severa SRS simulants were observed to develop precipitates with time. The
precipitation of the aluminosilicate is hypothesized to result when a simulant that is
supersaturated with respect to aluminum and possibly silicon makes contact with a
surface upon which the precipitate can nucleate and propagate. The various wastes that
will be processed by either CST non-€elutable ion exchange or caustic-side solvent
extraction should be evaluated by thermodynamic calculations to determine if the same
state of supersaturation with respect to aluminum or silicon existsin them. If so, a
strategy for dilution of these wastes must be developed to ensure that precipitation of
aluminosilicates will not interfere with the Cs-removal processes. Initial testing will
begin in FY 01, but the need for additional studies are anticipated.

9.25 Effect of Temperature on CsLoading and Gas Generation
The effect of gas generation on Cs loading of CST (IE-911) was measured by placing a

column with CST in the radiation field created by a spent fuel assembly from HFIR. For
this experiment, the temperature was tightly controlled within the 25-35°C range. The
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gas generation expected at these temperatures was calculated so that the results could be
incorporated into the experimental design. It is also necessary to take into account that
Cs-sorption decreases with increasing temperature. For this reason, additional
calculations are needed to determine how radiolytic heating affects the CST capacity for
Cssorption. Increasing the temperature in the column would lower the amount of Cs
loaded and thereby lead to the production of less gas.

9.2.6 Clumping of CST

Treatment of CST (IE-911) with various solutions has caused the CST to clump together.
Statements by UOP indicate that this clumping is to be expected and will not interfere
with column operation. ORNL researchers have observed that the clumps are easily
broken up and do not form clumps again after being broken up. However, the clumping
incidents have involved CST that was in contact with fresh ssimulant for only a short time
(see Section 7.2.3.3.1). The data collected thus far in this area give no indication of how
the CST will behave if it islocated near the top of the lead column and interacts with
fresh waste for a period of months. Precipitation of aluminosilicates in the first few
inches of the lead column could lead to firmly solidified clumps that are not easily broken
up or even to pluggage due to excessive build up of an aluminosilicate precipitate.

9.2.7 Test Re-engineered CST

Improved manufacturing by UOP of the engineered form of CST (1E-911) will produce a
“reference” batch and two pre-production batches of 1E-911 that are designed to contain
lower amounts of leachable Nb. Variations in the manufacturing of large lots of
production samples could possibly alter the properties of the product with respect to Cs
absorption or aluminosilicate precipitation, among others. Therefore, the production
batches of 1E-911 from UOP will undergo various tests at SRTC, ORNL, SNL and
PNNL. Testsat SRTC will focus on Kq measurements, Cs-loading curves, column tests,
leaching tests, and physical properties. These tests will be supplemented at ORNL with
long-term column tests using average simulant at room temperature and long-term batch
leaching tests using average and high-OH simulants at five temperatures. Tests at SNL
will examine the leached materials with SEM and TEM. Tests at PNNL will determine
the Cs-absorption capacity of the new materials.

9.2.8 Further Evaluation of Revised CST Pretreatment Process

The development of a significantly different pretreatment process will necessitate further
R& D to demonstrate the process, obtain preliminary design bases, and prove that the
pretreatment does not impact CST performance. The improved pretreatment processes
currently under development are designed to remove leachable Nb from the sorbent.
Preliminary results suggest that pH adjustment (acid—base) is an important factor in
converting excess Nb into aform that is easily leached from fresh IE-911. Fresh sorbent
that has been pretreated will be tested to show that the Cs loading capacity and absorption
Kinetics are comparable to the baseline values.
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9.29 DWPF Glass Composition and Property Correlations

Waste qualification for DWPF included an extensive statistically-based test that proved
the durry receipt adjustment tank (SRAT), slurry mix evaporator (SME) and melter feed
tank were homogeneously mixed and that the Hydragard® results matched the tank
composition. Thiswas performed in the DPWF during cold runs (simulants) and
involved manual grab samples from the (full-scale) vessels. It may be necessary to repeat
the waste qualification tests using a full-scale SRAT/SME and full-scale duplicate of a
DWPF Hydragard® system to prove that CST/sludge/frit slurries meet the same
compositional requirements.

The fundamental philosophy behind the DWPF glass quality control program is “if you
know the composition of the melter feed, then you can predict the glass properties’.
Homogeneity, with sampling and analysis, is the “know the composition” part while the
property correlations (liquidus, viscosity, and durability) are the “predict the properties’
part. These are then put into a statistically based program called the Product
Composition Control System (PCCY) that uses the analytical results, along with all the
sampling, analytical, and correlation uncertainties, to predict whether a particular SME
batch will be processable (liquidus and viscosity) and acceptable for the repository
(durability). New glass fit compositions could be required to achieve the desired
properties. It will be necessary to perform extensive experiments to expand the
correlations to include new melter feed composition containing CST. New uncertainties
will then have to be established and the PCCS modified to include the new information.

9.2.10 Foam Control in the SRAT/SME

Prior testing indicated that CST caused increased foaming. SRTC has been working to
improve foam control in the SRAT/SME. Experiments would be needed to evaluate
whether the improved foam control program satisfactorily controls foaming caused by
CST. If not, additional development would be required.

9.2.11 DWPF Melter Feed Homogeneity

The DWPF melter feed loop system (located in the SRTC Thermofluids Laboratory) will
be tested using a combined, simulated HLW sludge, CST, and frit feed. This test will
include a statistical comparison of the chemical composition of the contents of the MFT
tank with the composition of the material that is diverted to the melter through the feed
delivery system. The god is to demonstrate that CST does not preferentialy divert to the
melter, preferentially remain with the MFT slurry, or cause segregation of the sludge and
frit. Simulated feed will be produced as part of this task using the Glass Feed Preparation
System (GFPS).

Transfer of CST/dudge/frit durry from the melter feed tank to the melter without
separation of CST or frit from the durry will be demonstrated. A fresh batch of melter
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feed material will be prepared in the GFPS using new size-reduced CST and frit specific
for the CST process. A mock up of the melter feed loop will be constructed and will be
tested to demonstrate that CST/water slurries can be fed to the DWPF melter without
material segregation. A report on this work will be published.

9.3 Caustic Side Solvent Extraction

9.3.1 Solvent Preparation

Solvent preparation related to experimental activities required for conceptual design must
be completed and the solvent performance verified with appropriate quality assurance
tests. Activities related to transferring to SRS the knowledge and techniques for solvent
preparation must be undertaken.

Assistance will be required by SRS related to scale-up of the extractant and modifier
synthesis. Issues related to appropriate synthetic steps for large-scale preparations will be
addressed.

9.3.2 Solvent Optimization

Final decisions on the solvent composition must be made, as R& D information obtained
in FY 00 and thus far in FY 01 point to possible improvements in solvent performance.
Optimal concentrations of solvent components could be employed, including a higher
modifier concentration, lower extractant concentration, and a higher TOA concentration.
Higher modifier concentration confers greater resistance to third-phase formation, and
lowers the temperature limit of the plant operating window. An economic benefit to
plant operation may be gained by lowering the extractant concentration. Current data
suggests that increasing the TOA concentration will improve the stripping in the presence
of organic components in the waste feed.

The impact on the performance of the flowsheet due to possible changes in the current
baseline solvent composition will need to be evaluated with small-scale contactor studies.

9.3.3 Solvent Stability and Cleanup Tests

Solvent cleanup and reconstitution are important issues. Current efforts focusing on
NaOH washing of the solvent appears to be effective; however, the number of solvent
recycles has been limited. Large numbers of solvent cycles may require a more optimal
washing and/or solvent treatment. Data are needed from the standpoint of extensive
solvent recycle regarding the identity of minor components that build up in the solvent,
the partitioning of these components, and the effectiveness of various solvent cleanup and
reconstitution techniques. Experiments involving extensive solvent recycle will be
needed, together with efforts to identify the impurities that become concentrated in the
solvent. Tests may also be needed to determine distribution and other properties of the
impurities, such as coalescence, third-phase formation, and the effects on Cs distribution.
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Current data show the baseline solvent is chemically, thermally and radiolytically stable.
However, data on certain degradation products, such as nitration products, will still be
needed to properly address safety issues. Hence, experiments will be needed for the
identification and analysis of nitrated degradation products relevant to process and plant

safety.
9.34 Flowsheet Optimization

A detailed model of the complete flowsheet will be needed to predict performance as the
feed composition changes with waste sources and blending operations. Some work will
be completed in FY 01, mainly regarding the major variables of temperature and
concentrations of the major ions in the feed. This model will need to be expanded to
include the effect of other ions and known impurities, as well as the effect of changesin
solvent-component concentrations. The solvent-component concentrations will vary with
usage and with the normal precision of solvent makeup expected in a production plant
environment. The modeling activity will need to be supported by the determination of
distribution ratios of all the important species in the waste feed. A large data set for the
current baseline solvent will be available from FY 00 and FY 01 activities.

For the design of a temperature management system in the process plant, studiesto gain
an understanding of the heat sources within the flowsheet will be required. Some of the
possible heat sources include Joule heating of the solutions within the mixing and
separating zones of the contactor, chemical reactions, and heats of dilutions.

Results obtained in FY 00 with the 5-cm contactors during the throughput and mass
transfer efficiency tests suggest the need to design the contactors so that solution-mixing
processes dominate any rotor pumping action. The commercially procured contactors
used in the FY 00 tests were designed primary for oil-water separation with the rotors
having considerable pumping action. With the CSSX flowsheet O/A ratios, particularly in
the scrub and stripping segments, this results in a potential foaming problem caused by
the large amount of air pulled into the separating zone of the contactor. Design and
experimental verification studies will be required to meet the contactor design needs.

Results from the “proof-of-concept” flowsheet test performed by ANL in late FY 00 show
that the mass transfer of the contactors stops when the cesium concentration in the
extraction and strip segments achieve ~ 2 X 10°° M. The end of test stage drain samples
yielded data, which represents phase equilibrium conditions, that indicates the
distribution of cesium between the organic and agueous phases is the correct ratio. These
observations suggest that mass transfer in the contactor may have reached a limited value.
Slow reaction kinetics at very low concentrations, which would decrease contactor stage
efficiency, could be one possible explanation for the observations. A second explanation
could be very low level contamination, such as surface adsorption, of the contactor
stages. Studies involving contactor mass transfer efficiency at low concentrations are
required to understand the observations. The information from the proposed studies will
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provide technically important input to any proposed changes in the size of the baseline
contactor cascade.

Although the CSSX baseline flowsheet includes a step for removal of apha radionuclides
and Sr, the required DF isrelatively low. Currently, no data exists on how these
radionuclides distribute in CSSX. To gain the necessary data, experiments should be
designed and conducted as appropriate to understand how the distribution of these species
depend on aqueous and solvent compositional variables. The benefit of these data would
be not only knowledge of the distribution of such speciesin the flowsheet, but it may aso
provide an indication of whether the potential exists to effect removal within CSSX. In
addition it may also be of benefit to extend such studies to include the removal of Sr and
alpha radionuclides by other solvent systems that could be used in tandem with CSSX. A
number of potential extractants are known from available literature. Thus, tests should be
designed to investigate the possibility of either removing Sr and alpha radionuclides
within CSSX or in an alternate process in tandem with CSSX.

9.3.5 Solvent Rheology

Some studies of CSSX solvent rheology have been completed; however, these data are
limited. Additional studies need to be completed that define the rheology of the solvent
with respect to temperature, composition, etc. These studies would also include density
variations as a function of temperature.

9.4 Small Tank Tetraphenylborate Precipitation
9.4.1 CsPrecipitation Kinetics

If the STTP process is selected, testing during the technical demonstration phase will be
conducted to provide fundamental data pertaining to the rate of precipitation of the
species of interest. Differential Scanning Calorimetry (DSC) will be explored as a
potential tool to provide fundamental measurements of the rate of precipitation of
NaTPB, KTPB and CsTPB. These tests will attempt to measure the heat of
crystallization from TPB solutions for the species of interest. The rate of evolution of
heat will then be used to calculate precipitation rates. This data will provide a
fundamental understanding of the rates involved in the precipitation reactions of interest.
Subsequent work would explore the rate of precipitation of mixed crystalline phases.

Testing will be performed to further evaluate the phenomenon of co-precipitation of
NaTPB. These tests will focus on the impact of a number of parameters effecting the
extent of NaTPB precipitation, including the agitation energy employed, the bulk Na
molarity, the concentration of the TPB ion in the feed stock, and the K concentration in
the waste feed. In addition, these tests will use available analytical tools, such as XRD,
to illuminate the fundamental nature of the crystals formed. Additional studies will
investigate the mixing achieved during the precipitation reaction through the use of
radiotracers, such as N&?.  Further testing will attempt to produce mixed crystals of
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known stoichometry and to determine the nature of these crystals, both by XRD and by
determining the solubility of these crystals. These tests will likely provide insight into
the optimal conditions for operations of the precipitation process. It is anticipated that
results from these tests will be incorporated into a 1/4000-scale demonstration of the
precipitation process. A fundamental understanding of residence time distribution in the
CSTRs will improve understanding of Cs, Sr, and actinide removal from the waste.
Testing will include analysis of precipitation rates as a function of residence time, as well
as analysis of precipitate particle sizes.

9.4.2 Precipitation Process Optimization

Severa opportunities exist to improve performance and control of the STTP process.
Those that will be considered include adding TPB to both reactors (“dual strike”) method
of TPB addition and improved mixing.

9.4.3 Washing and Filtration Studies

The next phase of testing will investigate the rate of dissolution of NaTPB from the
mixed crystalline phase. As noted above, the dissolution of TPB plays an important role
in achieving the decontamination of the waste stream and in the recovery of the TPB
during washing. Tests will be performed to measure the rate of dissolution of NaTPB
from the mixed crystalline phase. These studies will examine a number of experimental
variables including the agitation employed, the total solids loading of the precipitate, the
composition of the precipitate (ratio of Nato K in the mixed crystal), the impact of
antifoam agents, time, and metal OHs on dissolution rates. These tests will also explore
the impact of Na molarity on the dissolution rate. These results will be assembled to
provide a ssimple model of the dissolution process. This model will then be used to
produce the conditions to be employed in a demonstration of the washing process.

9.4.4 HydrolysisTesting

Additional work will explore ways to minimize the Cu catalyst concentration and
determine the corresponding maximum acceptabl e range of formic acid addition. Testing
will aso develop arelationship between nitrite and nitrate concentration in the product
stream and the absorbed dose. The identified optimum process parameters will be
validated with a complete bench-scale hydrolysis process. Work in future years will
likely explore variations of the proposed hydrolysis process, including exploring the use
of other catalysts, other forms of the Cu catalyst (such as supported Cu) or recovery of
the Cu from the product stream (to minimize the impact of Cu on glass quality). The
technical feasibility of recycling the catalyst will also be assessed.

9.4.5 Saltstone Facility
Removal of dissolved TPB from decontaminated supernate will be considered for future

evaluation. Thistreatment could reduce the quantity of benzene that would otherwise be
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released to the environment. Promising technologies will be considered for additional
testing.

9.5 Salt Waste Processing Pilot Plant

Construction of apilot plant is planned to demonstrate unit and integrated operations of
the selected radionuclide removal processes.'®* The pilot plant will fulfill the following
objectives:

Collect process data (feedback to plant design as appropriate) on:
- Unit operations,

- Integrated process,

- Process extremes and upset conditions,

- Process vdidation, and

- Equipment evaluations.

Provide training for engineers and operators.

Provide facility troubleshooting support.

Qualify feeds for integrated operation.

Provide tours and public education of the selected process.

Sizing of the pilot plant will consider pilot facilities in the chemical industry, which are
typically on ascale of /100 to 1/10. The use of smulated waste with radionuclide
tracers for some tests may be employed, and the use of real radioactive waste during
testing may a so be required.

The pilot plant will be located in an existing process areathat is well away from the site
boundary and where operations with radiological materials have already occurred.
Current plans call for the pilot plant to be located either at the Late Wash Facility, near
DWPF, or in another areathat is similar or comparable to the location of the full facility.

The pilot plant will be located in afully functional facility. Modularized design will be
used, as appropriate, to facilitate remote modifications. The pilot plant will be provided
with support services and balance of plant processes, including utilities, process support,
structural systems, and infrastructure/habitability services to support operations and to
ensure safety of personnel, equipment, and the environment. 1t will be equipped with the
necessary scaled down hardware, instrumentation and controls.

The pilot plant lifetime will span from development until construction of the Salt Waste

Processing Facility is complete. Provisions will be made for periodic decontamination,
possible reuse, and ultimate decontamination and decommissioning.
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10.0 R&D Program Controls

The following section outlines the basic premise on which SPP/R&D project
management/control procedures are defined. Existing project procedures and plans have
been reviewed and appropriately used as the basis for TFA SPP/R&D project control
procedures and management requirements. The TFA SPP/R&D project control
procedures and management requirements address the following:

requirements for project planning and baseline development
reporting requirements

change control procedures/approval process

performer and contractor roles and responsibilities

The SPP/R&D Project is using existing procedures as described in this R&D Project
Controls description, rather than devel oping separate project management procedures.

10.1 Work Authorization

Scope, cost, and schedule of SPP/R&D work for the SRS Salt Processing alternatives are
documented in performer-devel oped documents - either an EM-50 Technical Task Plan
(TTP) or EM-40 WSRC Annual Operating Plan (AOP). In both cases, existing
procedures and guidance define planning requirements. In addition, Technical Task
Requests (TTR) are prepared and issued for all SPP tasks, regardless of funding source,
by WSRC HLW Processing Engineering in accordance with WSRC Engineering
procedures. TTRs link SPP work scope (as defined in the Scope of Work Matricesin
Appendix A) to specific performers, and pass on task acceptance criteria, anaytical
methods, calibration, and quality assurance requirements so that task data are reliable for
use in WSRC Engineering pre-conceptual design activities. TTRsrequire the
development of a Technical Task Plan, which is not to be confused with an EM-50 TTP,
and will bereferredtoasa TTR-TTP. The TTR-TTP establishes the task scope and
describes how the performer plans to implement requirements identified in the subject
TTR.

Work on the part of a project performer is authorized to begin once WSRC HLW Process
Engineering approves a TTR-TTP and funds are authorized. Funds are authorized via an
approved EM-40 AOP or an approved EM-50 TTP.

10.2 Change Control

The technical baseline established in the R& D Program Plan provides the basis on which
any change will be evaluated.

10.1



Tanks Focus Area PNNL-13253
SRS St Processing Project R& D Program Plan Revision 1

The EM-40 AOP and EM-50 TTP, in conjunction with TTR-TTPs, define the specific
technical activities necessary to meet the objectives established in the R&D Program
Plan. Once atask is approved, all changes that impact an approved scope, schedule, or
budget are subject to review and approval by the SPP Change Control Board (CCB) prior
to formal submission for subsequent approvals as described in the respective EM-40 AOP
or EM-50 procedures. The SPP CCB is comprised of the TFA SPP/R&D Technology
Development Manager, WSRC SPP Program Manager, WSRC SPP Pre-Conceptual
Design Engineering Manager, WSRC HLW Process Engineering Manager, and WSRC
SPP Operations Manager.

Changes that impact the EM-50 financia plan or affect a TFA HQ level milestone are
approved by the TFA Program Manager and documented by means of a Technical
Change Request (TCR). TCRs may be initiated by any of the individuas who have
concurred on or approved the EM-50 TTP. All TCRs are initialy sent to the TFA
SPP/R& D Deputy/Project Controls Manager for review to ensure that the TCR contains
adequate justification. Once approved, the TCR is submitted to the appropriate contract
and budget authority for processing.

The TFA Program Manager (EM-50) and the DOE-SR SPP Manager (EM-40) are
responsible for approving and submitting formal budget/contract changes identified
according to the requirements of the particular task funding type (i.e., financia plan,
Inter-Office Work Order [IWQ], AOP). In addition, the SPP CCB and the TFA Program
Manager evaluate all changes for their impact to the technical baseline and ensure proper
coordination and approval of the DOE Technical Working Group (TWG). Changes
expected to require TWG approval include: TWG directed changes, changesin
technology options, changes with a budget impact of greater than $1M, or changes which
impact a TWG identified milestone.
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Appendix A

Salt Processing Technology Development Scope of Work Matrices,
Roadmaps, and L ogic Diagrams

The guiding documents for this Research and Development Program Plan are the Science and
Technology Roadmaps for Alpha and Strontium (Sr) Removal, Crystalline Silicotitanate (CST)
Non-Elutable lon Exchange, Caustic Side Solvent Extraction (CSSX), and Small Tank
Tetraphenylborate Precipitation (STTP). The Science and Technology Roadmaps provide the
technology development paths forward towards successful deployment of the three options. The
Tanks Focus Area has conducted areview of the existing roadmaps and has recommended
additions to the current workscope, including evaluation of alternative processes for alphaand Sr
removal. The recommended changes were approved by the Technical Working Group and have
been incorporated in the roadmaps presented here.

The Scope of Work Matrices (SOWMs) provide a more detailed description of the work
summarized in the roadmaps and logic diagrams. These SOWMs were primarily used to identify
research and development (R& D) work required to reach a technology down-selection decision.
Some work aso isincluded in these SOWMs that has been identified as appropriate post down-
selection R&D. However, no attempt has been made to compile a comprehensive list of all post
down-selection R&D in these documents. Additional R& D planning will be required to support
future stages of the project, e.g., conceptual design, pilot plant design and operation, final design,
and startup support.
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Change Control Record

Document Name

Applied Technology Integration Scope of Work Matrix for

Alpha Removal (Demonstration Phase)

Unique Identifier

HLW-SDT-2000-00047

Summary of Changes

Revision Date Matrix BCF Number(s) Reasons for change | Items Affected by the change
Revision
February 15, 2000 0 NA Initial Issue NA
July 10, 2000 1 NA Incorporates ECF # All changesidentified with revision

HLW-SDT-2000-00265 | bars.
which dispositions
comments from the TFA
team.

August 23, 2000 2 NA Incorporates ECF # All changes identified with revision
HLW-SDT-2000-00346, | bars.
which adds the
evaluation of the impact
of chemical composition
on filter flux rate.

November 9, 2000 3 NA Incorporates ECF # All changesidentified with revision

HLW-SDT-2000-00431
which dispositions
comments from the TFA
team and updates
document with FY 00
science and technology
results.

bars.
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HLW-SDT-2000-00047
Revision: 3

Use of Workscope M atrix

This Workscope Matrix has been developed to define the Science and Technology (S&T)
development activities to be performed for Alpha Removal during the Demonstration Phase.
The guiding documents for this Workscope Matrix are the HLW Salt Disposition SE Team
Science and Technology Roadmaps for Small Tank TPB Precipitation, CST Non-Elutable lon
Exchange and Caustic Side Solvent Extraction. The S& T Roadmaps provide the technology
development paths forward towards successful deployment of the three options. This matrix
(Attachment 1) expands on the roadmaps by providing the high level details of each segment of
Alpha Removal research and development, assigning responsibility for the execution of each
segment and documenting the path through each segment of R& D in the form of alogic diagram
(Attachment 2). Thelogic diagram tiesto the S& T Roadmaps using S& T item numbers.

In this Demonstration phase, Scale-up will be performed wherever practical and advantageous to
the confirmation of technology and application of technology to the full-size facility. The
Workscope Matrix provides an additional definition of at which scale the S& T development is to
be conducted.

The Scope of Work Matrices (SOWMs) provide a more detailed description of the work
summarized in the roadmaps and logic diagrams. These SOWMs were previously used to
identify R&D work required to reach a technology downselection decision. Some work aso is
included in these SOWMs that has been identified as appropriate post-downselection R&D.
However, no attempt has been made to compile a comprehensive list of all post-downselection
R&D in these documents. Additional R&D planning will be required to support future stages of
the project, e.g. conceptual design, pilot plant design and operation, final design, and startup
support.
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HL W-SDT-2000-00047

Revision: 3
ATTACHMENT 1 - Alpha Removal Work Scope Matrix
Item | Item Considerations Scale Lead Org. | Path Forward Doc. Reference Doc. Uncertainty
No.
Process Chemistry
1.0 MST The addition of Monosodium Titanate (MST) has been proposed to sorb the soluble U, Pu, HLW-SDT—TTR-99-130.O1 WSRC-TR-99-00134° CST: 10
Sorption and S contained in the waste stream. The rate and equilibrium loading of these w252'$2'335%1833903 WSRC-TR-99-00219° TPB: 4
Kinetics components as a function of temperature, ionic strength and mixing is required to support Sieeed 3 WSRC-TR-99-00286° )
the batch reactor design. Initial data from batch reactor data indicates the MST kinetics WSRC-RP-2000-00361 CsSX: 6
require more than the 24 hrs assumed in pre-conceptual design resulting in larger reactor |
batch volumes. Sudies will be conducted to determine if the MST strike could be vHvLsV%/(fg;-—;—; Eiggb:;s'o
completed in the existing SRSwaste tanks. Alternatives to MST will be investigated. WSRC-TR-2000-00229°
- _ " 3
MST sorption kinetics experiments have been performed at 7.5 M and 4.5 M Nat. Inthe wggg_;igggg_gggg%
current flowsheet, the Alpha Sorption step for CST would be performed at 5.6 M Nat. WSRC-TR-2000-00142°
Additional experimentation may be performed at 6.44 M Nat+ for CSSX. Also, questions
have been raised regarding the oxidation states of Pu (initial, as afunction of ionic
strength, and equilibrium as Pu is sorbed onto MST) and the effect of oxidation states on
MST sorption rates. Since Pu is the primary source of alpha, it isimportant to assure that
experimental results obtained with simulants are representative of performance with real
wastes.
11 Repeat prior experiments on Sr, Pu, U, and Np remova with0.2and0.49 | | gp SRTC
MST/L at 5.6M Nat.
12 Develop an understanding of the sorption mechanism for the radionuclides | | g SRTC
on MST.
1.2.1 Examinereal waste samples for evidence that the radionuclides
(and especialy the actinides) exist as colloids.
1.2.2 Measure the kinetics of sorption and capacity for single
radionuclides
1.2.3 Perform fine structure x-ray analyses (XAFS) on samples of MST
from the experiments individual radionuclide to gain understanding
of the binding, or surface chemistry. (post-downselect)
1.2.4 Examinethe influence of oxidation state of the sorption of Pu onto
MST.
13 Study Allied Signal NaT as areplacement for MST Lab SRTC
14 Study alternative alpha removal technologies Lab SRTC

1.4.1 Literature review of aternative alpharemoval technologies,
including magnetic precipitation

1.4.2 Perform scoping studies based on literature evaluation

15 Evaluate alternative filter cleaning methods if new sorbents are chosen
(Preliminary Design) (post-downselect)

Note: See Matrix Legend for definition of column content
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HL W-SDT-2000-00047

Revision: 3

Item
No.

Item

Considerations

Scale

Lead Org.

Path Forward Doc.

Reference Doc.

Uncertainty

Process Engineering

6.0

Engineering
Scale
Filtration
Studies

Filtration of MST and sludge is required to prevent plugging of the ion exchange column.
Initial data indicates low flux rates for the filtration of these solutions requiring large
filter areas and high axial velocity for cross flow filtration techniques. Alternative
solid/liquid separation techniques and filter aides will be studied, and a selection made.
Filtration cleaning studiesincluding the impact of spent cleaning solution will be studied.

Tests for MST/sludge filtration (Alpha Sorption step) performed during Phase IV (FY 99)
indicate low crossflow filter fluxes leading to very large filters. Improvement in filter size
and operation is desired.

6.1 Elucidate role of TPB in filtration
6.2 Investigate/test ways to improve filtration rates/fluxes
6.2.1 Filter aids, flocs, etc
6.2.2 Different filtration technologies
6.2.3 Different filtration approaches; for example
6.2.3.1  Prefilter/rough filter
6.2.3.2  Different ratios of flocg/aids, etc

6.3 Select most promising technology and run confirmation test with FRED at
uUsC

6.4 Perform real waste tests using CUF
6.5 Evaluate alternative solid/liquid separation technologies
6.5.1 Literature study

6.5.2 Test promising aternative solid/liquid separation technologies, if
warranted by literature study

6.5.3 Conduct Real Waste Test

6.6 Evaluate the impact of chemical composition on filter flux rate (the
evaluation will include the use of an in-line particle size analyzer for pilot
filtration facility { FRED})

NA
Lab

Pilot

Bench

Lab

Pilot

SRTC
SRTC

SRTC

SRTC
SRTC

SRTC

HLW-SDT-TTR-99-30.0
WSRC-TR-99-00483?
WSRC-TR-2000-00288°
WSRC-TR-2000-00270°
WSRC-TR-2000-00287°
WSRC-RP-2000-00685°

HLW-SDT-TTR-2000-00013"

WSRC-TR-99-00343°

CST: 9,15
TPB: Design Input
CSSX: 5

9.0

Analytical
Sample
Requirements

The analytical sample requirementsincluding on-line analysis must be devel oped to
support control strategy development.

Develop at-line (or on-line) analyzer for **'Cs, *Sr, and total apha.

9.1 Issue request for interest package for vendor solicitation

9.1.1 Conduct independent assessment of vendor bids and technical
maturity of analyzer technology

9.2 Procure and test analyzer (post-downsel ect)

Activities to resolve these issues are common to CST, TPB and CSSX

Full

PNNL/
Analytical
Meas.Lab

G-TC-H-00030

CST: 5
TPB: 7
CSsX: 7

Note: See Matrix Legend for definition of column content
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Item No.

Item

Considerations

Scale

Lead Org.

Path Forward Doc.

Reference Doc.

Uncertainty

NA

HLW-SDT-2000-00047
Revision: 3
Matrix L egend

Corresponds to the block number on the Science and Technology Roadmap and Logic Diagrams; provides atie
between documents.

General title of the S& T block; corresponds to block title on the Science and Technology Roadmap and Logic
Diagrams.

Discusses the considerations pertinent to the completion and resolution of each item; provides details and numbered
R&D activities to be performed to resolve the item (numbered R& D activities correspond to numbered activities on
logic diagrams). Italicized text is extracted from previous roadmaps and reflects activities previously completed or
no longer required.

Defines the scale at which R&D test will be performed (Lab scale, bench scale, engineering scale or pilot scale).

| dentifies the organization responsible for conducting the R& D activity and hence location where activity will be
performed.

Lists the applicable Technical Task Requests (TTRs) denoted xxxx®; Task Technical and Quality Assurance Plans
(TTPs) denoted xxxx*and Test Reports (TRs) denoted xxxx® which respectively initiate, plan and document the
results of R&D activities.

Lists reference documents such as previous test results, reviews etc., which relate to the current R& D activity.

Provides a cross-tie to the cost validation matrix uncertainty statement Ids within the Decision Phase Final Report,
WSRC-RP-99-00007.

Not Applicable
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Revision: 3

ATTACHMENT 2 - Alpha Removal S& T Logic Diagrams

MST SORPTION KINETICS

Page 1

For Continuation Refer to

1.0 Alpha Removal
Kinetics and Equilibrium
11 MST
at5.6
M Na-
1.2 Sorption
Studies
121 Examine
—| Real Waste for |
Colloids
1.2.2 Measure
| Sorpion Kinetics [
and Capacity

1.2.3 Perform X-
{—»{Ray analyses of ~ [—|
MST Samples

1.2.4 ExaminePu
—w{ Oxidation State '
Effect on Sorption

1.3 Study Allied
Signal NaT

[ |15 Alternate
£”| Filter Cleaning

1.4 1D & Study
Alternate Alpha
Removal Tech.

CST, TPB and CSSX
Workscope Matrices

6.0 Engineering Scale
Filtration Studies
Studies

6.1 Role of TPB in

Filtration

6.2 Improve
{——» Filtration Rates/
Flows

ENGINEERING FILTRATION

6.3 Most Promising
Technology Tested

STUDIES (6.0)

Etc,

6.2.1 Filter Aids, Flocs

Technologies

6.2.2 New Filtration

Approaches

6.2.3 New Filtration

6.6 Evaluate
f——»!Impact of Chem.

6.2.3.1 Pre-Filter/

Rough Filter -

6.2.3.2 Different Rates
of Floc/Aids Etc,

Composition

6.5 Alternative
SIL Separation

6.5.1 Literature
Study

Test
Alternatives ?

at FRED

6.5.2 TestS/L
Separation
Alternatives

For Continuation Refer to
CST, TPB and CSSX
Workscope Matrices

6.4 Real Waste
Tests Using CUF

Real Waste
Test ?

6.5.3 Conduct
Real Waste Test
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ATTACHMENT 2 - Alpha Removal S& T Logic Diagrams

9.0 Develop at-line (or on- ANALYTICAL SAMPLE
line) analyzer for 1*'Cs, REQU IREMENTS (90)

9Sr and alpha

Page 2

9.1 Issue request
for interest 9.2 Procure and
| package for "| Test Analyzer

vendor solicitation

For Continuation Refer to

> CST, TPB and CSSX
Workscope Matrices
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Change Control Record

HLW-SDT-99-0354
Revision: 5

Document Name

Applied Technology Integration Scope of Work Matrix for
CST Non-Elutable lon Exchange (Demonstration Phase)

Unique ldentifier

HLW-SDT-99-0354

Summary of Changes

Revision Date

Matrix
Revision

BCF Number(s)

Reasons for change

ltems Affected by the change

December 2, 1999

0

NA

Initial Issue

NA

December 27, 1999

1

NA

Incorporates ECF #
HLW-SDT-99-0387
which added
TTR/TTP/TR references,
tiesto uncertainty 1Ds,
updates to reflect
feedback from TTR/TTP
development and
incorporated minor
editorial comments

All changes identified with revision
bars

January 10, 2000

NA

Incorporates ECF#
HLW-SDT-2000-00010
which aligned
workscope matrix with
finalized FY 00 approved
workscope and
incorporated DOE
review comments by
removing holds and
identifying work to be
initiated in FY01 and
incorporated minor
editorial comments.

All changes identified with revision
bars

February 15, 2000

NA

Incorporates ECF#
HLW-SDT-2000-00050
which removed
information from items
common to all three
technologies that are
now being controlled
through Alpha Removal
workscope matrix HLW-
SDT-2000-00047 and
changed Section 9.0 to
show WSRC overview
of UOP R&D.

All changes identified with revision
bars
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Revision: 5

Change Control Record (Continued)

Revision Date Matrix BCF Number(s) Reasons for change | Items Affected by the change
Revision
July 10, 2000 4 NA Incorporates ECF # All changes identified with revision
HLW-SDT-2000-00267 | bars.
which dispositions
comments from the TFA
team.
November 21, 2000 5 N/A Incorporates ECF # All changes identified with revision

HLW-SDT-2000-00464
which dispositions
comments from TFA
team and updates
document with FY 00
science and technology
results

bars.
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HLW-SDT-99-0354
Revision: 5

Use of Workscope M atrix

This Workscope Matrix has been developed to define the Science and Technology (S&T)
development activities to be performed during the Demonstration Phase. The guiding document
for this Workscope Matrix is the HLW Salt Disposition SE Team Science and Technology
Roadmap (Attachment 1). The S&T Roadmap provides the technology development path
forward towards successful deployment of the CST Non-Elutable lon Exchange option. This
matrix (Attachment 2) expands on the roadmap by providing the high level details of each
segment of research and development, assigning responsibility for the execution of each segment
and documenting the path through each segment of R&D in the form of a logic diagram(s)
(Attachment 3). The logic diagrams tie to the S& T Roadmap using numbered key S&T
decisions/milestones.

In this Demonstration phase, Scale-up will be performed wherever practical and advantageous to
the confirmation of technology and application of technology to the full-size facility. The
Workscope Matrix provides an additional definition of at which scale the S& T development is to
be conducted.

The Scope of Work Matrices (SOWMs) provide a more detailed description of the work
summarized in the roadmaps and logic diagrams. These SOWMs were previously used to
identify R&D work required to reach a technology downselection decision. Some work aso is
included in these SOWMs that has been identified as appropriate post-downselection R&D.
However, no attempt has been made to compile a comprehensive list of all post-downselection
R&D in these documents. Additional R&D planning will be required to support future stages of
the project, e.g. conceptual design, pilot plant design and operation, final design, and startup
support.
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ATTACHMENT 1 - Science and Technology Roadmap

HLW-SDT-99-0354

SCIENCE AND TECHNOLOGY ROADMAP FOR CST NON-ELUTABLE ION EXCHANGE CESIUM REMOVAL PROCESS

PRE-CONCEPTUAL/CONCEPTUAL DESIGN

[ PRELIMINARY DESIGN | ‘

FINAL DESIGN

CONSTRUCTION PHASE

PROCESS ENGINEERING

Filtration Studies

7.0 Engineering Scale
Mixing Studies

Filtration Tech.
Mixing Tech.

A

Technology Downselection

8.0 Thermohydraulic
& Transgurt

Prop:

1.0 Engineering Scale

3’ IX Column
A

Engineering Scale
& Property Data
Conceptual Design Data

[y

Performance Data

13.0 Operate Pilot
Fac. Unit Ops Mode

4 5 | 12,0 DEB Integrated .6 )
Pilot Facility

|| 14.0 Operate Pilot

7
‘ > Fac. Integrated Mode

.

N

23.0 DEB Integrated
Simulator

24.0 Operate
Simulator

N

21.0 Instrumentation

9.0 Analytical Sample

10.0 Control
Strategy

Requirements

PROCESS CHEMISTRY

3.0 Bench Scale IX

Studies

2.0 CST Ki

netics

1.0 MST Adsorption

Bench Scale
Performance Data

Kinetic Data

22.0 Methods
Development

Kinetics

¥

4.0 Solubility 5.0 Physical Property
Data Data
HLW SYSTEM INTERFACES
y
17.0 Glass 18.0 19.0 Feed 20.0 DWPF Sludge/ 28.0 Waste Form 8 I
Titanium Loading Durability Homogenity CST Coupled Chem Requalification
15.0 Tank Farm J 26.0 Recycle 16.0 Additional Tank 27.0 Feed Blending
Blending gl Treatment Farm Char. Refinement
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KEY S&T DECISIONS/MILESTONES

€ 0.0000000

Select Filtration Technology

Select Mixing Technology

Decision for Engineering Scale IX Column Study

Technology Downselection

Assurance to Proceed with Pilot
Conceptual Design Report
Confirmation of Performance Data
Acceptance Waste Form.

Assurance to Proceed with Construction

*DEB = Design, Engineer, and Build



HLW-SDT-99-0354

Revision: 5
ATTACHMENT 2 - CST Non-Elutable lon Exchange Work Scope M atrix

Item | Item Considerations Scale Lead Org. | Path Forward Doc. Reference Doc. Uncertainty

No.

Process Chemistry

1.0 MST The addition of Monosodium Titanate (MST) has been proposed to sorb the soluble U, Pu,

Sorption and S contained in the waste stream. The rate and equilibriumloading of these
Kinetics components as a function of temperature, ionic strength and mixing is required to support
the batch reactor design. Initial data from batch reactor data indicates the MST kinetics
require more than the 24 hrs assumed in pre-conceptual design resulting in larger reactor
batch volumes. Studies will be conducted to determine if the MST strike could be
completed in the existing SRSwaste tanks. Alternativesto MST will be investigated.
MST sorption kinetics experiments have been performed at 7.5 M and 4.5 M Nat. Inthe
current flowsheet, the Alpha Sorption step for CST would be performed at 5.6 M Nat+.
Also, questions have been raised regarding the oxidation states of Pu (initial, asafunction
of ionic strength, and equilibrium as Pu is sorbed onto MST) and the effect of oxidation
states on M ST sorption rates. Since Pu is the primary source of apha, it isimportant to
assure that experimental results obtained with simulants are representative of performance
with real wastes.
1.3.1 Activitiesto resolve these issues are common to CST, TPB and
CSSX, Refer to Alpha Removal Workscope Matrix (HLW-SDT-
2000-00047) for further details.

2.0 CST Kinetics | The ability of CST to remove Cs from aqueous waste solutions needs to be investigated as HLW-SDT-TTR-99-34.0' | HLW-SDT-99-0238° 11, 13, 15, 29, 31
afunction of temperature and waste composition. Potassium, strontium, nitrate, and WSRC-RP-99-01079” WSRC-TR-99-00313°
hydroxide are known to impact the equilibrium loading of Cs on the CST. Mass transfer HLW-SDT-99-0273°
coefficients as a function of column geometry and velocity vs. diffucivity must also be HLW-SDT-TTR-99-36.1" | \\/sRC.TR-99-00312°
determined to ensure proper ion exchange column sizing. The ability of CST to sorb S, Subcontract AC18850N> 5
Pu and U must be determined to avoid potential criticality issues. De-sorption of the Cs WSRC-RP-2000-00812> | WSRC-TR-99-00374
due to normal and abnormal operations such as temperature swings must be determined.

Thermal stability of CST must be determined. HLW-SDT-TTR-99-36.2
Subcontract AC18850N?

During Phase |V experiments, observations led to questions regarding the presence and WSRC-RP-99-01079%

fate of excess materials, “dry back” fines, lot-to-lot variability, chemical and thermal WSRC-RP-2000-00812?

stability, and predictability of resin performance in SRS waste. Significant additional

effort isrequired to understand the implications and to assure applicability to SRS HLW-SDT-TTR-99-38.1

processing requirements. In fact, the resin may have to be “reengineered” to meet SRS WSRC-RP-99-01079%

needs. AL2WT2VA.12
AL2WT2UA .22

During FY 00, it was recognized that MTZ length is approximately proportional to 1/C, RL3WT2V/A.2°

(Co = initial concentration) and that a substantial amount of the projected waste feeds RL3WT21/B.1°

would have [Cg] significantly lower than was used to size the columns. Also, model RL3WT21/B.2°

results for projected waste compositions should be compared against the standard

simulants. HLW—SDT—TTR—299—38.21

21 Work with UOPto: Lab UoP ORILICE e
211 Eliminate or remove excess materials AL2WT2VA.22

RL3WT2VA.2?

2.1.2  Eliminate or reduce chloride or change to nitrate form

Note: See Matrix Legend for definition of column content
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HLW-SDT-99-0354

Revision: 5
Item | Item Considerations Scale Lead Org. | Path Forward Doc. Reference Doc. Uncertainty
No.
P i RL3WT21/B.12
213 Eliminate or reduce attrition RL3WT21/B 22
214 Reducelot-to-lot variability (Develop rapid, reliable tests(s) to
detect |ot-to-lot variability - short term kinetics/pore diffusion test)
215 Pretreatment of reengineered resin
2.1.6 Improve the particle size distribution of |1E-9xx asit is produced
217 Consultation from Sandia National Laboratory
2.1.8 Findizere-engineered form
22 Resolve/understand CST chemical stability issues
2.2.1 Longterm exposure
2211  ExposeCST to waste at normal operating temperatures | Lab ORNL
for 8 —9 months and then perform standard column run
2212  Stability/precipitation during NaOH pretreatment and Lab SRTC
exposure to 5.6 M waste — proprietary constituents
Static and dynamic exposure with frequent solution
replenishment
Varying salt composition and temperature
Solid (CST and precipitate ) characterization
Effect on pore size (macro and micro)
K¢ measurement and column run at end of
exposure
2213  Evauate aternative CST pre-treatment process Lab SNL
2214  Laboratory confirmation Lab SNL
2.3 Resolve/understand CST thermal stability issues Lab SRTC
2.3.1 Thermal/equilibrium desorption/leaching
Understand mechanism by which Cs was leached in ORNL
tests
Leaching? CST phase change? shift in equilibrium?
2.3.2 Determine why Csdid not reload after temperature dropped
2.3.2.1 Using actua simulants to determine the rate of Cs-137 Lab SRTC
desorption from loaded CST (1E-910, IE-911, and
binder if available) as a function of temperature — tests
would include cycling temperature from 25 to 50-80 °C
2322  Contract with Sandia National Laboratory and Pacific | na SNL/
Northwest National Laboratory to provide consulting PNNL
and characterization services
24 Expand the understanding of cesium removal kinetics and CST capacity
for other actual tank wastes by examining Cs removal efficiency for
various radioactive waste matrices in inventory at SRS
24.1 Obtain small dip samples (approx. 100 mL) from different SRS Lab SRTC

waste tank supernates and perform Kd measurements and waste
characterization for elemental composition

Note: See Matrix Legend for definition of column content
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No.

Item

Considerations

Scale

Lead Org.

Path Forward Doc.

Reference Doc.

Uncertainty

2.4.2  Using the IX column model, perform case studies to evaluate the
effect of projected waste composition (both salt composition and
[Cs]) onthe MTZ length and CST loading: compare to model
results for the SRS simulants. Waste compositions shall be as
developed by the salt removal plan. (post-downselect)

25 Second generation CST - Determine if CST can be re-engineered to sorb
apha(i.e, Pu) : eg., add a Pu sorbant with the IE-911 to form a combined,
engineered resin that would remove Cs, Sr, and Pu? (post-downsel ect)

NA

Lab

SRTC

UoP

3.0

Bench Scale
IX Studies

Radioactive bench scale column tests must be conducted to determine the radiolytic
generation rate of hydrogen and other gases. These gases represent potential safety and
column operational issues.

Due to various constraints, we were unable to run the small column flowing test in a
radiation field during Phase | V. These tests would investigate the impact of gas formation
(both radiolytic and non-radiolytic) on the CST performance of aflowing column.
31 Provide better understanding of large column behavior to guide design
interpretation of small column tests

3.1.1 Improve calculations of gas generation in large columns

3.1.2 Definerate and location of bubble formation as Cs loading
progresses

3.1.3 Edtimate diffusion rates of gases out of CST particles, compare to
generation rate and confirm with experiments

32 Demonstrate and measure the effect of internal and external bubbles on Cs

sorption

3.2.1 Determine method for generating gas bubbles in macro channels
(including method to verify pressure and volume)

3.2.2 Measurerate of sorption of Csin CST w/ and w/o bubbles (use Kd
or flowing column tests at 1 Mrad/hr

NA

Lab

SRTC

SRTC/
ORNL

HLW-SDT-TTR-99-31.1"
WSRC-RP-99-01079*
WSRC-TR-2000-00177°

HLW-SDT-TTR-99-31.2"
ORNL/CF-99/66°

WSRC-TR-99-00308°
WSRC-TR-99-00285°
HLW-SDT-99-0248°
HLW-SDT-99-0257°

11,33

4.0

Solubility
Data

Solubility of various salts must be determined to define the lower bounds of operating
temperature and minimum tank farm dilution requirements.

4.1 Determine H, and O, solubility as a function of temperature, Na+
concentration, and salt composition.

Lab

SRTC

HLW-SDT-TTR-99-31.1*
WSRC-RP-99-01079”

Design Input

5.0

Physical
Property Data

General physical property data such as density, viscosity, yield stress and consistency of
slurries, as a function of state variables such as temperature isrequired to support the
design effort. Settling velocity and re-suspension requirements must be determined.

At least one case of column plugging was observed and attributed to post-precipitation of
auminates from simulant. Also, others (UOP and ORNL) have stated that dilution of real
wastes must be performed with NaOH to avoid gibbsite and alumino-silicate precipitation.
It is necessary to develop an understanding of simulant preparation and waste dilution that
prevents post-precipitation that could cause column plugging.

Work performed during FY 00 demonstrated the ease with which salt solutions

HLW-SDT-TTR-99-37.1*
WSRC-RP-99-01079”
WSRC-TR-2000-00167°

HLW-SDT-TTR-99-37.2"
ORNL/CF-99/65°

HLW-SDT-TTR-99-38.2
WSRC-RP-99-01079?
AL2WT21/A .22
RL3WT21/A.2*
RL3WT21/B.22
RL3WT21/B.3°

WSRC-RP-99-00597°
WSRC-TR-99-00219°
WSRC-RP-99-00836°

11,35

Note: See Matrix Legend for definition of column content
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Item | Item Considerations Scale Lead Org. | Path Forward Doc. Reference Doc. Uncertainty
No.
supersaturated with aluminates could be formed. Additionally, these solutions reached
equilibrium very slowly. It ispossible that real SRS wastes could be supersaturated with
subsequent precipitation of silicoaluminates within the CST columns.
Using a combination of bench-top experiments and high-ionic strength solution modeling
to:
5.1 Develop an understanding of and prevention of post-precipitation in waste
simulants and modify simulantsiif required
511 Determine how to dilute waste solutions to prevent precipitation
and post-precipitation of aluminates, alumino-silicates, and any Lab SRTC
other insoluble salts that may form due to dilution
5.1.2 Perform scoping tests to examine the chemistry of leached Si and
proprietary chemical, silica contained in the salt solution and the Lab SRTC
associated soluble Al.
5.1.3 Measurethe effects of the chemistries on the K, for CST (IE-911)
desorption/resorption at two temperatures Lab SRTC
5.14 Characterize leached CST samples (surfaces, crystal structures
etc.,) with solid characterization techniques (XRD, BET, SEM, IR, | Lab SNL/
and Raman) PNNL
515 Waste/simulant equilibrium studies
5151 Evauatethe accuracy of the ORNL computer model
5152  Determine equilibrium state of waste in SRS tanks with NA ORNL
respect to crystallization of solids Bench SRTC
5153  Measureimpact of diluting radioactive waste with
NaOH Bench ORNL
5154  Compare SRS simulant compositions with radioactive
wastes in tanks (post-downselect) Bench SRTC
5155  Develop waste composition limits for feed to CST IX
process (post-downsel ect) NA HLW-PE
5.2 Determine the effect of carbonate, oxalate and peroxide on the capacity
and Csremoval kinetics Lab SRTC/
521 Measure sorption isotherms for arange of cesium starting Texas
concentrations A&M
5.2.2 Develop new coefficientsfor ZAM model (Texas A& M) for Cs
sorption. (post-downsel ect)
523 Perform Ky measurements with different anion concentrations to
determine magnitude of fouling of CST — utilize WPT g-counter,
SEM, IR, Raman
53 CST Capacit,
ety Leb SRTC

531

532

Extend data on 1E-911 (includes binder) capacity as function of
temperature in various salt solutions

Include comparisons of nitrate form and |1E-910

Note: See Matrix Legend for definition of column content
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Process Engineering

6.0

Engineering
Scale
Filtration
Studies

Filtration of MST and sludge is required to prevent plugging of the ion exchange column.
Initial data indicates low flux rates for the filtration of these solutionsrequiring large
filter areas and high axial velocity for cross flow filtration techniques. Alternative
filtration techniques and filter aides will be studied, and a selection made. Filtration
cleaning studies including the impact of spent cleaning solution will be studied.

Testsfor MST/sludge filtration (Alpha Sorption step) performed during Phase IV (FY 99)
indicate low crossflow filter fluxes leading to very large filters. Improvement in filter size
and operation is desired.

Activities to resolve these issues are common to CST, TPB and CSSX, Refer to Alpha
Removal Workscope Matrix (HLW-SDT-2000-00047) for further details.

7.0

Engineering
Scale Mixing
Studies

As noted in the kinetic section above good reactor mixing is essential to proper alpha
decontamination batch reactor sizing. Smple mixing by agitation or recirculation may not
be adeguate. Alternate mixing technologies will be studied. Resuspension criteria must be
developed.

Identified activities will be conducted during Conceptual Design

NA

NA

NA

34

8.0

Thermo-
hydraulic and
Transport
Properties

Thermal and hydraulic properties must be determined to allow for determination of heat
removal loads and technologies (jacketed vessels, cooling coils, heat exchanger, etc.). The
crush strength of the CST is especially important. Determination of the CST minimum
transportation and fluidization velocity is required.

Many questions/concerns about the CST process are related to equipment design and
operation. These have not been previously addressed and have been carried as
uncertainties and risks. A number of these questions/concerns will be addressed.

8.1 Investigate pre-conceptual designs for moving packed beds and fluidized
beds

8.1.1 Hireaconsultant for preliminary evaluation of aternative
configurations and other fixed bed configurations

8.1.2 Evauateindustria designsfor moving bed columns
8.2 Investigate improvementsin current fixed packed bed design
821 Simplify valving
8.22  Reduce complexity of column changeout activities
8.2.3  Alternative column size and configurations
8.3 Investigate pre-conceptual designs gas disengagement equipment

831 Test selected designs

84 Measure heat transfer characteristics of CST column with gas bubbles

NA

NA

Large
Column

Lab

HLW-DE

HLW-DE

ORNL

ORNL

HLW-SDT-TTR-99-32.1*
WSRC-RP-99-011172
ORNL/CF-99/68°

HLW-SDT-TTR-99-32.2
ORNL/CF-99/68°

HLW-SDT-TTR-2000-12"
WSRC-RP-2000-00887>

HLW-SDT-99-0133°

HLW-SDT-99-0141°

WSRC-TR-99-00116°
WSRC-TR-99-00313°
WSRC-TR-99-00285°
WSRC-SDT-99-0257°
WSRC-TR-99-00374°

2,3,4,6,7

Note: See Matrix Legend for definition of column content

Page 10 of 20




HLW-SDT-99-0354

Revision: 5
Item | Item Considerations Scale Lead Org. | Path Forward Doc. Reference Doc. Uncertainty
No.
9.0 Analytical The analytical sample requirementsincluding at-line analysis must be devel oped to
Sample support control strategy development.
Reguirements
Develop an at line analyzer for Cs, Sr, and total apha
Activities to resolve these issues are common to CST, TPB and CSSX, Refer to Alpha
Removal Workscope Matrix (HLW-SDT-2000-00047) for further details
10.0 | Control Control Srategy must be developed to support the designing, engineering, and building of | NA NA NA 4
Strategy the pilot facility.
Pre-Conceptual Design of the Pilot Facility has started
11.0 | Engineering The bench scale kinetic data, and remoteability requirements may indicate the need for NA NA NA Design Input
Scale IX intermediate scale ion exchange column testing prior to designing, engineering, and
Column building of the pilot facility. Demonstration of the ability to remotely load and unload the
columnsis essential. Impact of column operation due to size reduction of the CST during
operation isrequired.
Pre-Conceptual Design of the Pilot Facility has started
12.0 | Design, A pilot scale (to be determined) facility will be built to support the confirmation of design NA NA NA Design Input
Engineer, and | data and development of operator training.
Build (DEB)
Integrated Pilot Facility Conceptua Design will be conducted in parallel with afinal technology
Pilot Facility | selection. Pilot Facility design will be conducted on the selected technology.
13.0 | Operétion of The pilot facility testing will include a phase of single unit operations to confirm bench NA NA NA Design Input
the Pilot scale property data, operational parameters and proof of concept component testing.
Facility ina
Unit Pilot Facility Conceptua Design will be conducted in parallel with afinal technology
Operations selection. Pilot Facility design will be conducted on the selected technology.
Mode
14.0 | Operation of The pilot facility testing will include a phase of integrated operationsto ensurethedesign | NA NA NA Design Input
the Pilot will operate under upset conditions, determine the limits of operation to dictate recovery,
Fecilityinan | thelimits of feed composition variability, and confirm design assumptions. Investigation
Integrated of the operating characteristics while varying the vel ocity, temperature and waste
Operétions composition will be conducted. This testing will aid in operator training and simulator
Mode devel opment, which in accordance with the overall project roadmap is completed during
the construction phase of the project.
Activities will be conducted during Preliminary Design.
21.0 | Instrument- Activities will be conducted during Conceptual Design. NA NA NA Design Input
ation
22.0 | Methods Activities will be conducted during Conceptual Design. NA NA NA Design Input
Development
23.0 | Design, Activities will be conducted during Construction. NA NA NA Design Input
Engineer and
Build (DEB)
Integrated

Note: See Matrix Legend for definition of column content
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Simulator
240 | Operate Activities will be conducted during Construction. NA NA NA Design Input
Simulator
High Level Waste System Interface
15.0 | Tank Farm The production sequences of emptying the tank farm has been studied in the past and have | NA NA NA Design Input
Blending indicated potential tank blending issuesregarding Np, U, Pu, and S. The current blend
strategy must be reviewed to determine if alternate blending strategies can reduce the 5 to
8x concentration spikes in these components or if the alpha removal requirements must be
modified to meet the Saltstone waste acceptance limits.
Additional blending studies will be conducted during Conceptual Design.
16.0 | Additiona While the tank farm waste has been characterized, additional characterization may be NA NA NA Design Input
Tank Farm required to define the range of expected compositions during facility operation.
Character-
ization Additional activitieswill be conducted during Preliminary Design.
17.0 | Glass The current waste qualification envelope is limited to 1 wt % TiO.. The use of MST and NA NA NA WSRC-TR-99-00245° 12
Titanium CST increases the Ti loading to as much as 5 wt %. Re-qualification is therefore required. WSRC-TR-99-00289°
oxing Additional gl odel devel ill begin during C al Des WSRCTR 99.00201
itional glass property mi levelopment will begin during Conceptual Design. WSRC TR-99-00293°
WSRC-TR-99-00384°
WSRC-TR-99-00323°
18.0 | Durability Initial data regarding the glass composition vs. durability correlation indicated that WSRC-TR-99-00384° Design Input
modification of this essential correlation isrequired. Theinitial parametric study
indicated that all the CST containing glasses produced resulted in leach rates exceeding
the 95% upper confidence interval of the existing correlation. Liquids and viscosity
correlations may required updating.
Durability and liquidus measurements made in FY 99 were on rapidly quenched glasses.
The durabilities were very good and there was no sign of unacceptably high liquidus
temperatures. Glass cooled more slowly at the center of a canister may form secondary
phases (the DWPF durability correlation is only valid for homogeneous glass.)
18.1  Perform canister centerline cooling tests for selected CST/sludge/frit Bench SRTC
glasses
19.0 | Feed The DWPF waste qualification envelope is based on maintaining the proper ratio of solids HLW-SDT—TTR»99-§5.O1 WSRC-TR-99-00244° 14, 28
Homogeneity | towater throughout the process. Testing must be conducted to ensure the current WSRC-RP-99-01115 WSRC-TR-99-00309°

agitation and sampling equipment in the DWPF is adequate.

Phase IV tests showed (1) as-received CST could be easily resuspended but did not form a
uniform slurry in aDWPF-scaled tank, (2) as-received CST with sludge and frit plugged
the Hydragard sampler, (3) size-reduced CST settled and compacted so that it was
extremely difficult to break up and resuspend, and (4) size-reduced CST with sludge and
frit was not representatively sampled (~12 % low in frit) by the Hydragard.

Note: See Matrix Legend for definition of column content
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19.1

19.2

19.3
19.4

195

19.6

Develop representative SRAT/SME sampling of CST/sludge/frit slurry

19.1.1 Determine cause for non-representative Hydragard sample of
CST/dudge/frit Slurry

19.1.2 Determineif uniformly size-reduced CST can be representatively
sampled by the Hydragard

Develop and test size reduction method

19.2.1 Consult with West Valley, Hanford K-Basin, UOP
19.2.2 Identify acceptable equipment and characteristics
19.2.3 Obtain equipment and perform testing

19.2.4 Determineif CST needsto be pretreated and |oaded
Evaluate on-line CST particle size analyzer (post-downsel ect)
Determine how to suspend CST in the DWPF

19.4.1 Determine CST loading of discarded IX dlurry

19.4.2 Develop relationship between wt% CST in slurry and SG of slurry
(bench-scale experiment)

19.4.3 Mockup CST storage tank using TFL 1/240" scale SME

19.4.4 Suspend/resuspend size-reduced CST so as to assure uniform
transfers

19.4.5 Resuspend and homogenize size-reduced and as-received CST;
considerations include:

Glass-compatible additive to prevent compaction or aid
dispersion

Agitator speed

Fluidic mixer

Sonics

Demonstrate ability to feed CST/dludge/frit durry to melter (post-
downselect)

19.5.1 Reconstruct the melter feed loop at the Thermal Fluids lab

19.5.2 Run tests sampling output of feed loop to demonstrate melter feed
is representative of feed tank contents

Determine the rheology of freshly prepared CST/dludge/frit slurries

19.6.1 Prepare CST/dudge/frit slurriesusing CST size-reduced to
< 177 mand CST size-reduced to < 25 mwith a sludge/frit slurry as
acontrol

19.6.2 Measureyield stress and consistency as a function of total wt %
solids

Bench

NA

Bench

Bench

Bench

Bench

SRTC

SRTC/

Vendor

SRTC
SRTC

SRTC

SRTC

20.0

DWPF
Sludge/CST
Coupled
Chemistry

Initial data indicated some foam formation during the DWPF feed preparation processes.
Investigation into alternative antifoamsis required. The impact on DWPF and tank farm
operations must be assessed.

Activities to be conducted during Conceptual Design.

NA

NA

NA

WSRC-TR-99-00277°
WSRC-TR-99-00302°

32,28

Note: See Matrix Legend for definition of column content
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250 | Sdtstone No identified scope. NA NA NA Design Input
Waste
Acceptance
Criteria
26.0 | Recycle No identified scope. NA NA NA Design Input
Treatment
27.0 | Feed Activities to be conducted during Final Design. NA NA NA Design Input
Blending
Refinement
28.0 | Waste Form Activities to be started during Conceptual Design. NA NA NA Design Input
Requalification

Note: See Matrix Legend for definition of column content
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NA

HLW-SDT-99-0354
Revision: 5
Matrix L egend

Corresponds to the block number on the Science and Technology Roadmap and Logic Diagrams; provides atie
between documents.

General title of the S& T block; corresponds to block title on the Science and Technology Roadmap and Logic
Diagrams.

Discusses the considerations pertinent to the completion and resolution of each item; provides details and numbered
R&D activities to be performed to resolve the item (numbered R& D activities correspond to numbered activities on
logic diagrams). Italicized text is extracted from previous CST roadmap HLW-SDT-980165 and reflects activities
previously completed or no longer required.

Defines the scale at which R& D test will be performed (Lab scale, bench scale, engineering scale or pilot scale).

| dentifies the organization responsible for conducting the R& D activity and hence location where activity will be
performed.

Lists the applicable Technical Task Requests (TTRs) denoted xxxx®; Task Technical and Quality Assurance Plans
(TTPs) denoted xxxx*and Test Reports (TRs) denoted xxxx® which respectively initiate, plan and document the
results of R&D activities.

Lists reference documents such as previous test results, reviews etc., which relate to the current R& D activity.

Provides a cross-tie to the cost validation matrix uncertainty statement Ids within the Decision Phase Final Report,
WSRC-RP-99-00007.

Not Applicable
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ATTACHMENT 3- CST Non-Elutable lon Exchange S& T Logic Diagrams (1 of 5)

DURABILITY (18.0)

18.1 Perform canister
centerline cooling tests

PAGE 1

MST SORPTION KINETICS
(1.0

4
From Alpha Removal Workscope
Matrix, HLW-SDT-00047

SOLUBILITY DATA (4.0)

4.0 Solubility Data

4.1 Determine H, & O,
Solubility as a function of
Temp., Na+, and Salt
Composition

Previous R&D

Evaluate Tests That
o be Verified with
l Re-Engineered Resin PHYSICAL PROPERTY

DATA (5.0)

5.0 Physical Property
Data

5.1 Understanding|
and prevention of
post precipitation

5.L.1 Determine How
to Dilute Waste
Solutions

5.1.2 Chemistry of

5.1.3 Desorption/

Resorption at Two Y
Temperatures, Kd

N
0es Re>
5..4 Characterize
Leached CST Samples impact
Results?,
5.2 Effect of
Carbonate, Oxalate 5.5 Waste/Simulant
& Poroxice on equilibrium studies
c
52.1 Sorption
Isotherms,
5.2.2 Coefficients for
ZAM Model

5.2.3 Kd Meas. with
different Anion Conc.

3 CST Capacity

53.1 Capacity Data at
Various Temperatures
and Salt Solutions

5.3.2 Comparison of

Nitrate Form and I
910

Page 16 of 20



HLW-SDT-99-0354

ATTACHMENT 3- CST Non-Elutable lon Exchange S& T Logic Diagrams (2 of 3)

and Equilibrium

2.0 Cs Removal Kinetics

2.1 Re-Engineer
Resin With UOP

—

2.1.1 Eliminate or
Remove Excess

Materials

—

2.1.2 Eliminate
Chloride or Change to

2.1.8 Finalize Re-

Nitrate Form

2.1.3 Eliminate or

Reduce Attrition

2.1.4 Reduce Lot to Lot

Variability

2.1.5 Pre-treatment of

Re-Engineered Resin

2.1.6 Improve Particle

Size Distribution

2.1.7 Consultation by

SNL

Engineered Resin Form

Does Re-

Engineered Form

Impact Chemical or
Thermal

2.4 Real Waste

Tests

Stability?

Continued on Page 3

®

Page 3

2.2 CST Chemical

Stability Issues

N

2.2.1 Long Term
Exposure

2.2.1.1 Long Term

Temperature Tests

2.2.1.2 Chemical
Stability During

Exposure

Pretreatment & Waste

2.2.1.3 Alternative Pre-
treatment Processes

2.2.1.4 Laboratory
Confirmation

Page 17 of 20
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2.4.1 Conduct Real
Waste Tests

Continued on Page 3

Revision: 5
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ATTACHMENT 3- CST Non-Elutable lon Exchange S& T Logic Diagrams (3 of 5)

Page 2

2.3 CST Thermal
Continued From Page 2 Stability Issues

2.3.1 Desorption/
Leaching Testing

Page 2

©

2.5 Re-Engineer

2.3.2 Determine Why
Cs Did Not Reload After
Temperature Drop

2.3.2.1 Desorption
Tests

Characterization

2.3.2.2 SNL and PNNL

4,‘

Second

Complete Criticality

CST With UOP

Studies

2.4.2 Run column

model on projected
waste compositions

Page 4
E

CST KINETICS (2.0)

Continued From Page 2

Revision: 5

PAGE 3

3.0 Radioactive Bench-
Scale lon Exchange
Column Studies

BENCH-SCALE IX STUDIES

(3.0)

3.1 Provide Better Understanding of
Large-Scale Col. Behavior to Guide
Design and Interpretation of Small
Column Tests

L 3.1.1 Improve Gas

Genereation Calcs

3.1.2 Define rate and
location of Bubble

Formation as Cs
Loading Progresses

3.1.3 Diffusion Rates

3.2.1 Method for

Macro Channels

Generating Bubbles in

3.2.2 Rate of Cs
Sorption W & W/o
Bubbles

3.2 Demonstrate and
Measure Effect of Internal

Page 4

Does Re-
Engineering Impact
Gas Generation
Issues ?

and External Bubbles on Cs
Sorption
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THERMOHYDRAULIC AND

8.0 Thermal and

% Hydraulic Properties TRANSPORT PROPERT' ES
| (8.0)

PAGE 4

8.1 Investigate
—{ Pre-Conceptual

Alt. IX Designs
8.1.1 Consultant 8.1.2 Evaluate
\—b Evaluate Prelim. Moving Bed

Designs Column Designs

ENGINEERING SCALE IX
COLUMN (11.0)

8.2 Improve
—|Current Fixed Bed
Design

8.2.1 Simplify Valving

8.2.2 Reduce
Complexity of Column
Changeout Activities

I
I
I
I
I
I
I
I
I
I
I
i
I
I
I
I
i
8.2.3 Alternative i
Column Configurations }
|

I

I

I

I

I

I

I

I

I

I

I

|

I

I

I

I

I

I

I

I

} Page 3 Page 2 Page 3

I

} 8.3 Investigate Concept.

| — Designs' Gas

} Disengagement Equip

| 8.3.1 Test Selected

} Designs

I

} 8.4 Measure Heat Transfer

} Characteristics of CST

| Column w/Gas Bubbles

I

. I o !
ANALYTICAL SAMPLE |

REQUIREMENTS (9.0) |

9.0 Analytical Sample
Requirements

ENGINEERING FILTRATION
STUDIES (6.0)

Sr, and Total Alpha

From Alpha Removal Workscope 4‘—@

Matrix, HLW-SDT-00047

|

|
I
I
I
|
|
|
}

9.1 Develop an At- |

Line Analyzer for Cs, i 5
I
I
I
|
|
]
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HLW-SDT-99-0354
Revision: 5

PAGE 5

19.0 DWPF

Waste

Qualification Feed
Homogeneity

L]

19.1 Develop
Representative

SRAT/SME

Sampling of CST/
Sludge /Frit Slurry

I

19.1.1 Cause of Non-
Representative
Hydragard Sample

19.2 Develop and

Test Size

Reduction Method

19.1.2 Uniformly Sized
CST Sampled
Representatively

1921 Consult With
West Valley, Etc,

19.2.2 1D Acceptable
Equipment and
Characteristics

-

19.2.3 Obtain
Equipment and Perform
Testing

!

19.2.4 Determine if
CST Needs to be
Pretreated & Loaded

19.4 Determine
How to Suspend
CST in DWPF

¥

19.3 Eval. On-line
CST Particle Size

Analyzer

Slurry

19.4.1 Determine CST
Loading of Discarded IX

19.4.2 Develop
Relationship Between
Wt% CST Slurry & SG
of Slurry

[

19.4.3 TFL 1/240th
Scale SME

FEED HOMOGENEITY (19.0)

Ly |

19.4.4 Demonstrate
Suspension/
Resuspension of Size-
Reduced CST

19.45 Resuspend and
Homogenize Size

Reduced & As-

Received CST

19.6 Determine
Rheology of CST/

Sludge/ Frit
Slurries

19.5 Demonstrate
Ability to Feed
CST/Sludge Frit
Slurry to Melter

19.5.1 Reconstruct
Melter Feed Loop at
TFL

=

19.6.1 Prepare Fresh

|
Slurries

19.6.2 Measure
Rheology as a function
of Total Solids

19.5.2 Demonstrate
Melter Feed is

Representative of Feed | 4

Tank Contents
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Use of Workscope M atrix

This Workscope Matrix has been developed to define the Science and Technology (S&T)
development activities to be performed during the Demonstration Phase. The guiding document
for this Workscope Matrix is the HLW Salt Disposition SE Team Science and Technology
Roadmap (Attachment 1). This S& T Roadmap is the first issuance of a S& T Roadmap for
Caustic-Side Solvent Extraction (CSSX) and provides the technology development path forward
towards successful deployment of the CSSX option. This matrix (Attachment 2) expands on the
roadmap by providing the high level details of each segment of research and development,
assigning responsibility for the execution of each segment and documenting the path through
each segment of R&D in the form of alogic diagram(s) (Attachment 3). The logic diagrams tie
to the S& T Roadmap using numbered key S& T decisions/milestones.

In this Demonstration phase, Scale-up will be performed wherever practical and advantageous to
the confirmation of technology and application of technology to the full-size facility. The
Workscope Matrix provides an additional definition of the scale which the S& T development is
to be conducted.

The Scope of Work Matrices (SOWMs) provide a more detailed description of the work
summarized in the roadmaps and logic diagrams. These SOWMs were previously used to
identify R&D work required to reach a technology downselection decision. Some work also is
included in these SOWMs that has been identified as appropriate post-downselection R&D.
However, no attempt has been made to compile a comprehensive list of all post-downselection
R& D in these documents. Additional R&D planning will be required to support future stages of
the project, e.g. conceptual design, pilot plant design and operation, final design, and startup
support.
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ATTACHMENT 1 - Science and Technology Roadmap

SCIENCE AND TECHNOLOGY ROADMAP FOR CAUSTIC-SIDE SOLVENT EXTRACTION CESIUM REMOVAL PROCESS

PRE-CONCEPTUAL/CONCEPTUAL DESIGN ‘ ‘ PRELIMINARY DESIGN ‘ ‘ FINAL DESIGN ‘

‘ ‘ \ CONSTRUCTION PHASE
H 'y H A

»

PROCESS ENGINEERING

Filtration Tech.
Mixing Tech.

7.0 Eng. Scale Filtration
Studies (Alpha Removal]

Engineering Scale
& Property Data

8.0 Eng. Scale Mixing
Studies (Alpha Removal)

Technology Downselection
Conceptual Design Data
Performance Data

12.0 Engineering Scale

3 Extraction w/
’ Centrifugal Contactors

9.0 Thermohydraulic
& Transport Props

20.0 Instrumentation

10.0 Analytical
Sample Requirements|

3.0 Bench Scale Ext.
PROCESS CHEMISTRY Studies

[y

5.0 Solvent Physical/
Chem. Property Data
2.0 Extraction Kinetics Kinetic Data

4.0 Stal of
Solvent Matrix
1.0 MST Sorption
Kinetics KEY S&T DECISIONS/MILESTONES

6.0 Tech. Tran. of Ext. N
Component Synthesis|

13.0 *DEB Integrated 6 14.0 Operate Pilot 15.0 Operate Pilot 21.0 DEB Integrated 22.0 Operate
Pilot Facility 4 Fac. Unit Ops Mode *| Fac. Integrated Mode Simulator Simulator
11.0 Control

Strategy

23.0 Methods
Development

Bench
Scale
Perform.
Data

Select Filtration Technology
Select Mixing Technology

Decision for Engineering Scale Solv. Extraction Study
HLW SYSTEM INTERFACES

18.0 DWPF
Coupled Chemistry

Technology Downselection

Assurance to Proceed with Pilot

Conceptual Design Report

Confirmation of Performance Data

24.0 Saltstone Waste
Acceptance Crit.

Acceptance Waste Form.

16.0 Tank Farm J 25.0 Recycle 17.0 Additional Tank 26.0 Feed Blending
Blending gl Treatment Farm Char. Refinement

Assurance to Proceed with Construction

€009 9 9. 9.0 0

*DEB = Design, Engineer, and Build
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ATTACHMENT 2 — Caustic-Side Solvent Extraction Work Scope Matrix
Item | Item Considerations Scale L ocation Path Forward Doc. Reference Doc. Uncertainty
No.
Process Chemistry
1.0 MST The addition of Monosodium Titanate (MST) has been proposed to sorb the soluble U, Pu,
Sorption and S contained in the waste stream. The rate and equilibriumloading of these
Kinetics components as a function of temperature, ionic strength and mixing is required to support
the batch reactor design. Initial data from batch reactor data indicates the MST kinetics
require more than the 24 hrs assumed in pre-conceptual design resulting in larger reactor
batch volumes. Studies will be conducted to determine if the MST strike could be
completed in the existing SRSwaste tanks. Alternativesto MST will be investigated.
MST sorption kinetics experiments have been performed at 7.5 M and 4.5 M Nat. Inthe
current flowsheet, the Alpha Sorption step for CST would be performed at 5.6 M Nat+.
Also, questions have been raised regarding the oxidation states of Pu (initial, asafunction
of ionic strength, and equilibrium as Pu is sorbed onto MST) and the effect of oxidation
states on M ST sorption rates. Since Pu is the primary source of apha, it isimportant to
assure that experimental results obtained with simulants are representative of performance
with rea waste.
Activities to resolve these issues are common to CST, TPB and CSSX, Refer to Alpha
Removal Workscope Matrix (HLW-SDT-2000-00047) for further details.
2.0 Extraction Extraction kinetics have been previously studied. No additiona investigations of the | NA NA NA WSRC-TR-98-000368° Design Input
Kinetics extraction kinetics are planned at thistime. ANL Report # 1, 10/98°
ORNL FY 98 Report®
3.0 Bench Scale | Run centrifugal contactor test with 32-stage bank of 2 cm contactors housed in glovebox HLW-SDT-TTI'\’Z—ZOOOOl1 WSRC-TR-98-000368° 1,4,26
Extraction at ANL using solvent and waste simulant. Goal is to show that DF of 40,000 and CF of ORNL-CASD-2 ANL Report # 1, 10/98°
Studies 12 can be simultaneously achieved. The following was completed in FY 99: devel oped the ANL-1 ORNL FY98 Report®
optimum solvent formulation for the test (ORNL); conducted |ab-scale batch-equilibrium HLW-SDT-TTR-ZOOQO?
tests of flowsheet with waste simulant at 15, 25, and 45° C (ORNL); and constructed the W$g§§'§$ggggz
flowsheet for the 2 cm centrifugal contactor test (ANL). T
HLW-SDT-TTR-2000-03"
ORNL-CTD-2?
31 Test flowsheet on waste simulant in 2 cm centrifugal contactors HLW-SZDT-TTR-2000061
3.1.1 Demonstrate stage efficiency to >80% Bench ANL ANL-1 "
) ORNL-CASD-2
3111 Modify Contactors Bench ANL ORNL-CTD-12
3112  Test multiple contactors to demonstrate stage efficiency | Bench ANL HLW-SDT-TTR-2000-07*
2
3.1.13 Demonstrate stage efficiency with 5 cm contactors Bench ORNL ORNL-CASD-1 |
3.1.2 Add contactor stages (increase from 24 to 32) Bench ANL HLW-SDT-TTR-2000-10
3.1.3 Solvent Preparation
3131 QA of solution performance in batch tests Bench ORNL

Note: See Matrix Legend for definition of column content
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Revision: 4
Item | Item Considerations Scale L ocation Path Forward Doc. Reference Doc. Uncertainty
No.
3132 Anayzesolventsby ESMSand NMR Bench ORNL
314 Perform contactor test with 3-4x recycle
3141  Confirm performance of solvent Bench ANL
3142  Analyzerecycled solvent taken from strip effluent Bench ORNL
32 Test Flowsheet with Optimum solvent formulation
321 Develop optimum solvent formulation for test (based on stability
data)
3.2.2 Conduct lab-scale batch-equilibrium test of flowsheet with waste Lab ORNL
simulant
3221  Atconstant 25°C
3222  Atvariable temperature
3.23 Construct flowsheet for 2 cm centrifugal contactor test
3231  Define temperature controls, if hecessary
324 Test flowsheet on waste simulant in 2cm centrifugal contactors Bench ANL
(see3.1)
3241  Solvent Preparation
3.24.1.1 QA of solution performance in batch tests
3.24.1.2 Analyze solventsby ES-MS and NMR
3.24.2  Perform contactor test with 5 day recycle
3.24.21 Confirm performance of solvent; monitor
decontamination factors (DFs) and
concentration factors (CFs); monitor
hydraulic performance
3.24.2.2 Analyzerecycled solvent taken from strip
effluent; look for degradation products and
polymer formation
3.24.2.3 Look for trace component buildup
3243  Solvent Cleanup
3.24.31 Evauate clean-up procedures
3.24.3.2 Clean-up solvent as necessary
3.244  Perform second 5-day recycle test (post-downselect)
3.25 Solvent recovery demonstration Bench ANL
3251  Useprocedures developed from 4.3.2
3.2.6 Conduct lab-scale batch-equilibrium test of flowsheet with actual Bench ANL
SRS waste and compare performance with waste simulant (latter
from 3.2.2)
326.1  Atconstant 25°C
3.26.2  Atvariabletemperature

Note: See Matrix Legend for definition of column content
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Item | Item Considerations Scale L ocation Path Forward Doc. Reference Doc. Uncertainty

No.

3.2.6.3  Option: compare use of rea waste that has been treated
(e.g., with MST) to remove actinides with waste that
has not been treated; examine distribution behavior of
actinides and determine if they could build-up in
solvent
3.2.7 Construct flowsheet for 2 cm centrifugal contactor test Bench ANL
3.2.8 Test flowsheet on real waste in 2 cm centrifugal contactors Bench SRTC
3281  Solvent Preparation for contactor test
3.28.1.1 Analyze/characterize pristine solvent
3.28.1.2 QA of solvent performance in batch tests
with real waste
3.28.2  Perform contactor test on real waste with 2-day recycle
3.28.21 Confirm performance of solvent (using
distribution coefficient test); monitor DF
and CF; monitor hydraulic performance
3.2.8.2.2 Analyzerecycled solvent taken from strip
effluent; look for degradation products and
polymer formation
3.2.8.2.3 Look for trace component buildup
3.28.24 Evauate Tc-99 behavior (post-downselect)
3.2.8.25 Confirm hydrodynamic stability
3283  Solvent Cleanup (if required)
329 Solvent recovery demonstration using procedures developed from Bench SRTC
325
3.2.10 If required, demonstrate real waste extraction and stripping using TBD SRTC
larger contactors (post-downselect)

4.0 Stability of Solvent stability (chemical and radiological) is not completely understood. The HLW-SDT-TTR—ZOOQOZ1 ANL Report #1, 10/98° 1,323
Solvent degradation products could impact the extraction capabilities of the solvent matrix. These WSRC-RP-2000-285 WSRC-TR-98-003713
Matrix degradation products need to beidentified. The ability to remove this degradation HLW-SDT-TTR-2000-03" | HLW-SDT-99-0283°

products from the solvent matrix may be required for this process to operate efficiently. ORNL-CTD-2? " ORNL FY 98 Report®
The stability of the solvent, and the ability to clean it up to prolong its useful lifetime, will ORNL-CASD-2 ORNL/TM-1999/209°
be investigated. HLW-SDT-TTR-2000-04"
ORNL-CASD-2?
41  Evauateradiolytic and chemical stability of solvent Lab gsg‘ L/ g;‘gfg;;{f-zomosl
411 Externa radiation (Co-60) with the following variables:

* Modifier akyl group structure

* Diluent structure

* Aqueous phase composition

* Temperature and mixing

4111  ldentify solvent degradation products (at each agueous

Note: See Matrix Legend for definition of column content
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Item | Item Considerations Scale L ocation Path Forward Doc. Reference Doc. Uncertainty
No.
phase composition/section of flowsheet)
4112  Identify relationships between degree of degradation
and agueous phase and solvent phase compositions (do
noble metals enhance/catalyze degradation?)
4113  Evauateimpact of solvent degradation products on
solvent performance (use a standard distribution
coefficient test to guide efforts)
4.1.1.3.1 Determine Trioctylamine (TOA) purity
requirements
4114 Investigate partitioning behavior of solvent degradation
products
4115 Investigate solvent washing and reconstitution
4116 Investigate the removal of organic anions
412  Batch-equilibrium hot cell testswith SRS high activity waste HotCell | ORNL/
(internal Cs-137 dose) with following variables: SRS
* Modifier akyl group structure
* Diluent structure
* Temperature and mixing
4121  ldentify solvent degradation products, crud formation,
emulsions
4122  Impact of noble metals on degradation
. . ) Bench ORNL
4.1.3 Threesingle-stage 5 cm closed loop contactor tests, simulating the
strip, extraction, and scrub stages with the following variables:
* high activity Cs-137 waste simulant
* scrub solution
4131 Identify solvent degradation products and crud
formation, emulsions
4132  Evauateimpact of solvent degradation products on
solvent performance
4133 Investigate partitioning behavior of solvent degradation
products
4134  Determine theimpact of the degradation products on
the stage efficiency and hydraulic performance of the
contactors
4135 Investigate solvent washing and reconstitution Lab ORNL
414 Chemical stability in the absence of radiation
4141  Nitration of solvent matrix (post-downselect)
4142  Effect of noble metals Bench ORNL
415 Conduct four stage 5 cm contactor test to determine stage
efficiencies Lab ORNL

Note: See Matrix Legend for definition of column content
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Item | Item Considerations Scale L ocation Path Forward Doc. Reference Doc. Uncertainty
No.
42 Evaluate methods (e.g., HPLC-MS, ES-MS, NMR, distribution behavior,
etc.) to ascertain solvent quality
421 Baseline (pristine solvent) quality assay
422  In-process monitoring
4.2.3  Post-process monitoring (solvent meets disposa criteria)
4.3 Develop solvent recovery process from raffinate and determine recovery
rate Bench ANL
431 Conduct 4-cm contactor test at ANL (cold) with diluent and
aqueous effluent recycle Lab ORNL
4311  Develop methods to isolate useful solvent components
(vac distill diluent; chromatography to recover calix) Bench ANL
432 Conduct larger scale solvent recovery process to measure rate and
economics of solvent loss (worked in conjunction with 3.2.5)
(post-downsel ect) Lab ORNL
44 Establish limits for solvent component balance and degradation
441 Measuredistribution ratios for Cs, K, and key feed components,
and phase-coalescence behavior for all sections of the flowsheet
for the following components:
44.1.1  TOA (concentration bracket range from baseline +5%
to -50%)
44.1.2  Modifier (concentration bracket range from baseline
+10% to —25%)
4413  Cdixarene (concentration bracket range from baseline
+5% to —10%)
4.4.2  Identify methods for monitoring solvent composition over these
ranges
5.0 Solvent Physical and chemical property data for the solvent matrix must be determined. Better HLW-SDT-TTR—ZOOQOZ1 ANL Report #1, 10/98° | 1
Physical/ understanding of process equilibrium and chemistry fundamentals such as the distribution WSRC-RP-2000-285 HLW-SDT-99-0283°
Chemical and impact of minor components, and the solubility behavior of components and HLW-SDT-TTR-2000-04" | ORNL FY 98 Report®
Property degradation products as a function of temperature must be determined. Experiments will ORNL-CASD-222 ORNL/TM-1999/209°
Data be conducted to determine this information. ORNL-CTD-1
51 Solubility and partitioning behavior as a function of temperature and Lab ORNL
agueous phase composition
511 Primary solvent components
5.1.2 Primary degradation products (e.g., phenols, productsidentified in
4.0)
5.1.3 Inorganic cations (e.g., Al, Na, K, other trace metals and noble
metals) (Includes catalytic decomposition)
5.14 Inorganic anions (e.g., halides, nitrate, nitrite, chromate)
5.1.5 Partitioning behavior of lipophilic anions; ways to prevent build-

Note: See Matrix Legend for definition of column content
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Item | Item Considerations Scale L ocation Path Forward Doc. Reference Doc. Uncertainty
No.
up in solvent
5.1.6 Determine partitioning behavior of components using real waste
5.1.7 Batch contact with Cs-137 spike Lab ORNL
5.2 Evaluate the effect of major and minor components that are expected to be
present in actual waste
521 Partitioning behavior of organics (e.g., surfactants, TBP
degradation products) in waste
5.2.2  Partitioning behavior of other inorganics (heavy metals; chromate,
€etc.)
5.2.3  Effect of organics on extraction behavior
5.2.4 Effect of minor components on distribution behavior
NA ORNL
53 Equilibrium Modeling of distribution behavior
5.3.1 Investigate extraction equilibria throughout the sections (ex, scrub,
strip) of the flowsheet
5311  Co-extraction of K
5312  Formation of aggregates
5.3.2 Develop model to help predict performance as a function of
variation of major componentsin the waste feed solutions. Lab ORNL/
54 Performance behavior as afunction of feed composition variability (note, SRS
will be performed here with simulants, and in item 12.0 with real waste)
54.1 For concentration range of key species (e.g., K) expected in SRS
HLW tanks, monitor solvent and centrifugal contactor
performance with simulants as a function of:
5411  Temperature
54.1.2  Solvent component concentration
54.1.3  Suspended solidsin feed
6.0 Technology Need to establish that solvent components (calixarene-crown ether and modifier) can be NA ORNL HLW-SDT-TTI'\’Z—ZOOOOS1 ORNL FY98 Report® 9,22
Transfer of produced commercially at the required scale and purity. Synthetic procedures developed ORNL-CASD-1
Component a ORNL need to be refined for scale-up, and made ready for tech transfer to suitable ORNL-CASD-3
Synthesis companies for production. The technology transfer scope will be initiated in FY 00 and be

completed in FYO1.

6.1

Calixarene Synthesis and Scale-up

6.1.1 Placeorder to IBC Advanced Technologies for ca. 200-500g
quantity to meet short-term needs.

6.1.2 Complete improved synthetic procedure.
6.1.21  Optimize synthesis

6.1.2.2  Write-up procedure for technology transfer; determine
if technology is patentable (if so file patent application

Note: See Matrix Legend for definition of column content
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Item
No.

Item

Considerations

Scale

L ocation

Path Forward Doc.

Reference Doc.

Uncertainty

6.2.1

6.2.2

6.2.3

6.3.1
6.3.2

6.1.3.1
6.1.3.2

6.1.3.3
6.1.34

6.1.35

6.1.3.6

in US; foreign?)

6.1.3 Technology transfer of Synthesis Procedure for Calix

Identify potential calixarene producers

L egal issues/Obtain non-disclosure agreements as
necessary

Develop QA requirements and production specification

Obtain quotations on bulk manufacture; select
producer(s)

Place order for multi-kg quantity from selected
producer(s)

Check purity; estimate large-scal e production cost

6.2 2" Generation Modifier Synthesis and Scale-up

Optimize synthesis procedure for scale-up for 2™ Gen modifier

family
6.2.1.1
6.2.1.2

6.2.1.3

Improve purification procedure and economics

Synthesize 2-5 kg quantity of preferred modifier family
member at ORNL to meet short-term needs

Obtain proprietary MSDS from ORNL for modifier
shipment to ANL

Intellectual Property |ssues

6.2.2.1

6.2.2.2

Update invention disclosure; DOE files US patent
applic. on 2™ Gen family

Determineif foreign filing is appropriate

Technology transfer of Synthesis Procedure for 2™ Generation

Modifiers

6.2.3.1
6.2.3.2

6.2.3.3
6.23.4

6.2.3.5

6.2.3.6

Identify potential modifier producers

L egal issues/Obtain non-disclosure agreements as
necessary

Develop QA requirements and production specification

Obtain quotations on bulk manufacture; select
producer(s) (post-downselect)

Place order for multi-kg quantity from selected
producer(s) (post-downselect)

Check purity; estimate large-scal e production cost
(post-downsel ect)

6.3 Solvent Formulation

Identify Trioctylamine (TOA) suppliers

Identify scope of acceptable diluents (are there suitable substitutes
for ExxonMohil’s Isopar® L?)

Note: See Matrix Legend for definition of column content
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Item | Item Considerations Scale L ocation Path Forward Doc. Reference Doc. Uncertainty
No.
6.3.3 Identify solvent compositional requirements/tolerances/QA
6.34 Finalize solvent formulation and specifications
Process Engineering
7.0 Engineering Filtration of MST and sludge is required to prevent the build up of solids in contactors.
scale Initial data indicates low flux rates for the filtration of these solutions requiring large
filtration filter areas and high axial velocity for cross flow filtration techniques. Alternative
studies filtration techniques and filter aides will be studied, and a selection made. Filtration
(Alpha cleaning studies including the impact of spent cleaning solution will be studied.
Removal
) Tests for MST/sludge filtration (Alpha Sorption step) performed during Phase IV (FY 99)
indicate low crossflow filter fluxes leading to very large filters. Improvement in filter size
and operation is desired.
Activities to resolve these issues are common to CST, TPB and CSSX, Refer to Alpha
Removal Workscope Matrix (HLW-SDT-2000-00047) for further details.
8.0 Engineering | Asnoted in the kinetic section above good reactor mixing is essential to proper alpha NA NA NA 27
Scale Mixing | decontamination batch reactor sizing. Smple mixing by agitation or recirculation may not
Studies be adequate. Alternate mixing technologieswill be studied. Resuspension criteria must be
(Alpha developed.
Removal) - .
(Preliminary Design Scope)
9.0 Thermo- No issues have been identified at present that will require experimental validation in this | NA NA NA Design Input
hydraulic area.
and
Transport Identified Item will be completed during conceptual design
Properties
10.0 | Analytica The analytical sample requirements including on-line analysis must be developed to
Sample Regs | support control strategy devel opment.
Develop an at line analyzer for Cs, Sr, and total apha
Activities to resolve these issues are common to CST, TPB and CSEX, Refer to Alpha
Removal Workscope Matrix (HLW-SDT-2000-00047) for further details.
11.0 | Control Control Strategy must be developed to support the designing, engineering, and building of | NA NA NA Design Input
Strategy the pilot facility.
Pilot Plant Conceptual Design will be conducted post downselect
12.0 | Engineering Demonstrate viability of SX for achieving desired DF and CF, that is, adequate NA NA NA ANL Report #2,10/98° | 26
Scale performance in the extraction and strip sections of the process with solvent recycle. ANL Report # 1, 10/98°
Extraction Hydrodynamics; single-stage efficiency; other-phase carry-over; multi-stage single cycle; ORNL FY98 Report®
with multi-stage multi cycle.

Note: See Matrix Legend for definition of column content
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Item | Item Considerations Scale L ocation Path Forward Doc. Reference Doc. Uncertainty
No.
Centrifugal
Contactors Demonstrate viability of SX for achieving desired DF and CF, that is, adequate
performance in the extraction and strip sections of the process with solvent recycle, with
real SRS HLW. Hydrodynamics; single-stage efficiency; other-phase carry-over; multi-
stage single cycle; multi-stage multi cycle. Where contactor test will be performed is to
be determined.
Need to determine the impact of items 4.0 and 5.0 on process flowsheet for longer
contactor test and the sensitivity of the process flowsheet to “ process upsets.”
13.0 | Design, A pilot scale (to be determined) facility will be built to support the confirmation of design NA NA NA Design Input
Engineer data and devel opment of operator training.
and Build ) - . . . . .
(DEB) the Pilot Facility Conceptual Design will be conducted in parallel with afinal technology
Pilot Facility selection. Pilot Facility design will be conducted on the selected technology.
14.0 | Operation of | The pilot facility testing will include a phase of single unit operations to confirm bench NA NA NA Design Input
the Pilot scale property data, operational parameters and proof of concept component testing.
Facility ina
Unit Pilot Facility Conceptual Design will be conducted in parallel with afinal technology
Operations selection. Pilot Facility design will be conducted on the selected technology.
Mode
15.0 | Operation of The pilot facility testing will include a phase of integrated operationsto ensurethe design | ya NA NA Design Input
the Pilot will operate under upset conditions, determine the limits of operation to dictate recovery,
Facility in an the limits of feed composition variability, and confirm design assumptions. Investigation
Integrated of the operating characteristics while varying the vel ocity, temperature and waste
Operations composition will be conducted. This testing will aid in operator training and simulator
Mode development, which in accordance with the overall project roadmap is completed during
the construction phase of the project.
20.0 | Instrument- See 13.0 NA NA NA Design Input
ation
21.0 | Design, To be developed during the construction phase of the project. NA NA NA Design Input
Engineer and
Build (DEB)
Integrated
Simulator
22.0 | Operate To be developed during the construction phase of the project. NA NA NA Design Input
Simulator
23.0 | Methods To be developed during Conceptual Design. NA NA NA Design Input
Development
High Level Waste System Interface
16.0 | Tank Farm Need to determine whether chemical and radiolytic degradation products that wash into ORNL FY98 Report® 1
Blending the raffinate and scrub solutions meet the Saltstone Waste Acceptance Criteria. (Decision

diamond.) Also need to determineif “spent” solvent can be incinerated, and whether it

Note: See Matrix Legend for definition of column content
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Item | Item Considerations Scale L ocation Path Forward Doc. Reference Doc. Uncertainty
No.
meets the CIF Waste Acceptance Criteria.
16.1  Determine whether strip effluent meets DWPF feed requirements (This
work performed under Section 3.1) NA SRS
16.1.1 Cs concentration factor adequate?
16.1.2 Concentration of other speciesin strip effluent acceptable?
16.2  Determine whether raffinate meets Saltstone Facility WAC
16.2.1 Solvent componentsin raffinate SRS
16.2.2 Solvent degradation products in raffinate ORNL
16.3  Determine whether spent solvent meets CIF WAC (post-downselect) SRS
17.0 | Additiona While the tank farm waste has been characterized, additional characterization may be NA NA NA 4
Tank Farm required to define the range of expected compositions during facility operation.
Characterizat
ion Waste characterization activities have begun.
18.0 | DWPF No needs identified at thistime NA NA NA Design Input
Coupled
Chemistry
19.0 | Waste Form No needs identified at thistime NA NA NA Design Input
Requal-
ification
240 | Sdtstone No needs identified at thistime NA NA NA Design Input
Waste
Acceptance
Criteria
25.0 | Recycle No needs identified at thistime NA NA NA Design Input
Treatment
26.0 | Feed See 17.0, additional activities will be developed during PreliminaryDesign. NA NA NA Design Input
Blending
Refinement

Note: See Matrix Legend for definition of column content
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Item

Considerations

Scale

Lead Org.

Path Forward Doc.

Reference Doc.

Uncertainty

NA

HLW-SDT-2000-00051
Revision: 4
Matrix Legend

Corresponds to the block number on the Science and Technology Roadmap and L ogic Diagrams; provides atie
between documents.

General title of the S& T block; corresponds to block title on the Science and Technology Roadmap and Logic
Diagrams.

Discusses the considerations pertinent to the completion and resolution of each item; provides details and numbered
R&D activities to be performed to resolve the item (numbered R& D activities correspond to numbered activities on
logic diagrams).

Defines the scale at which R& D test will be performed (Lab scale, bench scale, engineering scale or pilot scale).

| dentifies the organization responsible for conducting the R& D activity and hence location where activity will be
performed.

Lists the applicable Technical Task Requests (TTRs) denoted xxxx*; Task Technical and Quality Assurance Plans
(TTPs) denoted xxxx? and Test Reports (TRs) denoted xxxx® which respectively initiate, plan and document the
results of R&D activities.

Lists reference documents such as previous test results, reviews etc., which relate to the current R& D activity.

Provides a cross-tie to the cost validation matrix uncertainty statement Ids within the Decision Phase Final Report,
WSRC-RP-99-00007.

Not Applicable
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ATTACHMENT 3- Caustic-Side Solvent Extraction S& T Logic Diagrams (1 of 7)

MST ADSORPTION
KINETICS (1.0)

From Alpha Removal Workscope Matrix,
HLW-SDT-00047 E——

4.0 Stability of Solvent
atrix

4.1Evaluate radiolytic an
[w|  chemical stabity of
solvent

[l 4.1.1External radiation

4.1.1.11dentify solvent
ucts

4.1.1.3 Evaluate impact

of solvent degradation
products on solvent

4.1.1.2Identify
relationship between
degree of degradation &
aqueous phase & solvent
phase compositions

performance

4.1.2Batch-equilibrium
f—=| hot cell tests with HAW
(internal Cs137 dose)

4.1.2.11dentify solvent
degradation products,

metals on degradation

4.1.4Chemical stability irf
the absence of radiation

crud formations, | "
emulsions
4.1.2.2Impact of noble

4.1.1.4 Investigate
partitioning behavior of
solvent degradation
products

4.1.15 Investigate

STABILITY OF SOLVENT
MATRIX (4.0)

solvent washing and
reconsititution

purity requirements

4.1.1.3.1 Determine TOA|

4.1.4.1Nitration of solvent

atrix

4.1.1.6 Investigate the

removal of organic ions

4.1.4.2Effect of noble
metals

4.1.5 Four Stage Test

4.1.3 Three single stage:
closed loop 5 cm
contactor tests

B

Page 2

Continued on Page 2

4.1.3.1 Identify solvent
degradation & crud [
formations, emulsions.

4.1.3.2 Evaluate impact [—|

4.1.3.3 Investiage 4.1.3.4 Determine impac
partitioning behavior of degradation products

—

4.1.3.5 Solvent
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Continued from Page 1
Page 1
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ATTACHMENT 2 - Caustic-Side Solvent Extraction S& T Logic Diagrams (2 of 7)

4.2 Evaluate methods to
ascertain solvent quality

4.2.1 Baseline (pristine
solvent) quality assay

4.2.2 In-process

monitoring

STABILITY OF SOLVENT

(Continued from Page 1)

4.2.3 Post-process

monitoring

4.3 Develop solvent
recovery process from
raffinate and determine

recovery rate

4.3.1 Conduct 4 cm
contactor test at ANL
(cold) with dilute &
aqueous effluent recycle|

4.4 Establish limits for
solvent component balanc
and degradation

4.4.1 Measure distribution|
ratios for Cs, K & key feed|
components & phase-

HLW-SDT-2000-00051

Revision: 4

coalesence behavior for all
sections of the flowsheet

4.4.2 |dentify methods for|
monitoring solvent

composition over these

ranges

4411 TOA

4.3.1.1 Develop method tq
isolate useful sovlent

components

4.4.1.2 Modifier

| 4.4.1.3 Calixarene

w

Page 17 of 22



HLW-SDT-2000-00051
Revision: 4
ATTACHMENT 3- Caustic-Side Solvent Extraction S& T Logic Diagrams (3 of 7)

Page 6

® PAGE 3

SOLVENT PHYSICAL/
CHEMICAL PROPERTY
DATA (5.0)

5.0 Physical Property
Data

5.1 Solubility and
partitioning behavior

—» 5.11 Primary solvent | —m
components

|—»| 5.1.2 Primary degradation
products

5.1.3 Inorganic cations |l

5.1.4 Inorganic anions 1

5.4 Performance behavior
—| asafunciton of feed
composition variability

5.3 Equilibrium modeling of
distribution behavior

5.1.5 Partitioning behavior
—

* ™ of lipophilic anions
5.3.2 Develop model to
5.3.1 Investigate extraction help predict performance
5.4.1 Solvent equilibrium throughout the as a function of major
with simulants flowsheet componenets in the waste
5.1.6 Determine
feed solutions
partitioning behavior using ||
W
™ 5411 Temperawre [—>| 5.3.1.1 Co-extraction of K |—»|
5.1.7 Batch contact with
Cs-137 spike
o|5.4.1.2 Solvent component || 5.3.1.2 Formation of
concentration agregates —
5.2 Evaluate the effect of
L " majorand minor .| 5.4.1.3 Suspended solids | —»J

components in actual waste

[—=1 5.2.1 Partitioning behavior 5.2.3 Effect of organics on [—w
of organics extraction behavior

5.2.4 Effect of minor
components on distribution
behavior

5.2.2 Partitioning behavior
of other inorganics
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ATTACHMENT 3- Caustic-Side Solvent Extraction S& T Logic Diagrams (4 of 7)

PAGE 4 4

6.0 Technology
transfer of

component synthesig

—

6.1 Calixarene
synthesis and scale-
up

6.1.1 Place order to
IBC Advanced

TECHNOLOGY
TRANSFER OF
COMPONENT SYNTHESIS
(6.0)

Technologies

6.1.2 Complete
improved synthesis

6.1.3 Technology

procedure

Transfer of Syntt
Procedure for Calix

6.1.2.1 Optimize
synthesis

6.

modifier synthesis an

.2 2nd generation

scale-up

®
Page 5
Continued on Page 5

6.2.1 Optimize

[ .| synthesis procedure
for scale-up for 2nd
generation modifier

R 6.2.1.2 ORNL
synthesize 2-5 kg

6.1.2.2 Write
procedure for [
technology transfer
[

6.1.3.1 Identify
potential calixarene

producers

6.1.3.2 Legal issues

6.1.3.4 Obtain quoteq
and select producer(s)

6.1.3.5 Place order
for multi-kg quantity [—* 6.1.3.6 Check purity

6.1.3.3 Develop QA
Requirements

6.2.1.1 Improve
Purification Procedur
and economics

e

6.2.1.3 Obtain
L/ proprietary MSDS for
ORNL for modifier

6.2.2 Intellectual
e
property issues

6.2.2.1 Update
invention disclosure

6.2.2.2 Determine if

appropriate

foreign filing is |

6.2.3 Technology
transfer of synthesis
procedure for 2nd
generation modifiers

]

Page 19 of 22

L. 6231 identify |,
potential producers
B 6.2.3.4 Obtain quoteg 6.2.3.5 Place order
6.2.3.2 Legal issues and select producer)) ] for multi-kg quantty || 6236 Check purity
6.2.3.3 Develop QA F
Requirements [ ™ Page5
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ATTACHMENT 3 - Caustic-Side Solvent Extraction S& T Logic Diagrams (5 of 7)

PAGE 5

Continued from Page 4 Continued from Page 4

Page 4 F

TECHNOLOGY
TRANSFER OF
COMPONENT SYNTHESIS

6.3 Solvent formulations
(6.0)

Page 4

6.3.1 Identify TOA  [—
suppliers

: (Continued from Page 4)
|

. 6.3.4 Finalize solvent
6.3.2 Identify scope of formulation and
acceptable diluents specifications

6.3.3 Identify solvent
compositional
requirements/ tolerances /

A

=

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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ATTACHMENT 3- Caustic-Side Solvent Extraction S& T Logic Diagrams (6 of 7)

| BENCH SCALE
(©)———{ Smuantn > e g EXTRACTION STUDIES
| contactors
Page 3 (30)

3.1.1 Demonstrate stage
efficiency of >80%

3.1.4 Perform contactor tests

—» 3.1.1.1 Modify contactors —m

of solvent

3.1.1.2 Test multiple
— contactors to demonstrate —#
stage efficiency

3.1.4.2 Analyze recycled
solvent taken from strip
effluent

3.1.1.3 Demonstrate stage }
- efficiency with 5 cm —! @

contactors

Page 7

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|
I
I
I
I
I
I
I
I
I
I
I
|
|
} 3.1.4.1 Confirm performance
I
|
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|
I
I
I
I
I
I
I
I
I
I
I
I

3.1.2 Add contactor stages

3.1.3 Solvent preparation

3.1.3.1 QA of solution
performance batch tests

3.1.3.2 Analyze solvents by
ES-MS and NMR

Continued on Page 7 Continued on Page 7
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ATTACHMENT 3- Caustic-Side Solvent Extraction S& T Logic Diagrams (7 of 7)

Continued from Page 6

3.2 Test flowsheet
with optimum
solvent formulation

3.2.2 Conduct lab-

L

formulations for test flowsheet with

321 Develop scale batch
optimum solvent || equilibrium test of

3.2.3 Construct
flowsheet for 2 cm

waste simulant

3221 At25°C

temperature

3.2.6 Condcut lab- This
scale batch equilibrium Page
|| testwith actual SRS

3.2.2.2 Atvariable | |

centrifugal
contactor test

3.2.4 Test
flowsheet on waste

simulantin 2 cm
centrifual contactors

3.2.4.3 Solvent
cleanup

Revision: 4

PAGE 7

BENCH SCALE
EXTRACTION STUDIES

(Continued from Page 6)

3231 Define
temperature 32.4.1 Solvent
controls, if preparation for
necessary contactor test
32411 QAof
solvent
in
batch tests 3.2.4.2 Perform 2
cm contactor test
with 5-day recycle
3.2.41.2 Analyze
solvent /
i in
characterize pristine 32421 Contrm

3.2.7 Construct
flowsheet for 2 cm

waste & compare with
simulant tests

3.2.6.1 At constant
259C

3.2.6.2 Atvariable
temperature

3.2.6.30ption

centrifugal
contactor test

L on real waste in 2 cm

3.2.8 Test flowsheet

centrifugal contactors

3.2.8.1 Solvent

preparation for
contactor test

performance of
solvent

32.4.2.2 Analyze
recycled solvent

32431 Evaluate
cleanup procedures

32432 Cleanup

32811 Analyze/
characterize pristine
solvent

3.2.8.1.2 QA of
solvent performance
in batch tests with
real waste

taken from strip
effluent

3.2.8.2.3 Look for
I+ trace component ||
buildup

.2.8.2.4 Evaluate
Tc-99 Behavior

l

3.2.8.2.5 Confirm
Hydrodynamic
Stability

2

taken from strip solvent as
effluent necessary
3.2.4.2.3 Lok for
trace component
build-up
3282 Perform 2 3.2.9 Solvent
cm contactor test 3.2.8.3 Solvent recovery
on real waste with 5| cleanup (i required) demonstration using
day recycle procedures
32821 Confirm
" performance of [
solvent
32822 Analyze
recycled solvent

3.2.5 Solvent 3.2.4.4 perform
recovery second ()
demonstrations Sday Recycletest | s
Page

L

3.25.1 Use
Recovery
Procedures

Need Larger

Contactors ?

3210 Real Waste
Test With Larger
Contactors (Fewer
Stages)
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Applied Technology Integration Scope of Work Matrix for
Small Tank TPB Precipitation (Demonstration Phase)
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BCF Number(s)
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updates to reflect
feedback from TTR/TTP
development and
incorporated minor
editorial comments

All changesidentified with revision
bars

January 10, 2000

NA

Incorporates ECF#
HLW-SDT-2000-00011
which aligned
workscope matrix with
finalized FY 00 approved
workscope and
incorporated DOE
review comments by
removing holds and
identifying work to be
initiated in FY01 and
incorporated minor
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All changes identified with revision
bars
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NA
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Revision: 5

Use of Workscope M atrix

This Workscope Matrix has been developed to define the Science and Technology (S&T)
development activities to be performed during the Demonstration Phase. The guiding document
for this Workscope Matrix is the HLW Salt Disposition SE Team Science and Technology
Roadmap (Attachment 1). The S&T Roadmap provides the technology development path
forward towards successful deployment of the Small Tank TPB Precipitation option. This matrix
(Attachment 2) expands on the roadmap by providing the high level details of each segment of
research and development, assigning responsibility for the execution of each segment and
documenting the path through each segment of R&D in the form of a logic diagram(s)
(Attachment 3). The logic diagrams tie to the S& T Roadmap using numbered key S&T
decisionsg/milestones.

In this Demonstration phase, Scale-up will be performed wherever practical and advantageous to
the confirmation of technology and application of technology to the full-size facility. The
Workscope Matrix provides an additional definition of at which scale the S& T development is to
be conducted.

The Scope of Work Matrices (SOWMs) provide a more detailed description of the work
summarized in the roadmaps and logic diagrams. These SOWMs were previously used to
identify R&D work required to reach a technology downselection decision. Some work aso is
included in these SOWMs that has been identified as appropriate post-downselection R&D.
However, no attempt has been made to compile a comprehensive list of all post-downselection
R&D in these documents. Additional R&D planning will be required to support future stages of
the project, e.g. conceptual design, pilot plant design and operation, final design, and startup
support.
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ATTACHMENT 1-Small Tank TPB Precipitation Science and Technology Roadmap

SCIENCE AND TECHNOLOGY ROADMAP FOR SMALL TANK TPB PRECIPITATION CESIUM REMOVAL PROCESS

PRE-CONCEPTUAL/CONCEPTUAL DESIGN

| [ PRELIMINARY DESIGN | |

FINAL DESIGN

CONSTRUCTION PHASE

PROCESS ENGINEERING

7.0 Engineering Scale
Mixing Studies

6.0 Engineering Scale
Filtration Studies

Filtration Tech.

Mixing Tech.

Technology Downselection
Engineering Scale
& Property Data

Y

Conceptual Design Data
Performance Data

8.0 Thermohydraulic
& Transport Props

11.0 Engineering
44 Scale Reactor

5 16 (120 *DEB Integrated ‘7
4 Pilot Facility

13.0 Operate Pilot

8
Fac. Unit Ops Mode }’**‘

18.0 Instrumentation e

9.0 Analytical Sample
Requirements

PROCESS CHEMISTRY

1.0 MST Sorption
Kinetics

2.0 TPB Precip. &
Reaction Kinetics

Y .

Bench Scale
Performance Data

Kinetic Data

3.0 Bench Scale
CSTR Studies

4.0 Solubility
Data

5.0 Physical Property
Data

HLW SYSTEM INTERFACES

15.0 Tank Far
Blending

10.0 Control
Strategy

19.0 Methods
Development

14.0 Operate Pilot

20.0 DEB Integrated
Simulator

21.0 Operate
Simulator

A
16.0 DWPF Coupled
Operation Chem.

24.0 DWPF Recycle
Organics

22.0 Saltstone Waste
Acceptance Crit.

k.

Fac. Integrated Mode
A

l

23.0 Recycle 17.0 Additional Tank
Treatment Farm Char.

25.0 Feed Blending
Refinement

Page 5 of 18

KEY S&T DECISIONS/MILESTONES

Revision: 5

Select Filtration Technology
Select Mixing Technology
Select Mode of Chem. Addition

Select Reactor Type and Scale
Technology Downselection
Assurance to Proceed with Pilot

Conceptual Design Report

Issued for Design Source Data

9°9.90,.0.00 0.0 0

Assurance to Proceed with Construction

*DEB = Design, Engineer, and Build
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Revision: 5
ATTACHMENT 2-Small Tank TPB Precipitation Work Scope Matrix
Item | Item Considerations Scale Lead Org. Path Forward Doc. Reference Doc. Uncertainty
No.
Process Chemistry
1.0 MST The addition of Monosodium Titanate (MST) has been proposed to sorb the soluble U, Pu,
Sorption and S contained in the waste stream. The rate and equilibrium loading of these
Kinetics components as a function of temperature, ionic strength and mixing is required to support
the reactor design. The effect of TPB on MST kinetics must be known. Initial data from
batch reactor data indicates the MST kinetics are controlling the size of the reactor. The
impact of the higher MST loading and varying levels of PHA on glass properties must also
be evaluated.
Questions have been raised regarding the oxidation states of Pu (initia, as a function of
ionic strength, and equilibrium as Pu is sorbed onto MST) and the effect of oxidation
states on MST sorption rates. Since Pu is the primary source of alpha, it is important to
assure that experimental results obtained with simulants are representative of performance
with real wastes.
Activities to resolve these issues are common to CST, TPB and CSSX, Refer to Alpha
Remova Workscope Matrix (HLW-SDT-2000-00047) for further details.

20 TPB The addition of TPB will be used to precipitate the Cs-137 and other metals. The rate and HLW-SDT-TTR-99-§01 WSRC-TR-99-00216° 4,5,2
Precipitation | equilibrium (solubility) of MTPB precipitation as a function of temperature, ionic strength WSRC-RP-99-01114° ORNL/TM-1999/2343
and Reaction | and mixing is required to support the reactor design. Additional studies on TPB SRT-LWP-2000-00117% | o - TR-99-00345°
Kinetics decomposition under the expected process conditions are required. HLW-SDT-TTR-99-§11 WSRC TR-99-00325°

WSRC-RP-99-01114
During the experimental work conducted by SRTC for the closure of DNFSB 96-1, ORNL/CF-99/712 WSRC-TR-99-00375°
discrepancies in the decomposition rates for TPB for real waste and simulants were WSRC-TR-2000-00230°
observed. Also, a possibility exists for some catalyst or catalyst system to produce WSRC-TR-2000-00276°
decomposition rates which overwhelm the precipitation and filtration rates. The )
understanding of catalyst activation and catalytic synergistic effects must be improved to \';'v'-s‘g(':sgg'g gﬁ;ﬁ?
explain the real waste/simulant discrepancy. For process design, an upper bound for ORNL/_CF-_99/_642
decomposition rates should be determined. ORNL/TM-2000/300%
21 Contract consultants to assist in NA SRTC
211 Developing list of potential catalysts
212 Developing potential catalytic synergistic effects
2.1.3 Outline methods for conducting experiments
214 Review of existing datafor experimental adequacy.
2.1.5 Develop catalyst working mechanism
2.2 Define catalyst/synergistic effects Lab SRTC

221 Perform literature searches
2.2.2  Conduct additional catalyst identification tests to delineate the role

Note: See Matrix Legend for definition of column content
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Item | Item Considerations Scale Lead Org. Path Forward Doc. Reference Doc. Uncertainty

No.

of intermediates
2.2.3 Conduct synergistic effects tests with the various catalysts
identified and combinations recommended by experts
2.2.4  Conduct experiments to determine the form of Pd that is most
reactive in the decomposition of TPB
2241 NMRtests
2242  Mechanistic Pd testing
2.25 Perform electrochemical and spectroscopic studies of transition
metals
226 Perform Ru/Rh activation tests
2.2.7 Perform expanded metals testing (8 additional cycle 1 demo
metals)
2.2.8 Develop and test new simulant
2.3 Conduct real waste versus simulant tests Lab SRTC
231 Select Waste Tanks
232 Obtain rea waste samples
233 Characterize real waste for potentia catalysts and/or catalyst
combinations
24 Conduct CSTR Test with asimulated waste/ TPB system that clearly Bench ORNL
decomposes in batch tests (20L)
241  Conduct demo-scale (20L Open Loop Activated Catalyst) unit
operations tests at ORNL
242  Conduct demo-scale (20L Closed Loop Activated Catalyst)
integrated operations tests at ORNL
25  Conduct additional CSTR real waste test using recommended antifoamto | Bench SRTC
demonstrate sustained DF, balanced hydraulics, and reduced foaming (20L)
251 Evauatefeasibility and need for additional CSTR real waste test
252  Conduct rea waste CSTR test
253 Determine effect of temperature on ramp up once steady state has
been attained
26  Evaluate enhancements to precipitation process and equipment such as Bench ORNL/
dual strike (adding TPB to both reactors), different TPB addition methods, | (20L) SRTC
and mixing techniques. (post-downselect)

3.0 Bench Scale | To date TPB experimentation has not been conducted in a reactor. Batch reactor data | Bench ORNL HLW-SDT-TTR-299-271 ORNL/TM-1999/234° 23,24
CSTR has been used to size the reactor in the pre-conceptual stages. ORNL/CF-99/64" WSRC-TR-99-00345°
Studies ORNL/TM-2000/300 WSRC.TR.99.00116°

FY 00 scopeincludes 0.5 L and 20 L CSTR testing to support TPB decomposition catalyst WSRCTR-99-00325°
activation, NaTPB distribution, precipitate washing and antifoam development. Open
loop tests will be conducted at ORNL as a part of the scope for 2.0, 4.0, and 5.0. Two
closed loop tests will be conducted as a part of the bench scale reactor studies that

Note: See Matrix Legend for definition of column content
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Item
No.

Item

Considerations

Scale

Lead Org.

Path Forward Doc.

Reference Doc.

Uncertainty

incorporate knowledge obtained from the other portions of the program.

4.0

Solubility
Data

Work to be
initiated in
FYo1

NaTPB solubility data and rate of re-dissolution data is needed to support the reactor
design. Under certain conditions the rate of dissolution of TPB can be the rate
determining step for the precipitation of cesium. Solubility of CSTPB and KTPB has been
studied in the past but may require confirmation due to changes in the operating
conditions. Solubility of other salts must be determined to define the lower bounds of
operating temperature and minimum tank farm dilution requirements. Benzene stripping
fromfiltrate requiresinvestigation.

The distribution of NaTPB between the phases needs to be understood in greater detail.
During ITP operations and subsequent experimental work, the solubility of NaTPB has
been questioned. Recent studies have indicated that an isomorphic crystal is formed when
Cs and K are precipitated using NaTPB. The understanding of this crystal and its
formation must be increased. (see 4.1)

The washing experiments conducted at SRTC resulted in an approximately 70% recovery
of the excess NaTPB added to the process. The 20L pilot scale facility was much less
successful in recovering the excess NaTPB (~30%). The amount of excess recovered
directly impacts the amount of glass made in the DWPF. Also, since the excessis planned
for recycle back to the CSTRs, the % recovery directly impacts the cost of the raw
material for operating the plant. The recovery of NaTPB should be improved and the
recovery understood in light of the plant operating conditions. (see 4.2)

4.1 TPB Precipitation Testing (post-downselect)
411 Develop technology resourcesin the field of crystallization

4111  Establish aconsulting contract with an expert in the
field of crystallization

4112  Continue membership in the Association for
Crystallization Technology

4.1.2 Conduct DSC testing

4121  Mesasure precipitation rates directly through the use of
DSC

4122  Measure heat of crystallization

4.1.2.3  Confirm viability of measurements using dilute
aqueous solutions

4124  Perform subsequent tests to explore mixed crystal
formation from complex salt solutions

4.1.3 Perform Natracer studies
4131  Perform batch precipitation tests with radiotracer Na
4.1.4 Perform spectroscopic measurement of crystals
4141  Prepare mixed crystals of Na, K and Cs TPB
4.1.4.1.1 Perform analysisby x-ray diffraction and by electron-microprobe

NA

Lab

Lab

Lab

SRTC

SRTC/
ORNL

SRTC

SRTC

WSRC-TR-99-00243°
WSRC-TR-99-00154°
WSRC-TR-99-00155°
WSRC-TR-99-00156°
WSRC-TR-99-00216°

523

Note: See Matrix Legend for definition of column content
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Item
No.

Item

Considerations

Scale

Lead Org.

Path Forward Doc.

Reference Doc.

Uncertainty

421

422

4.2.3

424
425
4.2.6
4.2.7

431

4.1.5 Perform residence time scan

4151  Analyze precipitation rates Vs residence time
4152  Perform particle size analysis

Perform small-scale mixing tests to explore the following
variables:

416.1  Feed K concentration testing
416.2  Mixing energy
4.1.6.3  Bulk sodium molarity

4164  Resultant crystal composition (by digestion, XRD and
dissolution)

Perform 20 L scale optimum utility demonstration based on
conditions derived from previous testing

4171  Usetest resultsto assist model development

4172  Usetest resultsto develop future programs including
equipment modification

4.2 Perform Dissolution Tests (post-downselect)

Perform K+ dissolution tests with the following variables:
- Multiple TPB/K ratios
Concentrations between 10- and 12 wt%
Sodium molarity
Anti-foam concentrations
Agitator type and speed
Perform TPB dissolution tests with the following variables:
- Multiple TPB/K ratios
Concentrations between 10- and 12 wt%
Sodium molarity
Anti-foam concentrations
Agitator type and speed
Perform Pellet studies
4231  Preparepellets of NaTPB and measure dissolution rates
with and without K+ present

Determineif larger scale equipment is required

Develop scale equipment design

Perform calculations to modify 20 L ORNL test equipment
Modify 20 L ORNL test equipment

4.3 Perform washing studies

Perform bench-scale (PREF) washing studies to confirm washing
behavior based on dissolution tests

Lab

Lab

Bench

Lab

Bench

SRTC

SRTC

ORNL

SRTC

SRTC

Note: See Matrix Legend for definition of column content
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Item | Item Considerations Scale Lead Org. Path Forward Doc. Reference Doc. Uncertainty

No.

432 Perform 20 L open loop test to confirm impact of scale washing Bench ORNL
on performance (material from 4.1.7)

4.3.3 If batch tests (4.3.1 and 4.3.2) indicate viability, perform semi- Bench ORNL
batch washing tests (post-downsel ect)

5.0 Physical General physical property data such as density, viscosity, yield stress and consistency of HLW-SDT-TTR-99£251 WSRC-TR-99-00345° 5,23
Property durries, as a function of state variables such as temperature is required to support the WSRC-RP-99-1089°
Data design effort. WSRC-TR-2000-00297

Foaming in tetraphenylborate mixtures during agitation was identified early in the
development of the original ITP process. I TP used tributylphosphate to reduce foaming in
the stripper columns, while the Late Wash and DWPF facilities used Surfynol 420™ to
reduce precipitate foaming. Surfynol 420™ was selected for use in the Small Tank Phase
IV work because the impact on downstream processes has aready been evaluated.
Foaming was observed in the experimental work at SRTC and ORNL. An antifoaming
agent that is effective in suppressing foaming in TPB solutions must be identified. The
causes of any differences in foaming characteristics between real waste and simulants
understood and the effectiveness of the selected antifoam agents tested.
51 Consult with academic expert to identify potentially effective antifoam NA SRTC/IT
agents to be tested using a bench-scale prototype of the precipitation/
washing equipment.
511 Evauatefiltration (or other purification methods) of fresh TPB
solutions to reduce foaming
5.2 Test effectiveness of each identified anti-foam agent at bench scale Lab SRTC
521 Test effect of anti-foam on washing
53 Test the most effective anti-foam agent under irradiated conditions to NA NA
identify reduced effectiveness caused by irradiation
54 Determine an analytical technique to enable determination of the fate of NA NA
anti-foam agent across the precipitation, concentration, washing and
hydrolysis cycles
55 Test the most effective anti-foam agent using a CSTR test cycle, using Bench SRTC
surrogate feed (perform anti-foam agent material balance)
5.6 Test the most effective anti-foam agent using alab-scale test cycle, using NA NA
actual waste (perform anti-foam agent material balance)
5.7 Perform 20 L open loop demo Bench ORNL
5.8 Evaluate downstream HLW system impacts of chosen antifoam agent TBD TBD
Process Engineering

6.0 Engineering Filtration of TPB dlurries containing MST has been studied extensively in the past. The
Scale change to a continuous process requires a re-evaluation of cleaning techniques, and
Filtration control strategy. Should the MST and TPB chemical strikes be separated. Filtration of

Note: See Matrix Legend for definition of column content
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Item | Item Considerations Scale Lead Org. Path Forward Doc. Reference Doc. Uncertainty
No.
Studies MST alone must be studied to ensure proper filter sizing. Filtration cleaning studies
including the impact of spent cleaning solution will be studied. The effect of antifoam
requires investigation.
Therole of TPB in the filtration process needs to be determined. This work will also aid
the search and development of afilter aid for the CST process.
Activities to resolve these issues are common to CST, TPB and CSSX, Refer to Alpha
Remova Workscope Matrix (HLW-SDT-2000-00047) for further details.
7.0 Engineering | As noted in the kinetic sections above, good reactor mixing is essential to proper reactor | NA NA NA Design Input
Scale Mixing | siziing. Smple mixing by agitation or recirculation may not be adequate. Alternate mixing
Studies technologies will be studied, and a selection made.
Identified activitieswill be conducted during Conceptual Design
8.0 Thermo- Thermal and hydraulic properties must be measured to allow for determination of heat | NA NA NA Design Input
hydraulic removal loads and technologies (jacketed vessels, cooling coils, heat exchanger, etc.).
and transport
Properties Identified activities will be conducted during Conceptual Design
18.0 | Instrumenta- | Activitieswill be conducted during Conceptual Design NA NA NA Design Input
tion
19.0 | Methods Activities will be conducted during Conceptua Design NA NA NA Design Input
Development
9.0 Analytical The analytical sample requirements including on-line analysis must be developed to
Sample support control strategy development.
Regs.
Develop an at line analyzer for Cs, Sr, and total alpha
Activities to resolve these issues are common to CST, TPB and CSSX, Refer to Alpha
Remova Workscope Matrix (HLW-SDT-2000-00047) for further details.
10.0 | Control Control Strategy must be developed to support the designing, engineering, and building of | NA NA NA 7
Strategy the pilot facility.
Pre-Conceptual Design of the Pilot Facility has started
11.0 | Engineering The bench scale kinetic data, engineering scale filtration and mixing studies and bench | NA NA NA Design Input
Scale scale reactor studies may indicate the need for intermediate scale reactor testing prior to
Reactor designing, engineering, and building of the pilot facility.
Pre-Conceptual Design of the Pilot Facility has started
12.0 | Design, A pilot scale (to be determined) facility will be built to support the confirmation of design | NA NA NA Design Input
Engineer, data and devel opment of operator training.
and Build
(DEB) the Pilot Facility Conceptual Design will be conducted in parallel with a final technology
intetgrated

Note: See Matrix Legend for definition of column content
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Item | Item Considerations Scale Lead Org. Path Forward Doc. Reference Doc. Uncertainty
No.
Pilot Facility | selection. Pilot Facility design will be conducted on the selected technology.
13.0 | Operatethe The pilot facility testing will include a phase of single unit operations to confirm bench | NA NA NA Design Input
Pilot Facility | scale property data, operational parameters and proof of concept component testing.
inaUnit
Operations Pilot Facility Conceptual Design will be conducted in parallel with a final technology
Mode selection. Pilot Facility design will be conducted on the selected technology.
14.0 | Operate the The pilot facility testing will include a phase of integrated operationsto ensure the design | NA NA NA Design Input
Pilot Facility | will operate under upset conditions, determine the limits of operation to dictate recovery,
inan the limits of feed composition variability, and confirm design assumptions. This testing
Integrated will aide in operator training and simulator development which in accordance with the
Mode overall project roadmap is completed during the construction phase of the project.
Activities will be conducted during Conceptual Design
20.0 | Design, Activities will be conducted during construction NA NA NA Design Input
Engineer,
and Build
(DEB)
Integrated
Simulator
21.0 | Operate Activities will be conducted during construction NA NA NA Design Input
Simulator
High Level Waste System Interface
15.0 | Tank Farm The production sequences of emptying the tank farm has been studied in the past and have | NA NA NA
Blending indicated potential tank blending issues regarding Np, U, Pu, and S. The current blend
strategy must be reviewed to determine if alternate blending strategies can reduce the 5 to
8x concentration spikes in these components or if the alpha removal requirements must be
modified to meet the Saltstone waste acceptance limits.
Additional blending studies will be conducted during Conceptual Design
16.0 | DWPF The use of TPB as a precipitating agent requires an additional processing step in the WSRC-TR-99-00262° 1,3
Coupled DWPF (Salt Processing Cell) to remove the organics prior to vitrification of the waste. WSRC-TR-99-00290°
Opera'Iion 'I_'hig process ha§ been Qperated full scale during DMIEF cqld chemi cql _ope_rati ons, bgt WSRC-TR-99-00292°
Chemistry limited radioactive testing has been conducted. Technical issues requiring investigation WSRC-TR-09-00294°
includes organic byproduct accumulation in the off-gas systems and trace organic being e .
returned to the tank farm via the recycle condensate. The Small Tank TPB process WSRC-TR-99-00272
Worktobe | gxceads the ratio of salt to sludge tested during DWPF cold chemical operations, WSRC-TR-99-00332°
gl(tbalted n extension of the glass property correlations may be required. Development of vessel vent WSRC-TR-99-00293°

cleaning and recycle organic removal technology may be required.

The hydrolysis process in the DWPF was the limiting process for the original Small Tank
TPB Precipitation Process. The latest Salt Disposition Facility flowsheet has incorporated
the hydrolysis process and removed it from the DWPF flowsheet. The process needsto be

WSRC-TR-99-00279°

Note: See Matrix Legend for definition of column content
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Item | Item Considerations Scale Lead Org. Path Forward Doc. Reference Doc. Uncertainty
No.
properly sized in the new flowsheet. Additionally, some alternatives to the current
hydrolysis process need to be investigated in order to reduce the amount of Cu used and
the Tank Farm recycle.
16.1 Develop relationship of nitrate and nitrite concentration in CSTR product Lab SRTC
TPB as afunction of absorbed dose (post-downselect)
16.2  Conduct experiments to develop the optimum Cu/formic acid ratio as a Lab SRTC
function of time
16.3  Confirm these experiments at the bench scale 1/240" SRTC
164  Assessalternate catalyst forms to copper nitrate (post-downselect) Lab SRTC
16.5  Assesstechnical feasibility of recycling catalyst (post-downselect) Lab SRTC
16.6  Determine the effects of kinetics on phase separation by using canister Lab SRTC
centerline cooling profile
17.0 | Additiona While the tank farm waste has been characterized, additional characterization may be NA NA NA Design Input
Tank Farm required to define the range of expected compositions during facility operation.
Character-
ization Seeb5.6and 2.3
220 | Sdtstone No identified scope NA NA NA Design Input
Waste
Acceptance
Criteria
23.0 | Recycle No identified scope NA NA NA Design Input
Treatment
240 | DWPF No identified scope NA NA NA Design Input
Recycle
Organics
250 | Feed Activities will be conducted during Final Design NA NA NA Design Input
Blending
Refinement

Note: See Matrix Legend for definition of column content
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Item

Considerations

Scale

Lead Org.

Path Forward Doc.

Reference Doc.

Uncertainty

NA

HLW-SDT-99-0353
Revision: 5
Matrix Legend

Corresponds to the block number on the Science and Technology Roadmap and Logic Diagrams; provides atie
between documents.

General title of the S& T block; corresponds to block title on the Science and Technology Roadmap and Logic
Diagrams.

Discusses the considerations pertinent to the completion and resolution of each item; provides details and numbered
R&D activities to be performed to resolve the item (numbered R& D activities correspond to numbered activities on
logic diagrams). Italicized text is extracted from previous TPB roadmap HLW-SDT-980164 and reflects activities
previously completed or no longer required.

Defines the scale at which R& D test will be performed (Lab scale, bench scale, engineering scale or pilot scale).

| dentifies the organization responsible for conducting the R& D activity and hence location where activity will be
performed.

Lists the applicable Technical Task Requests (TTRs) denoted xxxx®; Task Technical and Quality Assurance Plans
(TTPs) denoted xxxx*and Test Reports (TRs) denoted xxxx® which respectively initiate, plan and document the
results of R&D activities.

Lists reference documents such as previous test results, reviews etc., which relate to the current R& D activity.

Provides a cross-tie to the cost validation matrix uncertainty statement Ids within the Decision Phase Final Report,
WSRC-RP-99-00007.

Not Applicable
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MST SORPTION
KINETICS (1.0)

From Alpha Removal Workscope Matrix,

HLW-SDT-00047

HLW-SDT-99-0353
Revision: 5

ATTACHMENT 3-Small Tank TPB Precipitation S& T Logic Diagrams (1 of 4)

PAGE 1

BENCH SCALE CSTR

STUDIES (3.0)

2.0 Cesium Removal
Kinetics and Equilibrium

2.2.6 RuRh
Activation Tests

222 Role of
Intermediates

225 Elect/Spect

227 Test Addi
Metals

2.1 Contract

Consultants

]

2.1.1 Develop List of

Potential Catalysts
2.1.2 Catalyst
Synergistic Effects

2.1.4 Review Existin
{—+{Experimental Data fo

Adequacy

2.15 Develop
*|Catalyst Mechanism

2.2 Define
Catalyst/

2.1.3 Experimental
Methods

2.2:3 Conduct
Synergistic Effects

Catalysts/
Combinations

2.2.8 Develop and
Test New Simulant

imula

Synergistic Effects

221 Perform
Literature Searches

2.3.2 Obtain Real

2.3.3 Characterize
Real Waste

2.3 Real Waste Vs
Simulant Tests

Y
I Adequate
2

TPB PRECIPITATION AND
REACTION KINETICS (2.0)

2.5.2 Conduct real
waste CSTR test

5.3 Determine impact

2.4 Catalyst CSTR
Tests

2.4.1 20L Open Loop
Unit Operations

2.4.2 20L Closed Loop
Integrated Operations

2.6 Evaluate

enhancements

2
of temperature ramp-up

age 3
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ATTACHMENT 3—-Small Tank TPB Precipitation S& T Logic Diagrams (2 of 4)

4.0 Solubility Data

4.1 TPB

D

Page 3

Continued on Page 3

Pr
Testing

4.1.1 Technology
Resources in
Crystallization

4.1.1.1 Consultant ‘
4.{4,141,2 ACT

4.1.2 Conduct
DSC Testing

4.1.2.1 Measure
Precipitation Rates

4.1.3 Perform
Na+ Tracer
Studies

4.1.2.3 Confirm 4.1.2.4 Explore Mixed
Measurements Crystal Formation

}_.

4.1.2.2 Measure Heat of
Crystallization

4.1.4 Spectrosc.
Measurement of
Crystals

4.1.3.1 Perform Batch

Precipitation Tests

[

4.15 Perform

Residence Time
Scan

4.1.4.1 Prepare Mixed

Crystals

4.1.4.1.1 Perform X-Ray ‘
diffr. & Electr. Microprobe ‘

4.1.6 Scale Mixin
Tests

4.1.5.1 Precipitation Rates
Vs Residence Time

4.1.5.2 Perform Particle
Size Analysis

4.16.1 Feed
K+Concentration Testing

4.1.6.4 Crystal Composition|

(digestion, XRD &
dissolution:

4.1.6.2 Mixing Energy

4.1.6.3 Bulk Na+ Molarity
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SOLUBILITY DATA (4.0) !

4.1.7.1 Develop Model

2 Equipment
Modifications

Page 3
Continued on Page 3
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Revision: 5
ATTACHMENT 3—-Small Tank TPB Precipitation S& T Logic Diagrams (3 of 4)

Continued From Page 2

PAGE 3

Page 2 SOLUBILITY DATA (4.0)

Page 2 Continued From Page 2

Page 2

4.2 Perform 4.3 Perform
Dissolution Tests. Washing Studies N

4.2.1 K+ Dissolution Tests 4.3.1 Bench Scale Washing| 4.3.2 Scale Washing Tests Perform Semi-Batch
Studies (PREF) (Material From 4.1.7) Wash Testing
——{ 4.2.2 TPB Dissolution Test:
——{ 4.2.3 Perform Pellet Studi
4.2.6 Calcs for Modification 4.2.7 Perform Modification
to 20 L ORNL Equipment to 20 L ORNL Equipment

4.2.4 Determine if Larger 4.2.5 Develop Scale Decision to
Scale Equipment is Require Equipment Design Equipment

PHYSICAL PROPERTY

DATA (5.0)
5.0 Physical
Property Data
Page 1
5.1 ID Potential 5.5 Test Most Eff. 5.8 Evaluate
Anti-Foam Agents i‘jar:e:;:';:'s' Agent with Simulant g;ezel_';%’?;gm"o [—»{ downstream @
(Academic Expert) at Bench Scale system impacts
5.3 Test Most
Effective Agent
(Irradiated Cond.)
5.1.1 Evaluate 5.2.1 Effect of 5.6 Test Most Eff.
filtration of TPB Anti-Foam on Agent with Real
solutions Washing Waste at Lab Scale
5.4 Analytical
Technique -
Development
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PAGE 4

DWPF COUPLED
OPERATION CHEMISTRY

16.0 DWPF Coupled
Operation Chemistry (160)

ENGINEERING SCALE
FILTRATION STUDIES (6.0)

16.1 Nitrate/Nitrite
Conc. as Function —#-

of Absorbed Dose

16.3 Perform
Hydrolysis Studies

16.2 Optimun Cu/
Formic acid Ratio
as Function of

i
|
I
|
|
|
|
|
|
|
|
|
|
|
I
I
I
|
|
I
I
I
|
|
|
|
|
|
|
|
|
|
I
I
} Time < : >
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
I
I
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
I
I
I

From Alpha Removal Workscope Matrix, HLW-
SDT-00047

16.4 Assess
Alternate Catalyst
Forms

16.5 Assess
Tech. Feasibility of
Recycling Catalyst

16.6 Determine
effects of kinetics
on phase sep.
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Appendix B

Technology Development Needs

The specific technology development needs listed below are derived from technical issues and
concerns that have been identified in previous phases of the Salt Processing Program. Several
are related to or are subordinate issues under the high priority needs discussed in previous
sections as Technology Development Needs. Other categories, such as “High-Level Waste
System Interface Issues’ are also used to appropriately organize the other technology
development needs.

Alphaand Strontium Removal

Actinide and Strontium Removal Perfor mance

Define measures to improve actinide decontamination with monosodium titanate (MST) -
including slow kinetics for plutonium bonding - to reduce equipment size

Demonstrate that the designed amounts of MST will provide sufficient decontamination of
transuranic elements

Define the reactions that may be caused by temperature or chemistry changes resulting from
the MST dtrike; define impacts to the process. (Data suggest heating and cooling of the
durry prior to filtration may improve the processing rate.)

Develop alternative sorbents for alpha and strontium removal

Define the effect of neptunium content spikes in some tanks to the Performance Assessment
and Waste Acceptance Criteria. Define necessary mitigating measures.

Define the effect that the MST strike has on americium disposition

Identify and confirm the feasibility of required feed blend

Develop new analytical techniques to reduce the delay (1 week) in measuring the
decontamination factor for strontium in the MST process

Define the mechanisms for hydrogen generation in the MST strike process; identify, design
and develop methods for hydrogen control

Define the effect of neptunium content spikes in some tanks

Solid-Liquid Separation Performance

Evaluate aternative solid/liquid separation technologies

Develop mitigation measures to address the difficulty inherent in filtration of the composite
dudge and MST durry. The resolution must address low filtrate flow rates and the
requirement for cleaning.

Investigate and recommend a process for dissolving solids from filters

B.2



Tanks Focus Area PNNL-13253
SRS Salt Processing Project R& D Program Plan Revision 1

Crystalline Silicotitanate (CST) Non-Elutable lon Exchange

Resin Stability

Define potential for MST and/or sludge solids to breakthrough and transfer to columns.
Define how the proprietary constituents that have been demonstrated to precipitate and leach
from resin will impact the integrated flow sheet

Define the potential for aluminum precipitation in various operating modes. Develop and
demonstrate mitigation measures as needed

Define the fate of resin and cesium on aloaded column under accident scenario

Perform a pilot-scale treatment study to demonstrate that the CST process can meet
performance requirements

Resin Handling and Sampling

Determine if the spent resin can be converted from granular engineered form to fine powder
with mixing and high shear. Verify that conversion to powder improves transfer, sampling
and homogeneity. Demonstrate the conversion process.

Define requirements for a monitoring system that adequately determines when to verify
interface requirements. Develop and demonstrate the system.

Define disposal method for clean CST fines

Demonstrate methods to effectively decontaminate process equipment contaminated with
fines deposited by the CST process

Define requirements for process instrumentation to enable detection of process upsets and
provide routine monitoring

Gas Generation

Define measures to mitigate deflagration of resin column due to radiolysis of water (H»
generation)

Develop and demonstrate a method to degas the resin to prevent resin blinding with Hp, and
o2

Develop methods to mitigate potential for deflagrations/detonations due to hydrogen
accumulation in the vapor spaces

Define a strategy for managing hydrogen in the spent resin vessel

Document and validate research and development results that indicate steam pressurization
of a resin column results in less H, generation than current Authorization Basis (AB)
assumptions
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High-L evel Waste System | nterface | ssues

Determine if the CST process can produce glass that meets compositional Environmental
Assessment standards and processing limit

Determine if the waste stream can be maintained homogeneous enough (durry, particle size
and sampling) to define specifications for modifying the Defense Waste Processing Facility
(DWPF) Hydragard® Sampler and assure that it will perform reliably

Determine if adequate testing can be done to demonstrate the glass composition standards
within the limited physical access available to DWPF

Determine limiting process support requirements, such as tank blending strategies for
cesium, which may preclude use of the technology.

Determine if MST/CST will have a deleterious effect on glass form due to increased
concentration of TiO, in glass

Perform testing to requalify glass form to alow use of CST process

Develop and demonstrate a method to analyze the composition of CST in conjunction with
other DWPF feed components

Devel op/demonstrate means to analyze CST in DWPF

Complete and validate research results that catalytic H, production rate from formic acid is
less than the authorization basis for DWPF feed pretreatment processes

General Issues

Develop/demonstrate management schemes for large curie inventories in facilities
|dentify or develop sources of sufficient quantity of CST to supply the process (50 ton/yr)

Caustic Side Solvent Extraction (CSSX)

Sovlient System Proof-Of-Concept

Demonstrate ability to recover and reuse solvent while maintaining the required DF and CF
Provide a sound technical basis for contactor efficiency to separate the organic stream from
the agueous stream (current basis assumes 95%)

Determine if increasing temperature or adding nitrate improves the DF

Determine if cold cesium will be used in the stripping stage of the process, and if so, will it
occupy active sites

Define optimal solvent formulation and temperature dependency

Develop a method to determine the composition of the 4-compound solvent system
Prevent/minimize CRUD formation at the organic to aqueous interface, thereby increasing
stage efficiency and minimizing/reducing number of stages or flow sheet changes

Define the disposal routes for spent solvent and the feasibility of implementing the preferred
alternative

Define the CSSX operating window with respect to solvent components and impurities
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Develop understanding to determine if addition of organic removal for raffinate must be
added to the process

Radiolytic Stability

Perform testing process that accurately simulates radiolysis of solvent by Cs-137

Determine the potential for radiolysis to nitrate the solvent

Define appropriate solvent cleanup method to remove del eterious degradation products (all 4
solvent components)

Chemical Stability

Evaluate the potentia for nitration of organics in the strip stream; as required, identify and
design mitigation measures

Develop measures to mitigate flammability of organic solvent (process and sumps)
Identify and mitigate potential for fire in the extraction process

Mitigate the corrosive effects of fluoride from degradation of aromatic modifier

Real Waste Performance

Confirm solvent performance on real waste (achieve DF of 40,000 at CF of 12)
Demonstrate the hydraulic performance of CSSX using area waste mixture

Determine by analysis of recycled solvent if degradation or polymer products are forming; if
S0, assess impact

Determine if trace components are concentrating in recycled solvent; if so, assess impact

High-level Waste System Interface | ssues

Define decomposition/degradation products that affect saltstone grout quality and mitigate
these effects
Determine the range of composition of the cesium product stream that is acceptable in

coupling to DWPF
|dentify byproducts and their concentration, determine if they would be carried into saltstone

in excess of limits; identify mitigation measures

Small Tank Tetraphenylborate Precipitation (STTP)

Catalytic Product Decomposition

Develop and document an understanding of the process chemistry and meet requirements of
DFNSB Recommendation 96-1

Determine if additional (currently unknown) catalytic effects of catalyst buildup through
plate-out will increase benzene levels and exceed permit levels and or cause activation
greater than the bounding levels (DF decrease)
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Define the procedure for recovering from a batch that decomposes (catalyst activation greater

than bounding case resulting in loss of DF)
Perform radioactive waste tests to provide essential data for equipment design and confirm

analytical results from cold tests

Determine the effects of materials of construction on catalytic effect

Determine if the dow kinetics of MST and TPB will preclude reaching the required DF; if
so, identify mitigation measures

Foaming

Identify improved antifoam agents
Determine if the new antifoam agent will have deleterious effects on downstream processes,

if so, identify mitigation measures

High-level Waste System | nterface | ssues

Determine the limiting process support requirements, such as tank blending strategies for
cesium, that may preclude use of the technology

Determine range of composition of agueous cesium stream acceptable in DWPF process
Develop/demonstrate process to facilitate transfer of high viscosity 10 wt% durry to DWPF

General Issues

Define method for determining when the process reaches 10% precipitate concentration
Determine the storage limit of NaTPB in terms of form, shelf life and benzene release
Define the conditions that cause material to settle or plate out in tanks and concentrates and
define measures to avoid

Define all unit operations necessary to assure proper performance and meet regquirements to
eliminate or minimize adding future unit operations and increasing complexity

Determine by safety analysis/PHR if atwo train design is indicated; assess technology
and/or design solutions and identify required path

Determine if gas entrapment and pressure drop in afilter assembly will cause filter blinding.
If so, identify mitigative measures
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Appendix C

Resear ch and Development Program Schedule

The following pages are the updated (as of November 2000) Salt Processing Program Research
and Development schedule on the planned work for each alternative (Alpha and Strontium
Removal, Crystalline Silicotitanate Non-Elutable lon Exchange, Caustic Side Solvent Extraction,
and Small Tank Tetraphenylborate Precipitation).
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Activity Work | Float Early Early Lead EYOL EY02
ID Days Wk Days|  Start Finish ocT | Nov [ DEC [ JAN [FEB [MAR [ APR [ MAY [ JUN [ JuL [AUG [ SEP | OCT [NOV [ DEC
Alpha & Strontium Removal
Monosodium Titanate (MST) Kinetics & Equilibrium
Pu Speciation in Waste - XAFS Study
WAMST12100 185* 590|110CTO00A |16AUGO1 |LNO ‘XAFS Stldfes - Pu Speciation in Waste <HA>
(I
A
WAMST12102 6 590|110CTO0A |29NOVOO |LNO XAFS - [evielop Contract for XFAS Studies
I
WAMST12104 0 590 29NOV00 |LNO KAFS - Award Contract
»
WAMST12106 0 310CTO00A |LNO |)(AF 5 {Beam Time Confirmation
*
WAMST12112 42 590|30NOV00 |31JANO1 LNO WKAAFS - Pre[fare Standards/Scouting Samples
|
WAMST12114 30 590|01FEBO1 15MARO1 |LNO WXAFS - Testing
|
WAMST12116 10 590|16MARO1 [29MARO1 |LNO ﬁFS Select Test Conditions for Final Case
[
WAMST12122 44 643|16MARO1 [17MAY01 |LNO WXAFS - Draft Interim Report on Scouting Samples
|
WAMST12124 5 643|18MAY01 [24MAY01 |JWM XAFES - DOE Review Interim Report on Scouting Sam
[ |
WAMST12126 5 643|18MAY01 |24MAY01 |KJR ﬁAFS - Team Review Interim Report on Scouting
-
WAMST12128 5 643|25MAY01 |01JUNO1 |LNO XAES - Revise Interim Report on Scouting Samples|
[ |
WAMST12130 0 643 01JUNO1 |KJR )(AFS| Approve Interim Report on Scouting Samples
*
WAMST12142 20 590|30MARO1 |27APR0O1 |LNO WXAFS - Prepare Final HLW Samples
[ ]
WAMST12144 36 590(30APR0O1 |19JUNO1 |LNO WXAFS - Final Sample Testing
]
A J A J
Start Date 010CT98 Westinghouse Savannah River Co [ | Early Bar
Finish Date 26SEP02 Salt Processing Program I Trget (Early Start)
Data Date 20NOVO00 Plan of the Month
Run Date 21INOVO00 12:34 : P Al Fogress Bar
(All to go & in progress activities) . .
I Critical Activity
© Primavera Systems, Inc.




Activity Work | Float Early Early Lead

- FYO01 EY02
ID Days |Wk Days|  Start Finish OCT | NOV | DEC | JAN | FEB [ MAR | APR [ MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC
WAMST12146 16 590(20JUNOL  |12JULO1  |LNO i XAFS - Analyze Data
|
WAMST12152 15 590(13JULOL  |02AUGOL |LNO XAFS - Draft Final Report
I
WAMST12154 5 590|03AUGO1 |09AUGOL |JWM ﬁAFS— DOE Review Final Report
|
WAMST12156 5 590|03AUGO1 |09AUGOL |KJR XAFS - Team Review Final Report
|
WAMST12158 5 590|10AUGO1 |16AUGOL |LNO ﬁAFS - Revise Final Report
|
WAMST12160 0 590 16AUG01 |KJR VXAFS Approve Final Report
|
*
Collodial Pu
WAMST1200 34* 59|14AUGO0A |11JANOL |TBP  [Colloidal Plutbnium Studies <HA>
|
WAMST1215 o* 050CTO0A |200CTO00A | TBP Analyze Ot@ Filter Set #1- Colloidal Pu
Alpha TTAY
Gamma
ICP-MS
n
WAMST1225 0 090CTO0A | 1ONOVOOA |TBP Filter Seff#4 Colloidal Pu

=

WAMST1230 9* 59|200CT00A |04DECO0 |TBP Enalvi E Pata Filter Set #2- Colloidal Pu
[ |
WAMST1235 15 59|05DEC00 |27DECO0O0 |TBP I'\Colloidal Pu - Draft Report
I
WAMST1240 5 59/28DEC00 |04JANO1 |TBP ﬁolloidal Pu- Antifoam Test Report Team Comments
[ |
WAMST1245 5 59/28DEC00 |04JANO1 |TBP ﬁolloidal Pu - Antifoam Test Report DOE Comments
[ |
WAMST1250 5 59/05JANO1 |11JANO1 |TBP ﬁolloidal Pu - Incorporate Comments to Report
[ |
WAMST1255 0 59 11JANO1 KJR \Colloidal Pu - Approve Report, Final Recommend
|
*
Honeywell Sodium Titanate
WAMST13 20* 73|12JANOOA |19DEC00 |DTH  [MST Kinetigs)- <HA>
—
|
A J A J
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Activity Work | Float Early Early Lead EYOL EY02
ID Days |Wk Days|  Start Finish OCT | NOV | DEC | JAN | FEB [ MAR | APR [ MAY [ JUN | JUL | AUG | SEP | OCT | NOV | DEC
Monosodium Titanate Testing A
WAMST15000 | 102* 673|03NOVO0OA [19APRO1 |DTH ﬁ sting <HA>‘
|
WAMST15010 10* 673|03NOVOOA |05DEC00 |DTH MS %sting - Draft Task Plan
I
WAMST15020 5 760|06DEC00 |[12DEC00 |DTH HST Testing - DOE Review Task Plan
[ |
WAMST15030 5 673|06DEC0O0 [12DEC00 |DTH MST Testing - Team Review Task Plan
[ |
WAMST15032 5 673|13DEC00 [19DEC00 |DTH WIST Testing - Revise Task Plan
B
WAMST15040 0 673 19DECO00 |DTH ST Testing - Approve Task Plan
|
4
WAMST15050 26 673|20DEC00  [29JANO1  |DTH WMST Testing - Prepare Solutions
L1
WAMST15060 22 673|30JANO1* |01MARO1 |DTH WST Test- Measure Single Radionuclide Isotherms
[ ]
WAMST15070 10 673|02MARO1 [15MARO1 |DTH ﬁT Test - Complete Analysis
|
WAMST15110 14 673|16MAROL |04APRO1 |DTH WDraft Report - MST Testing
|
WAMST15120 5 673|05APRO1 [11APRO1 |DTH T\]/IST Testing - Team Review Report
|
WAMST15130 5 673|05APRO1 [11APRO1 |DTH T\]/IST Testing- DOE Review Report
|
WAMST15140 5 673|12APRO1 [19APRO1 |DTH HST Testing- Resolve comments
|
WAMST15160 0 673 19APR0O1 |DTH \MST Testing- Approve Final Report
|
*
Engineered Form of MST
WAMST18000 | 264* 511[180CTO00A [10DEC01 |DTH Enginefrgd Form of MST <HA>
|
WAMST18010 33* 594 (180CT00A |10JANO1 DTH Engin?r d Form of MST -Define Available Methods
! Y Y
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Activity Work | Float Early Early Lead EYOL EY02
ID Days \Wk Days| Start Finish ocT [ Nov | DEC [ JAN [FEB [MAR [ APR [ MAY [ JUN [ JUL [AUG [ SEP | OCT [ Nov [ DEC
WAMST18020 11 594|11JANO1 |25JANO1 |DTH A \Eﬂineered Form of MST - Workshop on Methods
[ |
WAMST18030 17 594|26JANO1 |20FEBO1 |DTH IMST - Evaluation of Manufacturing Methods
[ |
WAMST18040 0 594 20FEBO1 |DTH \Select Manufacturing Methods
|
L 2
WAMST18050 0 511|20JUNO1 DTH Engineered MST - Decision to Proceed
|
I'y
L 2
WAMST18060 26 511|20JUNO1 |26JULO1 DTH Engineered MST - Develop Contract Packages|
|
WAMST18070 0 570 07SEP01 |DTH Engineered MST - Award Developmental Contracts|
A
L 2
WAMST18080 5 570{10SEP01 |14SEP01 |DTH MST Manuf - Integrate Contractural Schedules|
[ |
WAMST18090 26 605|20JUNO1  |26JULO1 DTH Engineered MST - Develop Internal Work Orders|
|
WAMST18210 56 511|20JUNO1 |07SEPO1 |DTH MST Manuf-Complete Synthesis of Initial Material
]
WAMST18220 28 511|10SEPO1* [170CTO01 |DTH MST Manufacturing - Com?lete Screening Tests
|
WAMST18230 11 511|/180CT01 |01INOVO1 |DTH MST Manufacturing COﬁlete Analysis
[
WAMST18540 15 511|02NOV01 |26NOV01 |DTH Draft Report - Engineered Forms of MST]
[ |
|
WAMST18560 5 511|27NOV01 |03DECO1 |DTH Engineered Forms of MST- Team Review Report]
L]
WAMST18570 5 511|27NOV01 |03DECO1 |DTH Engineered Forms of MST - DOE Review Report
[ |
WAMST18580 5 511|04DECO01 |10DECO01 |DTH Engineered Forms of MST - Resolve comments
[ |
WAMST18590 0 511 10DECO1 |DTH Engineered Forms of MST - Approve Final Report]
|
A J A J *
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Activity Work | Float Early Early Lead EYOL £702
ID Days Wk Days|  Start Finish OCT | NOoV | DEC [ JAN [FEB [ MAR [ APR T MAY [ JUN [ JUL [AUG [ SEP | OCT [ NOV | DEC
Alternative Alpha And Strontium Removal A A
Evaluate Alternate Sorbents (SRTC Identified)
WAMSTI13E 20* 755|13SEPO0OA [19DEC00 |DTH Evaluate Alltefnate Sorbents (SRTC Identified)<HA
| ‘
WAMST13F 0 13SEPOOA |200CTO0A |DTH  [Screening fept #1 (SrTreat, CST)
|
WAMST13F1 0 200CTOO0A |270CTO0A |DTH Set #1fAfalyses
]
WAMST13F3 0 050CTO0A |200CTO0A |DTH Screenind Tpst #2 (Precipitation)
[ |
WAMST13F4 0* 200CTOOA |03NOVOOA |DTH Set #2JAflalyses
[ |
WAMST13F5 0* 260CTO0A |02NOVOOA |DTH Scrednihg Test #3
-
WAMST13F6 0 03NOVOOA |16NOVOOA |DTH Setftd Analyses
|
WAMST13H 9* 73|17NOVOOA |04DEC0O0 |DTH rdft Report - New Sorbents
.
WAMST13K 5 73|05DEC00 |11DECO00 |DTH INew Sorbents - Team Review Report
|
WAMST13M 5 73|05DEC00 |11DECO00 |DTH IWew Sorbents - DOE Review Report
-]
WAMST130 5 73|12DEC00 |18DECO00 |DTH ﬁew Sorbents - Resolve comments
[ |
WAMST13P 1 73|19DEC00 |19DECO00 |DTH hNew Sorbents - Issue Final Report
1
WAMST13Q 0 73 19DECO00 |DTH WNew Sorbents - Approve Final Report
|
*
WAMST13Q1 0 755 19DECO00 |DTH \Decision - Additional Testing Required ?
|
Evaluation of Alternate Sorbents (TAMU Supplied)
WAMST17000 166* 609|03NOVOOA |20JULO1 |DTH &u te Alternate Sorbents (TAMU Supplied) <HA>
|
WAMST17010 10* 609|03NOVO0A |05DEC00 |DTH Altar[ﬁte Sorbent Evaluation - Draft Task Plan
I
\d Y Y
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Activity Work | Float Early Early Lead EYOL EY02
D Days’ WiiDays = start Al ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AUG | sEP [ ocT [ NoV [ DEC
WAMST17020 5 760|06DEC0O0 [12DEC0O0 |DTH A VAlternate Sorbent Eval- DOE Review Task Plan
[ |
WAMST17030 5 609|06DEC0O0 [12DEC0O0 |DTH VAlternate Sorbent Eval - Team Review Task Plan
[ |
WAMST17040 5 609|06DEC0O0 [12DEC00 |DTH ﬁternate Sorbent Evaluation - Revise Task Plan
B
WAMST17050 0 609 12DEC00 |DTH VAlternate Sorbent Evaluation - Approve Task Plan
\
b
WAMST17060 22 609|13DEC0O0 [16JANO1 |DTH VAlternate Sorbent Evaluation - Prepare Solutions
L |
WAMST17070 79 609|17JANO1* |09MAYO1 |DTH \‘Alternate Sorbent Evalua‘ltion - Conduct Testing
WAMST17080 16 609|10MAY01 |01JUNO1 |DTH Wﬁltemate Sorbent Evaluation- Complete Analysis
[
WAMST17090 24 609|04JUNO1 |06JULO1 DTH WDraft Report - Alternate Sorbent Evaluation
|
WAMST17100 5 609/09JULO1  |13JULO1 |DTH Alternate Sorbent Evaluation- Team Review Report]
-
WAMST17110 5 609|09JULO1  |13JULO1 |DTH Alternate Sorbent Evaluation - DOE Review Report]
[
WAMST17120 5 609|/16JULO1  |20JULO1 DTH Alternate Sorbent Evaluation - Resolve comments
[}
WAMST17130 0 609 20JUL01 DTH Alternate Sorbent Evaluate- Approve Final Report
|
*
Evaluate Alternate Sorbents & Technologies
WAMST16000 220* 555|180CT00A [050CT01 |DTH Identify| Aiternate Sorbents & Technologies <HA>
|
WAMST16010 12* 555|180CTO00A |[07DEC00 |DTH Develop @learfield Consulting Subcontract
i- -
WAMST16050 0 555 07DEC00 |DTH VAward Clearfield Consulting Subcontract
|
*
WAMST16052 10* 765|03NOVO0A |[05DEC00 |DTH Pr e Task Plan - Alternate Sorbent Testing
I
WAMST16054 0 765 05DEC00 |DTH \Issue Task Plan on Alternate Sorbent Testing
a1y Y Y
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Activity Work | Float Early Early Lead EYOL EY02
ID Days Wk Days|  Start Finish ocT [ Nov | DEC | JAN [ FEB [MAR [ APR [ MAY [ JUN | JuL [AUG [ SEP | ocT | Nov [ DEC
WAMST16060 66 555|08DEC0O0 |15MARO01 |DTH i \‘Provide Initial Sorben‘ts for Testing
WAMST16070 107 555|16MARO1 |16AUGO1 |DTH \‘Complete Initial Screening Test on Sorbents
WAMST16080 11 555|17AUG01 |31AUGO01 |DTH Complete Analysis of Alternate Sorbents
[ |
WAMST16090 14 555|04SEPO01 |21SEP01 |DTH Draft Re?ort Alternate Sorbents
[
WAMST16110 5 555|24SEPO1 |28SEP01 |DTH Team Review Report - Alternate Sorbents|
[
WAMST16120 5 555|24SEPO1 |28SEP01 |DTH DOE Review Report- Alternate Sorbents|
[
WAMST16130 5 555/010CT01 |050CT01 |DTH Resolve comments - Alternate Sorbents|
[}
WAMST16140 0 555 050CT01 |DTH Approve Final Report + Alternate Sorbents
|
*
MST Filtration and Settling
Filteration Studies - General Planning
WACST600 48* 45|/19NOV99A |31JANO1 MRP 6.0 Enginegrilhg Filtration Studies <HA>
—
-
FRED Testing (FY 2000)
WAMST623 20* 755|24JANOOA |[19DEC00 |MRP  |Cross-flowFilter Optimization FRED Testing <HA>
—
(Prof . van [ 1 ht)
WAMST623G5 4 755|170CTO00A [27NOV00 |MRP Team CCj ment - Cross-flow Filtr. FRED (2cd Draft
L]
WAMST623G6 0* 170CTO0A |03NOVOOA |JWM \DOE Cdminent -Cross-flow Filtr. FRED (2cd Draft)
L]
WAMST623G7 14 755|28NOV00 |15DEC00 |MRP ﬁolve Comment - Cross-flow Filtr. FRED (2cd Dr
1
WAMST623G8 2 755[18DEC00 |[19DEC00 |MRP hPrepare Final Report - Cross-flow Filtr. FRED
[ ]
WAMST623H 0 755 19DECO00 |KJR \Cross-flow Filtr. FRED - Approve Report
|
*
Means to Improve Filter Flux
WAMST62 48* 45|24JANOOA |31JANO1 MRP Improve Filtrgtion Rates & Flows <HA>
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Activity Work | Float Early Early Lead EYOL £702
1D Days Wk Days|  Start Finish ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AUG | sEP [ ocT [NOV [ DEC
WAMST621E 0 06SEPOOA |09NOVOOA |[MRP  [Filter Aid/Hlodculant Tests-Dead-end Filtr Tests A
| —
WAMST621G 0 310CTO00A MRP YAddftile Testing - Cross Flow Filter Test Req'd?
|
*
WAMST621J 15 44|27NOV00* |15DEC00 |MRP \f dditive Testing - Cross Flow Filter
|
WAMST621L 10 44118DEC0O0 |03JANO1 |MRP Wﬁdditive Testing - Filtration Draft Report
[
WAMST621N2 8 35/04JANO1  [17JANO1  [KJR Vjeam Comment - Additive Testing
L
WAMST621N3 10 45/04JANO1  |17JANO1  |JWM DOE Comment - Additive Testing
L
WAMST621N4 5 45/18JANO1  |24JANO1 |MJB Eesolve Comment - Additive Testing
[ ]
WAMST621N5 5 45|25JANO1  |31JANO1 |WRW Eepare Final Report - Additive Testing
[}
WAMST621P 0 45 31JANO1 |KJR VAdditive Testing - Approve Report
|
*
WAMST621R 5 722|01FEBO1 |07FEBO1 |MRP Additive Testing - Dispose of Waste
[
FRED Test Phase | - Pilot Filtration
WAMST23000 98* 677|01AUGO0A [12APR01 |[MRP  [Pilot Filtra§o§ Tests (FRED) <HA>
|
WAMST23010 0 01AUGOOA |08NOVOOA |MRP DeveloiC nyact - Phase | FRED Testing
|
WAMST23030 0 08NOVOOA |MRP \PHage | Testing (FRED) - Award Contract
| I
Sdhefule to be confirmed after contract award
*
WAMST23040 63 692(20NOV0O0 |22FEBO1 |MRP Prbcure LASENTEC Unit
WAMST23042 15 692|23FEBO1 |15MARO1 |MRP Tnstall LASENTEC Unit
Exact Dates To Be Determined
[
WAMST23044 5 692(16MARO1 |22MARO1 |MRP ﬁonduct Shakedown Test
[ |
WAMST23060 0* 160CTO00A |310CTO0A |JWM FRED Tled - DOE Review Test Plan
[ ]
vy
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Activity Work | Float Early Early Lead EYOL EY02
ID Days Wk Days|  Start Finish oCT | NoV | DEC [ JAN [FEB [ MAR [ APR [ MAY [ JUN [ JUL [AUG [ SEP | OCT [ NOV | DEC
WAMST23070 0 160CTO0OA |08NOVOOA |KJR FRED Team Review Test Plan A
[ ]
WAMST23080 0 07NOVO0A |14NOVO00OA |[MRP \FHEN Test - Revise Test Plan
-
WAMST23090 0 14NOVO0A [KJR VARED Test - Approve Test Plan
|
*
WAMST23100 32 677|20NOV0O0 |09JANO1 MRP ) | zting with Tank 8 Sludge
Ude Archived Sample ?
|
WAMST23110 21 677|10JANO1* |07FEBO1 MRP WTeSting with Tank 40 H Sludge
[ |
WAMST23120 25 677|08FEBO1 15MARO1 |MRP \FRED Test Phase | - Develop Report
[ ]
WAMST23130 10 677|16MARO1 |29MARO1 |KJR ﬁED Test Phase | Team Review Report
[
WAMST23140 10 677|16MARO1 |29MARO1 |JWM ﬁED Test Phase | - DOE Review Report
[
WAMST23150 10 677|30MARO1 [12APR01 |MRP ﬁED Test Phase | Resolve comments
]
WAMST23160 0 677 12APR0O1 |KJR \FRED Test Phase | - Approve Final Report
|
*
FRED Test Phase Il - Flocculent
WAMST23500 173* 572|08JANO1 12SEPO1 |MRP ‘FRED Test - Phase Il - Flocculant Tests <HA>
A
WAMST23510 46 572|08JANO1* |13MARO1 |MRP Develo? Contract - Phase Il FRED Testing
|
WAMST23520 0 572 13MARO1 |MRP YPhase Il Testing (FRED) - Award Contract
Phase Il Testing to include Flocculant Testing
*
WAMST23530 34 572|14MAR0O1 |01MAY01 |MRP WFRED Test - Phase Il - Flocculant Tests
|
WAMST23532 24 572|02MAY01 |05JUNO1 |MRP WFRED Test - Bench Scale Studies (Turbulence)
|
WAMST23534 39 572|06JUNO1 |31JULO1 MRP WFRED Test - Sludge Washing
|
WAMST23540 15 572|01AUG01 |21AUG01 |MRP FRED Flocculant Test - Develop Report]
[ |
\ J r v

Sheet 9 of 77



Activity Work | Float Early Early Lead EYOL £702
ID Days’ WiiDays = start Al ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AuG | sEP [ ocT [Nov [ DEC
WAMST23550 10 572|22AUGO01 |05SEPO1 |KJR i FRED Flocculant Test- Team Review Report
]
WAMST23560 10 572|22AUG01 |05SEPO1  |JWM FRED Flocculant Test - DOE Review Report]
]
WAMST23570 5 572|06SEP01 |12SEP01 |MRP FRED Flocculant Test Resolve comments|
[ |
WAMST23580 0 572 12SEPO1 |KJR FRED Test - Approve Flocculant Report -Phase I
ﬂ
*
Real Waste Filter Testing
WAMST6400 94* -1|25SEPQO0A |06APR01 |MRP  [Real Wastd Tlsts at CUF <HA>
WAMST6401 o* 25SEPOOA |09NOVOO0A |JTC Prepare Tgsk}initiation Documents <HA>
| I—
WAMST6403 0 25SEPOOA |230CTO0A |JTC  [Perform Fdadlbility Study
| I—
WAMST6405 0 230CTO00A |250CT00A |JTC gsvel pjwrite TTR for Real Waste Design/Testing
[ ]
WAMST6409 0 160CTO0A |09NOVOOA |MRP Reviewl/Abprove TTP for Real Wst Design/Testing
[ |
WAMST6411 0 09NOVOOA |MRP \Isu TTP for Real Wst Design/Testing
|
*
WAMST6415 o* 090CTOOA |300CTO0A |MRP Obtain ReafWaste Sample
(Use Arctiivdd Material Located in Cell)
|
WAMST6417 15 38/20NOV0O0 |12DECO0 |MRP Chlaracterize Real Waste Sample
[
WAMST6419 0 06NOVOOA |KJR \Degigion Point for CUF
|
(Uge Existing)
*
WAMST6421 41* 7|20NOV00 |22JANO1  |LC Ddvelop Design Input <HA>
|
WAMST6423 5 8/20NOV00 |28NOV00 |JTC Dj-velor)/Prod ce TRAC/PMT for Design Input
[ ]
WAMST6425 5 8/29NOV00 |05DEC00 |JTC ﬁeview TRAC/PMT for Design Input
[ ]
WAMST6427 5 8|06DECO0 |12DECO00 |JTC Incorp Comments to TRAC/PMT for Design Input
[ ]
Y vy
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Activity Work | Float Early Early Lead EYOL £702
D Days Wk Days| Start Finish ocT [ Nov [ bEC [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AUG | sEP [ ocT [Nov [ DEC
WAMST6429 5 8|13DEC00 |19DECO0 |JTC i \IDssue TRAC/PMTfor Design Output
WAMST6431 9 6|20DECO0 |09JANO1 |LC 1Develop/Produce Design/DCF for CUF Test
—
WAMST6433 5 6|10JANO1 17JANO1 LC Eeview/Approve Design/DCF for CUF Test
[}
WAMST6435 2 6[18JANO1 [22JANO1 |LC Epprove Design/DCF for CUF Test
1
WAMST6437 0 6 22JANO1 |LC \Issue Design/DCF for CUF Test
\
L 2
WAMST6439 20 709|23JANO1  [20FEBO01 |MRP \Procure Equipment - CUF Testing
Decision has been taken to use existing
CUF for Real Waste Testing. Fabrication no
longer a restriction to downselect. SCIF Pending
I
WAMST6441 9 709|14FEBO1 |27FEB01 |MRP rj’:lbrication - CUF Testing
WAMST6443 2 -1/08FEB01* |09FEBO1 |MRP Perform Fabrication Checkout & Water Run
[}
WAMST6445 5 7[23JANO1  |29JANO1 |MRP \Develop/Write Work Aid
]
WAMST6446 0 7 22JANO1 MRP Decision to perform test run w/ Flocculant added
\
L 2
WAMST6447 2 7|30JANO1  |31JANO1 |MRP \Issue Operator Training Package
[ ]
WAMST6449 20 -1/11JANO1 |O7FEBO1 |MRP Conduct of R&D Checklist
(EEC, USQS, JHA, etc).
I
WAMST6451 2 -1|08FEBO1 |09FEBO1 |MRP Perform Readiness Review - CUF Testing
[}
WAMST6453 1 -1|12FEB01 |12FEB01 |MRP hResolve Readiness Review Issues
1
WAMST6455 3 -1|08FEBO1 |12FEBO1 |MRP \Prepare Hot Cell for Installation
[ ]
WAMST6457 5 -1|09FEBO1 |15FEBO1 |MRP %repare Sample for testing
[ |
WAMST6459 3 -1/16FEBO1 |21FEBO1 |MRP Perform DSC/ Rheology analysis

Wy vy Vv
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Activity Work | Float Early Early Lead EYOL EY02
D Days’ WiiDays = start Al ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AUG | sEP [ ocT [ Nov [ DEC
WAMST6461 3 -1/13FEBO1 |15FEBO1 |MRP i \Install Equipment into Hot Cell
]
WAMST6463 3 -1/16FEBO1 |21FEBO1 |MRP ‘gepare Equipment for Active Test Run
[ ]
WAMST6465 14 -1/22FEBO1 |07MARO1 |MRP %form Active Test Run
|
WAMST6467 10 -1/08MARO1 |21MARO1 |MRP %alyze Samples
]
WAMST6469 10 676|02APR0O1 |16APR0O1 |MRP WDiSpose of Waste Samples
A

[

WAMST6471 9 -1/13MARO1 |23MARO1 |MRP 1Develop/Issue Draft Report - Hot Cell Testin
[ |
WAMST6473 5 -1]126MARO1 |30MARO1 |JWM EDOE Comment Report - Hot Cell Testing
[ |
WAMST6474 5 -1/26MAR0O1 |30MAR01 |JTC Tal'eam Comment Report - Hot Cell Testing
[ |

WAMST6475 2 -1/{02APR0O1 |03APRO1 |MRP hResolve Comments - Hot Cell Testing

u
WAMST6477 3 -1/04APR01 |06APR0O1 |MRP hPrepare Final Report - Hot Cell Testing

]
WAMST6479 0 -1 06APR0O1 |KJR VApprove Final Report - Hot Cell Testing

*
Alternatives to Solid/Liquid Separation Testing
Test High Shear Filtration
WAMST19000 65* 710|180CTO00OA |26FEBO1 |MRP Test HilghiShear Filtration <HA>

|
WAMST19010 5* 710|180CTO0A |28NOV0O0 |MRP Develop @ontract - High Shear Filtration Test
—
WAMST19020 0 710 28NOV00 |MRP Wward Contract - High Shear Filtration Testing
|
<
WAMST19030 11 710{29NOV0O0 |13DECO0 |MRP W]?repare Samples for Testing
[ ]
WAMST19040 24 710/14DEC0O0 |19JANO1 MRP WVendor Testing
A J A J
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Activity Work | Float Early Early Lead EYOL EY02
ID Days Wk Days|  Start Finish oct [Nov | DEC [ JAN [FEB [MAR [ APR [MAY [ JUN [ JuL [AUG [ SEP | OCT [NOV [ DEC
WAMST19050 0 743|10JANO1 MRP i ‘Ob‘SEFVE Vendor Test A
|
Exact Date To Be Determined
* |
WAMST19090 15 710|22JANO1 09FEBO1 MRP \Vendor Prepare Draft Report
[ |
WAMST19100 5 710|12FEBO1 |16FEBO1 |KJR ﬁeam Review Report - High Shear Filtration Test
[
WAMST19110 5 710|12FEBO1 |16FEBO1 |JWM hDOE Review Report - High Shear Filtration Test
[
WAMST19120 5 710|20FEBO1 |26FEB0O1 |MRP Eesolve comments - High Shear Filtration Test
[
WAMST19130 0 710 26FEBO1 |MRP VApprove Vendor Report - High Shear Filtration
|
<
Test Alternate Separation Tech - Centrifuge
WAMST20000 127* 648|180CTO0A |24MAY01 |MRP MST Cgn¥ifuge Tests <HA>
|
WAMST20010 40* 648|180CTO00A [19JANO1 |MRP Preparf Qubcontract-Lease Centrifuge For Testing
WAMST20020 0 648 19JANO1 |MRP VAward Contract- Centrifuge Lease
|
R
WAMST20023 51 648|22JANO1 03APR0O1 |MRP \Lease Centrifuge For Testing
|
WAMST20030 35 648|15FEBO1 |05APR01 |MRP Wpre?are Site Samples for Testing
|
WAMST20040 13 648|06APR0O1 |25APR01 |MRP Perform Centrifuge Testing
[
WAMST20050 5 664|26APR01 |02MAY01 |MRP ﬁemrn Centrifuge to Vendor
[ |
WAMST20060 11 648|26APR01 |10MAY01 |MRP Draft Report - Centrifuge Test
[
WAMST20070 5 648|11MAY01 |17MAY01 |KJR [Team Review Report - Centrifuge Test
[ |
WAMST20080 5 648|11MAY01 |17MAY01 |JWM DOE Review Report - Centrifuge Test
[ |
WAMST20090 5 648|18MAY01 |24MAY01 |MRP Eesolve comments - Centrifuge Test
[}
A J \
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Activity Work | Float Early Early Lead EYOL EY02

D Days’ WiiDays = start Al ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AUG | sEP [ ocT [Nov [ DEC

WAMST20100 0 648 24MAY01 |MRP i VApprove Vendor Report - Centrifuge Test
|
*
Alternate Separation Tech - Improve Filtration
WAMST21000 236* 539|300CTO00A |290CT01 |MRP Invegtifjate Alternatives Improve Filtration <HA>
‘—
A
WAMST21010 19* 539|300CTO00A |18DECO0 |MRP Pre%r g‘)ntract - University Testing
|
WAMST21020 0 539 18DEC00 |MRP VAward Contract- University Testing
|
(g
WAMST21030 96 539(/19DEC00 |08MAYO1l |MRP V‘Universitv Testing - Role of Alternatives
WAMST21040 5 539|27MARO1 |02APR01 |MRP \University-Additive Development Recommendations
WAMST21050 5 539|03APR01 |09APRO1 |MRP Eeam - Develop Path Forward
[}
WAMST21060 0 539 09APR0O1 |MRP \Decision to Proceed
|
L 2
WAMST21065 29 539|10APR0O1 |21MAY01 |MRP WUniveriSity Define Material for Additional Eval
I
WAMST21070 28 539|22MAY01 |29JUNO1 |MRP WUniveriSity Draft Report - Filtration Additives
|
WAMST21080 12 603|02JULO1 18JULO1 KJR Team Review Report - Filtration Additives
[ |
WAMST21090 12 603|02JULO1 18JULO1 JWM DOE Review Report - Filtration Additives|
[ |
WAMST21100 8 603/19JULO1  |30JULO1 MRP Resolve comments - Filtration Additives
[ |
WAMST21110 0 603 30JULO1 MRP Approve Vendor Report - Filtration Additives|
|
L 2
WAMST21210 78 539|22MAY01 |11SEP01 |MRP !‘Perform Filtration / Settling Tests
WAMST21220 20 539|12SEP01 |090CT01 |MRP Univerisity Draft Report - Chemical Additives
[ |
WAMST21230 9 539|100CT01 |220CT01 |MRP Team Review Report - Chemical Additives
[ |
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Activity Work | Float Early Early Lead EYOL EY02
ID Days Wk Days|  Start Finish ocT [ Nov | DEC | JAN [ FEB [MAR [ APR [ MAY [ JUN | JuL [AUG [ SEP | ocT | Nov [ DEC
WAMST21240 9 539|/100CT01 |220CT01 |MRP i DOE Review Report -Chemical Additives
[ |
WAMST21250 5 539|230CT01 |290CT01 |MRP Resolve comments - Chemical Additives
[ ]
WAMST21260 0 539 290CT01 |MRP Approve University Report - Chemical Additives|
|
<
MST Settle Decant Testing
WAMST22000 145* 630|250CT0O0A |20JUNO1 |MRP MST §Skttle / Decant Testing <HA>
|
WAMST22010 17* 630|250CTO0A |14DECO0 |MRP PFOCEFQDead End Filter
|
WAMST22040 45 630|15DEC00 |21FEBO1 |MRP \Dead End Filter - Vendor Fabricate & Deliver
|
WAMST22110 6 646|08JANO1* |15JANO1 MRP ﬁST Settle/Decant - Draft Task Plan
|
WAMST22120 5 734|16JANO1  |22JANO1 |JWM T\]/IST Settle/Decant- DOE Review Task Plan
[ |
WAMST22130 5 646|16JANO1 |22JANO1 |KJR MST Settle/Decant- Team Review Task Plan
WAMST22140 5 646|23JANO1 29JANO1 MRP “\D/IST Settle/Decant- Revise Task Plan
[
WAMST22150 0 646 29JANO1 |KJR WMST Settle/Decant- Approve Task Plan
|
*
WAMST22210 44 630|22FEBO1 |25APR01 |MRP WMST Settle / Decant - Conduct Tests
NB TFA PEG has this date in
SRO1WT21 as 15 Feb 01
|
WAMST22220 10 630|26APR0O1 |09MAY01 |MRP ET Settle Decant- Complete Analysis
[
WAMST22410 19 630|10MAY01 |06JUNO1 |MRP WDraft Report - MST Settle Decant
[ |
WAMST22420 0 630{07JUNO1 |06JUNO1 |KJIR WMST Settle Decant- Team Review Report
|
WAMST22430 5 630{07JUNO1 |13JUNO1 |JWM T\]/IST Settle Decant - DOE Review Report
[ |
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Activity Work | Float Early Early Lead EYOL EY02
D Days’ WiiDays = start Al ocT [ Nov [ bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AUG | sEP [ ocT [Nov [ DEC
WAMST22440 5 630{14JUNO1 |20JUNO1 |MRP i MST Settle Decant- Resolve comments
[
WAMST22490 0 630 20JUNO1 |MRP \MST Settle Decant - Approve Final Report
|
NB TFA PEG in SRO1WT21 has this date
as 19 Feb 01
*
On Line Monitor
WASDMO0000 291* 326|040CT99A |09MAY02 |KJIR On Line Filfrate Effluent Radiation Monitor <HA>
—
WASDMO00320 0* 18SEPOOA [310CTOOA |LC Monitor - Recgive bid
Three Resgbnges have been received
|
WASDMO00322 4* 323|/020CTO00A [28NOV00 |LC liIndepends 1t‘ Fechnical AssessmentDevelop Contract
|
WASDMO00324 0 323 28NOV00 |[LC \lhdependent Technical Assessment- Award Contract
|
L 2
WASDMO00326 13 323|29NOV00 |20DEC00 |LC W]?erform Independent Technical Assessment
Fxact timing to be determined by contract award
— ‘
WASDMO00327 18 323|21DECO0 |[25JANO1 |LC Provide Recommendation Letter
L
WASDMO00328 0 323 25JANO1 LC \Decision - Implement Procurement Recommendation
L 2
WASDMO00330 35* 323|300CTO0A [25JANO1 |LC Monjtof - En?. Comrlete technical eval.
Durgfiop extended to match reviewer availablity
[
WASDMO00340 0 323 25JANO1 |LC WMonitor - Eng. recommendation to procurement
L 2
WASDMO00350 15 408|26JANO1 |15FEBO1 |LC WMonitor - Procurement finalize commercial terms
[ |
WASDMO00360 0 323|20FEBO1 LC Wonitor - Award Purchase Order
|
’ ’7
WASDMO00370 75 408|16FEBO1 |05JUNO1 |LC V‘Monitor - Vendor Complete Design
WASDMO00380 18 324|06JUNO1 |09JULO1 |LC WMonitor Team Review Vendor Design
I
WASDMO00390 18 408|10JULO1 02AUGO01 |LC Monitor - Vendor Incorporates Comments
[
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Activity Work | Float Early Early Lead EYOL £702
ID Days |Wk Days|  Start Finish OCT | NOV | DEC | JAN | FEB [ MAR | APR [ MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC
WASDMO00400 0 323|06AUGO1 LC i Monitor - Release for Fabrication|
|
*
WASDMO00410 162 408|03AUGO01 |27MAR02 |LC \‘Monitor - Fabrication of Monitors
WASDMO00420 24 408|28MAR02 |01IMAY02 |LC
WASDMO00430 0 408|02MAY02 LC
WASDMO00440 6 408|02MAY02 |09MAY02 |LC
CST Non-Elutable lon Exchange
CST - Refinement of the Model
CST Influence on Carbonate, Oxalate, & Peroxide
WACST52 51* 42|03JANOOA |0O5FEBO1 |FF AlkEarth Metdls, Carbonate, Oxalate & Perox <HA>
o @000
WACST5201P 11 764|31JULOOA |06DECO0 |FF Alk.Earth Njetlals Sorption - Dispose of Waste
|
A
WACST5201R 0 11SEPOOA |250CTO00A |FF Alk.Earth Nlefals - Draft Report
Extended tq pgrform Ba Testing and incorp result
WACST5201S 0* 260CTO0A |06NOVOOA |FF Yrean]Rpview - Alk Earth Metal Report
WACST5201T 0 260CTO0A |07NOVOOA |FF DOE Reyiew - Alk Earth Metal Report
WACST5201U 2 91|07NOVOOA |21INOVO0 |FF |§.Hprth Metals - Incorporate Comments toReport
WACST5201W 0 91 2INOVO0 |KJR Ak .Earth Metals - Approve Report
WACST5202E 0 12SEPOOA |300CTO00A |FF Anthony - I)r]ft Report
Returned fdf ifjcorporation of comments
WACST5202F 1* 33|300CTO0A |20NOV0O0 |FF Tearh omment - Anthony Report
WACST5202G 0 300CTOOA |10NOVOOA |FF iDOF.C mment - Anthony Report
WACST5202K 0 42 20NOV00 |KJR Abprove Anthony Report
i i A J A J
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Activity Work | Float Early Early Lead EYOL £702
ID Days Wk Days|  Start Finish ocT [ Nov | DEC | JAN [ FEB [MAR [ APR [ MAY [ JUN | JuL [ AUG [ SEP | ocT | Nov [ DEC
WACST5203G 0 43 17NOV00 |KJR A Cabonate,Oxalate,Peroxide- Approve Report
L 2
WACST522 50 42|21NOV0O0 |05FEBO1 |FF dify Coefficier‘lts for ZAM Model
[DRTES To Be Determined]
IS§IF Pending
CST - Alternative Column Design
Alternative CST Column Design Studies
WACOLO0000 124* 651|30AUGO00A |21MAY01 |LC CST Alternfatd Column Study <HA>
—
IAdded via JCH 04 Oct 2000
WACOL1020 0 30AUGO0A |13NOVO00A |RTJ Arrange & Adprove Baseline Documents for Release
(ADC/RO, Tl
|
WACOL1100 40* 668|21SEPOOA [19JANO1 |LC ICST Alt Cauihn - Bechtel Consultant Support (LOE
—
WACOL1230 0 21SEPOOA [310CTO00A [LC ICST Alt Calumhn - Develop Technical Task Plan
]
WACOL1240 0 06NOVO0A LC \Cr Alt Column - Approve Technical Task Plan
|
&
WACOL1250 o* 160CTO00A |01NOVOOA |LC Mobilizg Qalculation Experts
[
WACOL1260 o* 050CTO00A |06NOVO0OA |[MRP Alt Columih {Define Types of lon Exchange Column
[
WACOL1300 32* 731|310CTO0A |09JANO1 MRP Fixefl fed Alternative <HA>
\—
A
WACOL1310 0 310CTO00A |14NOVO0A |KJIR Fixefl Bed - Team Brainstorming
[
WACOL1320 0 15NOVOOA |20NOVOOA |LC ﬁx d Bed - Assess Facility Impact
I i
WACOL1330 9 731|20NOV0O0 |04DECO0 |JTC Filed Bed - Process Flowsheet Improvements
I
WACOL1340 23 731|05DEC00 |09JANO1 |JTC I\Fixed Bed Alternative - Prepare Recommendation
[ |
WACOL1350 17* 696 |050CTO0A |14DEC00 |MRP Fixed Bed- Adiabatic Heat Transfer Calcs <HA>
\—
A
I
WACOL1360 0 050CTO0A |07NOVOO0A |JTC CST Alt CplUmn - Define Column Configuration
|
\ A J Yy A J Yvy
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Activity Work | Float Early Early Lead

- FY01 EY02
1D Days Wk Days|  Start Finish ocT [ Nov [ bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AuG | sEP [ ocT [Nov [ DEC
WACOL1370 0 050CTO0A |07NOVOO0A |JTC 1CST Alt Cpldmn - Define Operating Condition A
[ |
WACOL1380 12* 696|310CTO0A |[07DEC0O0 |SYL \CSTJAK Column Fixed Bed - Perform Calculations

WACOL1390 5 696 |08DEC0O0 |14DEC00 |MRP ﬁST Alt Column Fixed Bed - Report Calc Results
B
WACOL1400 72% 651|050CT00A |07MARO1 |MRP CST Alt Chbl{Industrial Expert Consultants <HA>
‘—
WACOL1430 5 651|15DEC00* |21DEC00 |MRP CST Alt Column - Develop Purchase Requisition
[ |
WACOL1440 0 651|22DEC00 MRP \CST Alt Column - Award Consulting Contracts
|
L 2
WACOL1450 50 651|22DEC00 |07MARO1 |MRP Fluidized Bed - Consultant Develop Report

WACOL1452 4 672|31JANO1 |05FEBO1 |MRP \Fluidized Bed - Consultant's Interim Report
B
WACOL1460 50 651|22DEC0O0 |[07MARO1 |MRP Moving Bed - Consultant Develop Report
WACOL1462 4 672|31JANO1 |05FEBO1 |MRP Woving Bed - Consultant's Interim Report
B
WACOL1470 50 651|22DEC00 |07MARO1 |MRP WCST Alt Column - Team Support to Consultant
WACOL1490 0 651 07MARO1 |KJR \CST Alt Column - Approve Consultant Reports
|
L 2
WACOL1510 3 651|08MARO1 [12MARO1 |LC ﬁcreen & Choose Options for Further Evaluation
[ ]
WACOL1520 0 651 12MARO1 |KJR \Evaluate Feasibility of Proof of Concept Testing
L 2
WACOL1530 32 651|13MARO1 [26APR0O1 |JTC Elternate Column Evaluation

Consider Remotability, Process Flow Diagrams
Heat Transfer, Process Hazards, etc

|
WACOL1600 50* 696|15DEC00 |28FEBO1 |MRP CST Alt Column - Heat Transfer Evaluation <HA>
WACOL1610 20 696|15DEC00 |16JANO1 |MRP WHeat Transfer - Define Column Configuration
I
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Activity Work | Float Early Early Lead EYOL EY02
D Days’ WiiDays = start Al ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AUG | sEP [ ocT [Nov [ DEC
WACOL1620 15 696|17JANO1 |06FEBO1 |MRP A \Heat Transfer - Define Operating Conditions
[ |
WACOL1630 15 696|07FEBO1 |28FEBO1 |MRP \Heat Transfer - Define Deliverables
[ |
WACOL1640 0 696 28FEBO01 |KJR Heat Transfer - Team Approve Study
L 2
WACOL1700 32 651|13MARO1 |26APR01 |KJR WCST Alternate Column - Preliminary Analysis
|
WACOL1710 5 651|27APR0O1 |03MAY01 |MRP ﬁST Alternate Column - Final Evaluation
[ |
WACOL1800 12* 651/04MAY01 |21MAY01 |MRP CST Alt Col- Report & Recomendation <HA>
[ |
WACOL1810 5 651|04MAY01 |10MAY0l1 |MRP EST Alt Column - Draft Report & Recomendation
[
WACOL1820 5 651|11MAY01 |17MAY01 |KJR ﬁST Alt Column - Team Review Draft Report
[
WACOL1830 5 651|11MAY01 |17MAY01 |JWM ﬁST Alt Column - DOE Review Draft Report
|
WACOL1840 2 651|18MAY01 |21MAY01 |MRP ﬁ:ST Alt Column - Incorporate Comments
[ ]
WACOL1890 0 651 21IMAY01 |KJR ICST Alt Column - Approve Report
Ties to Technl & Programmatic Risk Assessment -
*
CST - Alternative PreTreatment of IE-911
SRS & ORNL - Results on Leaching
WACST2345 0 05SEPOOA |200CTO0A |DW Analize Prcps/Solutions - Plugging Process
| —
WACST2350 5! 69|200CTO0A |28NOV0O0 |DW ineEa:F relim Report - Plugging Process
I
WACST2350A 0 69 28NOV00 |DW W¥sue Draft Report - Plugging Process
|
OE HQ Milestone per TTP ALO1WT21
| 2
WACST2350B 8 54|29NOV00 |12DECO0 |KJR eam Comment - Plugging Process
WACST2350C 8 70/29NOV00 |08DECO0 |JWM OE Comment - Plugging Process
1 i Y
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Activity Work | Float Early Early Lead EYOL EY02
1D Days Wk Days| Start Finish ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AuG [ sEP [ ocT [Nov [ DEC
WACST2350D 10 68|13DECO0 |28DEC0O0 |DW A Resolve Comment - Plugging Process
|
WACST2350F 0 68 28DEC00 |KJR \Approve Report - Plugging Process
\
L 2
WACST2355 59*% 25|09AUGO00A |15FEB0O1 |DW PM1 PreciP rate Qual- Kinetics of Precipitation
WACST2356 59* 25|16AUGO00A |15FEB0O1 |DW Develop G@ngral Stability Model & Draft Report
—
WACST2358 0 25 15FEBO1 |DW \Issue Report on General Model of Stability
\
(Jim Krunhansl)
Study of when PM1 and aluminosilicate
start precipitating, pH dependance of precipitat
L 2
WACST2358A 8 19|20FEB01 |05MARO1 |KJR \Team Comment - General Model of Stability
[
WACST2358B 8 25|20FEBO1 |01MARO1 |JWM %OE Comment - General Model of Stability
|
WACST2358C 10 23|20FEBO1 |05MARO1 |DW Resolve Comment - General Model of Stability
[
WACST2358D 0 23 05MARO1 |KJR YApprove Report - General Model of Stability
|
L 2
WACST2390B 89* 656 |020CTO00A |30MARO1 |DW Confirm mePretreatment Process & D‘raft Report
WACST2390C 20 656|02APR0O1 |30APRO1 |DW Tssue Draft Report - Confirm. New Pretreatment
[ |
WACST2390D 8 522|01IMAY01 [14MAY01 |KJR Team Comment - New Pretreatment Process
|
WACST2390E 10 656 01IMAY01 |[14MAY01 |JWM DOE Comment - New Pretreatment Process
|
WACST2390F 10 656 01IMAY01 |14MAY01 |DW RDesolve Comment - New Pretreatment Process
|
WACST2390G 0 656 14MAY01 |KJR VApprove Report - New Pretreatment Process
|
*
CST - Stability
CST Stability - Long Term Exposure
WAORNL2201 0* 010CT99A |03NOVOOA |TK CST Stabilgyfand Cs Leaching <HA>
Y
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Activity Work | Float Early Early Lead EYOL £702
o Days Wk Days|  Start Finish ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AUG | sEP [ ocT [Nov [ DEC
WAORNL2211 57* 732|010CT99A |07FEBO1  |TK CST Batch|St|ibiIity Leaching Long Term Test <HA>
|
WAORNL2212 57% 732|010CT99A |07FEBO1 |TK Continue I§nd-term CST stability test
— ‘
TTP RequifsfL2 Month Contact Time for CST Batch
Testing andlCplumn Testing.
WAORNL2216 57* 732|09FEBOOA |07FEBO1 |TK Long-termjpaich leaching tests with average simu
WAORNL2218 57* 732|010CT99A |07FEBO1 |TK ISampling dnd analytical for batch tests.
—
WAORNL2219 57* 732|12JANOOA |07FEBO1 |TK Long TermiFlpw Through Column Studies <HA>
|
WAORNL2222 57* 41|09FEBOOA |07FEB01 |TK Perform cquinn tests using NaOH/nitrate solution
|
WAORNL2223 57* 732|14FEBOOA |07FEBO1 |TK Sampling dnd analytical for column tests.
WAORNL2225 o* 010CT99A |06NOVOOA |TK Data Colledtign and Reporting <HA>
|
WAORNL2226 57* 4|010CT99A |07FEBO1 |TK Data Collegtidn and Evaluation
d
WAORNL2231 0* 060CTO0A |06NOVOO0A |TK ddress goiments and finalize interim report
|
WAORNL2233 0* 200CTO0A |01NOVOOA |JWM DOE Cprgment - CST Stability
[
WAORNL2234 0 01NOVOOA |03NOVOOA | TK ;ss Ife Comment - CST Stability Report
—
WAORNL2236 0 03NOVO0A | TK \Iss@elnterim Report on CST Stability
l 1
DO HQ C3-2 Milestone |
7S |
WAORNL2237 0 720 23FEB01* |TK *Milestone A.1.1-1 Complete FY 00 Test Scope
Document Completion of CST Chemical Stability
Testing for Tests initiated in FY99 and FY 00
*
CST Thermal Stability Issues (ORNL)
WAORN2301 237* 552|020CT00A [170CT01 |TK CST Stabillty] Leaching - FY 2001 <HA>
‘_
Iork Scoplz atrix HLW SDT99-0354, Task 2.2.1
|
WAORN2302 63* 726|020CTO00A |15FEBO1 |TK CST BatchjEQuilibrium Test for New UOP Sampl<HA>
[(Matrix Task 42.1.1) |
| ! Y Y
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Activity Work | Float Early Early Lead EYOL EY02
o Days Wk Days| Start Finish ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AuG | sEP [ ocT [Nov [ DEC
WAORN2303 5* 565|020CT00A [27NOV00 |TK [Develo &IFsfe Test Plan-FY01 CST Stability Test
|
WAORN2304 0 200CTO00A | TK Receiyle New UOP CST Reference Sample for Testing
|
WAORN2305 5* 739|14NOVOOA [27NOV00 |TK Eﬁnare Equipment & Condition Samples
[ |
WAORN2306 45 739|28NOV00 [29JANO1 |TK ST Batch E ui‘lit‘)rium Tests - New UOP CST Sample
our Solutions at Temperatures
etween 25 and 80 deg C.
|
1
WAORN2307 0 567 15DECO00* |TK Recieve Sample of Improved CST from UOP
L 2
WAORN2308 45 726|15DECO00 |15FEB01 |TK WCondition Imj]roved CST Sample, Conduct Test
Batch Equilibrium Tests - Four Solutions
@ 25t080C.
——
|
WAORN2309 210* 553|28NOV0O0 |17SEPO1 |TK ong Term Batch Testing - New UOP Samples <HA>
WAORN2310 15 566|28NOV00 |18DEC00 |TK Tlﬂare Equipment, Condition New UOP Reference
ondition Reference Samples for Long Term Batch
ests
— ‘
WAORN2311 119 566|19DEC00 |01JUNO1 |TK \‘New Start, Long Term Batch Test with UOP Ref Sam
Use UOP Refernce Samples
Four Solutions @ 25 to 80 C.
WAORN2312 119 650[19DEC00 |01JUNO1 |TK \‘Condition Improved CST Samples & Test
Long Term Batch Testing Using Four Solutions
@ 25t080C,
WAORN2313 0 553 20JUNO1 |TK Continue Long Term Testing After Downselect (?)
|
Decision Point for Continuation of Long Term
Testing After Down Selection
L 2
WAORN2314 64 553|20JUNO1 [17SEP01 |TK WContinue Lon? Term Batch Test
Use Four Solutions @ 20 to 80 C.
WAORN2315 29* 565(28NOV00 |05JANO1 |TK ong Term Flow Through Column Test <HA>
Ifor New UOP Sz mples - Matrix Task 2.2.1.2
WAORN2316 15 565|28NOV00 [18DEC00 |TK repare Flow TTrough Column Test Systems
For New UOP Samples)
[ ]
WAORN2317 14 565|19DEC0O0 |05JANO1 |TK

WPreTare Simulant Condition Samples

(Reference & Improved Samples)
[

Y Y Y

Sheet 23 of 77



Activity Work | Float Early Early Lead EYOL EY02
D Days Wk Days| Start Al ocT [ Nov [ bEc [ JAN [FEB[MAR [ APR [MAY [ JUN [ JuL [AUG [ SEP [ oCT [NOV [ DEC
WAORN2318 105 565|08JANO1 |01JUNO1 |TK A \‘Perform Column Tests- High DH‘ Solution
Covers Both Reference & Improved UOP Samples
Using High pH Salt Solutions, Average Simulant
L
WAORN2319 0 552 20JUNO1 |TK Continue Long Term Testing After Down Select (?)
|
IDecision Point for Continuation of Long Term
Testing After Down Selection
L 2
WAORN2320 64 552|21JUNO1 |18SEP01 |TK Continue Column Tests- High pH Salt Solution
Covers Both Refence and Improved UOP Samples]
Using High pH Salt Solution Average Simulants
|
WAORN2321 180* 552|08FEB01 [170CT01 |TK Data Collection & Reporting (FY 01 Only) <HA>
A
WAORN2322 0 4|08FEBO1 TK WMilestone A1.1-1 Complete Long Term Test
\
(Completion of Long Term Stability Testing
Initiated in FY 99 and FY 00 Provide Memo
|
*
WAORN2323 17 4|/08FEBO1 |02MARO1 |TK Draft Report Preparation And Internal Reviews
[
WAORN2324 0 4 02MARO1 |TK \Issue Final Report for Formal Review
L 2
WAORN2325 7 5/05MAR0O1 |14MARO1 |KJR Salt Team Comment - CST Long Term Testing
[ |
WAORN2326 10 4|05MARO01 [16MARO01 |TK DOE - SR Comment - CST Long Term Testing
[ |
WAORN2327 10 4|05MARO01 [16MARO01 |TK ﬁ)P Review And Comment
[ |
WAORN2328 10 4/19MARO1 |30MARO1l |TK ﬁsolve Comment, Clear for Release
[ ]
WAORN2329 0 4 30MARO01 |TK !|Mi|est0neA1.l.2 Issue Final Report CST Stability
Covers CST Stability Studies With Interim
Test Results for New UOP Samples
L 2
WAORN2330 9 552|19SEP01 |010CTO01 |TK Prepare Draft Report on Post Down Select Testing
(Covers Long Term%Testing of Reference
and Improved UOP Samples)
-
WAORN2331 0 552 010CTO01 |TK Issue Final Repor§t for Formal Review|
L 2
WAORN2332 8 552|020CT01 |110CTO01 |TK Salt Team Comment - Post wanSeIect CST Test|

-
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Activity Work | Float Early Early Lead EYOL EY02
D Days’ WiiDays = start Al ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AUG | sEP [ ocT [Nov [ DEC
WAORN2333 8 552|020CT01 |110CT01 |TK i DOE SR Comment Post DownSelect CST Testing
[ |
WAORN2334 8 552|020CT01 |110CT01 |TK UOP Review And Approval
[ |
WAORN2335 4 552/120CT01 |170CT01 |TK Resolve Comment, Clear for Release]
[ |
WAORN2336 0 552 170CT01 |TK Milestn A1.301 Issue Final Report - UOP CST Test
|
*
Sandia National Labs - CST Testing
WACST2410A 0 200CTO0A DW SNL Rcgive First UOP Sample
| —
WACST2410B 21 47|20NOV00 |20DECO00 |DW BNL Analyze First UOP Sample
Pdnding SCIF to Analyze in parallel with
Prfproduction sample
WACST2410C 0 1|15DECO00* DW SNL Receive Preproduction UOP Sample
|
WACST2410D 50 1/15DEC00 |28FEBO1 |DW WSNL AnaI%ze PreProduction UOP Sample
WACST2410E 0 0 01MARO1* |DW \SNL Attend UOP Technical Exchange
|
WACST2410F 6 0|02MARO1 |09MARO1 |DW ENL Contribute toUOP Manuf -Draft Interim Report
PNNL - CST Testing
WACST2408A 0 200CTO00A DW PNNL JRdceive First UOP Sample
|
WACST2408B 21 47|20NOV0O0 |20DECOO0 |DW PNNL Analyze First UOP Sample
WACST2408C 0 1|15DECO00* DW PNNL Receive PreProduction UOP Sample
|
WACST2408D 50 1/15DEC00 |28FEBO1 |DW WPNNL Anal%ze PreProduction UOP Sample
WACST2408E 0 0 01MARO1* |DW \PNNL Attend UOP Technical Exchange
|
WACST2408F 6 0/02MARO1 |09MARO1 |DW eport

ﬁNNLContribute toUOP Manuf -Draft Interim Re
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Activity Work | Float Early Early Lead EYOL £702
ID Days |Wk Days| Start Finish ocT [ Nov | DEC | JAN [ FEB [MAR [ APR [ MAY [ JUN | JuL [AUG [ SEP | ocT | Nov [ DEC

CST Thermal Stability Issues (SRTC) A HL A
WACST23 6* 87|03JANOOA |29NOVOO [DDW [CST ThernfalfStability Issues <HA>

—

(-
WACST2311G 0 15SEPOOA |06NOVOOA [DDW [Rad WastglDgsorption - Draft Report
WACST2311H 0 06NOVOOA |14NOVO00OA |KJR iTe mjComment - Rad Waste Desorption

SIFPending

(-
WACST2311L 0 06NOVOOA |14NOVO0A |JWM ﬁE Comment - Rad Waste Desorption

(-
WACST2311M 10 78|29NOV00* |12DECO0 |DW esolve Comment - Rad Waste Desorption

[ |
WACST2311N 0 78 12DEC00 |KJR VApprove Report - Rad Waste Desorption
I
’ |

WACST2311P 25 750|15SEPOOA [28DEC0O0 |DDW [Rad WastsD sorpt‘ion - Dispose of Waste
WACST231G5 6* 87|050CTO0A |29NOV0O0 |WRW | Prepare Hindl Report Sorb/Desorb/Resorb Cs Test
WACST231K 0 87 29NOV00 |KJR \Borb/Desorb/Resorb Cs Tests - Approve Report
CST Sample Characterization
WACST2310 0* 29SEPO0A |270CT00A |DW Characterigafion of CST Samples - Draft Report

L |
WACST2315 0 300CTO00A |14NOVOOA |DW iChalac erization of CST Samples - Team Comment

[ |
WACST2320 0 300CTO0A |14NOVOOA |DW iChalac erization of CST Samples - DOE Comment
[ |
WACST2325 5 83|15NOVO00A |28NOV0O0 |DW ii,haracterization of CST Samples- Resolve Comment
[
WACST2330 5 83/29NOV00 |05DECO00 |DW ﬁharacterization of CST - Prepare Report
-
WACST2335 0 83 05DEC00 |KJR Issue Draft Report - CST Sample Characterization
L 2
WACST2410 74 1/27NOV00* |14MARO1 |DW ‘ ompilation of SNL/PNI‘\IL Results & Operability
ork will consist of analysis of PNNL & UOP
engineered and improved samples
| A B
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Activity Work | Float Early Early Lead

- EY01 EY02
D Days’ WiiDays = start Al ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AuG | sEP [ ocT [Nov [ DEC
WACST2411 0 1 14MARO1 |KJR ) YFinal Report on Analysis of PNNL Samples
|
L 2
WACST2411A 8 1/15MARO01 |26MARO1 |KJR 1Team Comment - Analysis of PNNL Samples
[ |
WACST2411B 10 1|{15MARO01 |28MARO1 |JWM %E Comment - Analysis of PNNL Samples
[
WACST2411C 5 1|{29MAR01 |04APRO1 |DW Eesolve Comment - Report on PNNL Sample Analysis
[
WACST2411E 0 1 04APR0O1 |KJR )Approve Report - Analysis of PNNL Samples
| —
*
Examination of Temperature Effects on CST
WACST2387 6 57|09AUGO0A |29NOV00O |DW Analysis of Pfetreated IE-911
—
|
WACST2389 60* 3|14AUGO0A |16FEBO1 |DW Follow-on nkalysis of Pretreated IE-911
—
WACST2393 0 28|29NOV00* DW raft Interim Report #2
WACST2395 10 28|29NOVO00 |12DECOO0 |DW evelop Draft Interim Report #2
WACST2397 8 28|13DECO0 |22DECO0 |KJR \Interim Report #2- Team Comment
o
WACST2399 10 28|13DECO0 |28DEC0O0 |JWM \Interim Report #2 - DOE Comment
WACST2401 5 28|29DEC00 |05JANO1 |DW \Interim Report #2- Resolve Comment
[
WACST2403 5 28|08JANO1 |12JANO1 |DW ﬁnerim Report #2- Prepare Final Report
[ |
WACST2405 0 28 12JANO1 KJR \Interim Report #2 - Approve Report CST Pretreat
|
L 2
WACST2407 10 3|20FEBO01 |05MARO1 |DW %velop Draft Report - IE-911 Pretreatment
[ |
WACST2407A 8 3|06MARO1 |15MARO1 |KJR ﬁeneamd IE-911- Team Comment
-
WACST2407B 10 3|/06MARO1 |19MARO1 |JWM Pretreated |IE-911 - DOE Comment
[ |
. VY A J
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Activity Work | Float Early Early Lead EYOL EY02
D Days’ WiiDays = start Al ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AuG | sEP [ ocT [Nov [ DEC
WACST2407C 5 3|20MARO1 |26MAR01 |DW ) \iretreated IE-911- Resolve Comment
[ ]
WACST2407D 5 3|27MARO1 |02APR0O1 |DW \Pretreated IE-911- Prepare Final Report
[ ]
WACST2407E 0 3 02APR0O1 |KJR Pretreated IE-911 - Approve Report
*
CST - Real Waste Testing
WACST241D1 0* 26SEPO0OA |02NOVOOA |DDW  [Conduct KN Jests
|
WACST241E 13* 60|03NOVOOA |08DEC0O0 |DDW \Analy %samples (gamma scans by ADS)
[
WACST241F 19* 54|15NOVOOA |18DEC00 |DDW ol ate‘and Report results to POW
- ]
WACST241G 10 54|19DEC0O0 |04JANO1 |DDW %rite Report - Gamma Scans by ADS
[ ]
WACST241J 8 43|08JANO1  [18JANO1 [JTC Team Comment - Gamma Scans by ADS
[ ]
WACST241K 10 54|05JANO1  |18JANO1 |JWM DOE Comment - Gamma Scans by ADS
[ |
WACST241L 10 54|05JANO1 |18JANO1 |DDW RDesolve Comment - Gamma Scans by ADS
[ |
WACST241M 0 54 18JANO1 KJR YApprove Report - Gamma Scans by ADS
|
*
CST - Precipitation Kinetics
CST Post Precipitation
WACST51 30* 745|03JANOOA |05JANO1 |DDW |Stability offSilnulated Waste Solutions <HA>
|
| —
WACST5103 30 745|20NOV00 |05JANO1 |DDW Prbpose Feed Specs and Dilution Requirements
Pdnding SCIF
| —
WACST512L 0 040CTOOA |200CTO0A |JWM OE Comndnt - Sim Waste Stability
WACST512M 0 200CTOOA |06NOVOOA |DDW iResol e fomment - Sim Waste Stability
WACST512N 0 07NOVOOA |13NOVOOA |DDW iPr pgre Final Report - Sim Waste Stability
Y Yyvw y
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Activity Work | Float Early Early Lead EYOL £702
ID Days Wk Days|  Start Finish oCT | NOoV | DEC [ JAN [FEB [ MAR [ APR I MAY [ JUN [ JUL [AUG [ SEP | OCT [ NOV | DEC
WACST5120 0 13NOVO00A |KJR A pdrove Report - Sim Waste Stability
|
WACST512P 0 31JULOOA |20NOVOOA |DDW [Si, Al, PMialt Solubility- Dispose of Waste
Waste & Simulant Precipitation
WAORN4001 31* 67|03NOV99A |02JANO1 |TK \Waste andSilnulant Precipitation Issues <HA>
|
|
WAORN4020 31* 67 |01MAYO00A |02JANO1 |TK ISolGasMixiCglculations with CST Components <HA>
|
WAORN4023 23* 70|18JULOOA |21DECO0 |TK LaboratorfCpnfirmation Tests  <HA>
|
]
WAORN4030 0 040CTOOA |200CTO0A | TK Determingloferating conditions
(feeds AS@S[5103)
]
WAORN4031 3* 71{01NOVOOA |22NOV00 |TK Prefarg final report
[ |
WAORN4032 0 71 22NOV00 |[TK Ilssuefinal report for formal review
|
’ ‘
WAORN4032A 10 54[27NOV00* [12DEC00 |KJR Yleam Comment - Simulant Preciptation
=
|
WAORN4032B 14 66|27NOV00* |14DEC00 |JWM V?OE SR Comment - Simulant Precipitation
[
WAORN4032C 5 66|15DEC00 [21DEC00 |TK Eesolve Comment - Simulant Precipitation
]
WAORN4032D 5 66|22DEC00 |02JANO1 |TK %epare Final Report - Simulant Precipitation
[
WAORN4032E 0 67 02JANO1 |TK Issue Final Report -Simulant Precipitation
|
*
CST - Revised Manufacturing Process
UOP Manufacturing Revisions
WACST21 93* 0|21FEBOOA |05APR01 |WRW [Cs Resin -Mdnufacturing Revisions with UOP <HA>
|
WACST211B i 768[180CTO0A |[30NOV0OO |WRW SRTC Jedt First CST Sample
I
WACST211C 0 17NOVO0A WRW RN C Receive Second UOP Sample
|
dified for stability)
ywyey
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Activity Work | Float Early Early Lead EYOL EY02
ID Days \Wk Days| Start Finish ocT [ Nov | DEC | JAN [ FEB [MAR [ APR [ MAY [ JUN | JUL [ AUG [ SEP | ocT | Nov [ DEC
WACST211D 17* 0|17NOVOOA |14DEC00 |WRW BRIC - Test Second CST Sample i
I
WACST211E 0 0|15DECO00* WRW UOP Deliver PreProduction CST Sample
|
L 2
WACST211F 50 0|15DECO00 |28FEB01 |WRW WSRTC - Test PreProduction CST Sample
|
WACST21E 26* 93|19SEPOOA |29DEC0O0 |WRW [UOP Manufac furing Revision - Product Development
WACST21H 0 17 28FEBO1 |WRW \SRTC Attend UOP Technical Exchange
L 2
WACST21H1 12 0[22FEB01 |09MARO1 |WRW \UOP Manuf. - Draft Interim Report
[
WACST21H2 8 0|12MAR01 |22MARO1 |KJR YTeam Comment - UOP Manufacturing Interim Rep
|
WACST21H3 10 0|12MAR01 |23MARO1 |JWM \DOE Comment - UOP Manufacturing Interim Rept
[ ]
WACST21H4 5 0|26MARO1 |30MARO1 |WRW hResolve Comment - UOP Manufacturing Interim Rept
[ |
WACST21H5 4 0/02APR0O1 |05APRO1 |WRW hPrepare Interim Report - UOP Manufacturing
[ |
WACST21H6 0 0 05APR0O1 |KJR YUOP Manufacturing Approve Interim Report
L 2
WACST21I 80 578 01IMARO1 [22JUNO1 |WRW !‘UOP Manufacturing - Make 2000# of Product
WACST21J 20 578|25JUNO1 |23JULO1 |WRW UOP Manufacturing - WSRC Test Composite Sample
[ |
WACST21K 0 608 23JULO1  |WRW UOP Manufacturing - Deliver Product]
|
L 2
WACST21L0 0 608 23JULO1  |WRW UOP Manufacturing - Technical Exchange|
|
L 2
WACST21L1 10 578|24JULO1  |06AUGO01 |WRW ﬁ)P Manuf. - Draft Final Report
[
WACST21L2 8 460|07AUG01 |20AUGO01 |KJR Team Comment - UOP Manufacturing Final Rep|

—
Y
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Activity Work | Float Early Early Lead EYOL £702
ID Days’ WiiDays = start Al ocT [ Nov [ bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AUG | sEP [ ocT [Nov [ DEC
WACST21L3 10 578|07AUG01 [20AUG01 [IJWM ) DOE Comment - UOP Manufacturing Final Rept
[
WACST21L4 5 578(21AUG01 |27AUG01 |WRW Resolve Comment - UOP Manufacturing Final Rept
[ |
WACST21L5 5 578(28AUG01 |04SEP0O1 |WRW Prepare Final Report - UOP Manufacturing
|
WACST21M 0 578 04SEP01 |KJR UOP Manufacturing Revision - Approve Report
|
*
CST - Gas Disengagement
CST - Alternate Column - Planning
WACST8000 67* 660|08NOV99A |28FEBO1 |WVP |Alternate Qollimn, Gas Disengagement <HA>
|
|
ORNL CST Testing - Summary
WAORN5001 72* 669|03NOV99A |28FEBO1 |TK Gas Disendadement Equipment, Heat Transfer <HA>
|
Thermal Conductivity Studies
WAORN5006 3* 786|17JANOOA |22NOV00 |TK ORNL —Mgﬁs re Thermal Conductivity <HA>
|
|
WAORN5018 3 786|200CTO0A |22NOVO0 | TK Completd Editing, Document Clearance, Issue
|
Tall Column Test Preparations
WAORNS5019 14* 668|04JANOOA |08DEC00 |TK ORNL - Prdpdre Tall Column System <HA>
|
|
WAORN5027 14* 668|16FEBOOA |08DEC00 |TK ORNL - Prdpdre Tall Column Mock Up <HA>
|
|
WAORNS5037A 0 090CTOOA |200CTO0A | TK Address Ndv Punch List Item
GDE Modffigations, Leak Repair, Instrument Calib
[ |
WAORN5038 0 12JULOOA |200CTO0A |TK ORNL - Upflalle Drawings & Ops Procedures
| I—
WAORN5039 0 230CTO00A |310CTO00A |TK Revie| Approve Operating Procedures
WAORNS5040 0* 180CTO00A |250CT00A |TK ORNL qUpdate Training Materials
|
WAORN5044 0 230CTO00A |03NOVOOA |TK - ferform Preoperational Testing
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Activity Work | Float Early Early Lead EYOL £702
o Days Wk Days|  Start Finish ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AuG | sEP [ ocT [Nov [ DEC
WAORN5045 9* 673|260CTO0A |01DECO0 |TK ‘ORNI -[rain Operators A
1
WAORN5046 14* 668 |06NOVOOA [08DEC00 |TK W?R :T Readiness Assessment & Address Findings
[ ]
WAORNS5046A 0 778|06DECO0O0O* TK WSRC - FedEx Design Ouput
|
WAORN5047 0 668 08DEC00 |TK \Startup Approval
|
*
Evaluate Gas Disengagement Performance
WAORN5048 72*% 669|17JULOOA |28FEBO1 |TK ORNL - Evlupte Gas Disengage Performance <HA>
—
WAORN5051 0 270CTOOA |02NOVOOA | TK ORNR -[Prepare Simulant and Load CST
[ ]
WAORN5052 0 310CTO0A |03NOVOO0A |TK ORNL | Perform Final Tuning of Control Loops
[ |
WAORN5053 20 668|11DECO0 |05JANO1 TK [ORNL - Perform Tests
A
[ ]
Tall Column - Prepare Final Report
WAORN5054 18 668|08JANO1 31JANO1 TK WEV&Wate Data, Prepare Draft Report
I
WAORN5055 0 668 31JANO1 |TK ORO MilestoneC5-2 Issue Report for Formal Review
|
*
WAORN5056 6 523|01FEBO1 |12FEBO01 |KJR ﬁlt Team Comments - Gas Disengagement Report
t
WAORN5057 10 669|01FEBO1 |14FEB01 |JWM %)E - SR Comments - Gas Disengagement Report
-
WAORN5058 10 669|15FEBO1 |28FEBO1 |TK T?:e|solve Comments - Gas Disengagement Report
|
WAORN5059 0 669 28FEBO1 |TK Issue Report - Gas Disengagement
|
*
SRS Support to ORNL - DE, PC&T
WAPCT5027 0 08MAYOOA |03NOVOOA |TRT PC&T Suppoft -Modify & Improve Instrumentation
Impacted by Gas Disehgagement Equipment
WAZZDE5041 115* 660|17JANOOA |08MAY01 |LC DE - Gas Dfsdngagement (GD) <HA>
—
|
Y Yy
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Activity Work | Float Early Early Lead EYOL £702
D Days Wk Days| Start Finish ocT [ Nov | bEC [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AuG | sEP [ ocT [NoV [ DEC
WAZZDE5046 0 31MAROOA | 08NOVOOA |LC DE - Suppdlrt DRNL Testing A
ISupport willcdntinue for the duration of the
testing.
WAZZDES5047 25 660|01MARO1 |04APRO1 |LC WDE - Develop Gas Disengagement Design Report
I
WAZZDE5048 11 660|05APR01 |[20APRO1 |[LC DE - Team Review & Comment - GD Report
[ |
WAZZDES5049 12 660|23APR0O1 |08MAYO01 |LC DE - Issue Gas Disengagement Design Report
[ |
CST - Gas Generation
Gas Generation - Impact on CST Loading
WAORNG001 20* 78| 10NOV99A |18DECO0 |TK Gas Generftibn - Impact on CST Performance <HA>
—
|
HFIR In Pool Testing
WAORNG6066 20* 78|25AUGO0A |18DECO0 |TK HFIR In Popl Fests <HA>
— \
|
WAORNL6070 0 27SEPOOA |06NOVOOA |TK Removal, Jedon, and storage of HFIR test rig
HFIR Test Report
WAORN6079 20* 78|22SEPO0OA |18DEC00 |TK Data Colledtign and Reporting  <HA>
WAORNG6080 3* 79|22SEPO0OA |22NOV00 |TK Praft Report
(Single HotlTgbt)
WAORNG6081 0 79 22NOV00 |TK lestone C.6-3: Issue report for formal review
L 2
WAORNG6082 8 60|27NOV00* |07DECO0 |KJIR Yleam Comment - HFIR Test Report
[ |
WAORNG6083 11 74|27NOV0O0 |11DECO0 |JWM VﬁE Comment - HFIR Test Report
]
WAORNG6084 5 74|12DECO0 |18DECO0 |TK EESOIVE Comment-HFIR Test Report
[ |
WAORNG6085 0 74 18DEC00 |TK \Issue Final Report - HFIR Testing
|
L |
CST - Develop and Test Size Reduced Method
DWPF Waste Qualification - Homogenity
WACST1900 4* 89|19NOV99A |27NOV00 |FGS DWPF WadteQualification, Feed Homogenity <HA>
— |
| y
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Activity Work | Float Early Early Lead EYOL £702
D Days |Wk Days| Start Finish ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AuG [ sEP [ ocT [Nov [ DEC
DWPF Waste Qual - SRAT / SME Sampling i A
WACST191 0* 17JANOOA |310CTO0A |FGS Develop R@pfesentative Sampling SRAT/SME <HA>
| I—
WACST1911 0* 17JANOOA |310CTO0A |FGS ICause of NbrfRepresentative HydraGard Sample <HA>
| I—
WACST1911J 0* 160CTO0A |270CTO00A |FGS HidraC brfl Sampling - Review/Approve Report
[ |
WACST1911K 0 310CTO00A |KJR \Hydja®ard Sampling - Approve Report
|
*
CST Suspension at DWPF
WACST194 4* 89|17JANOOA |27NOVO0O0 |FGS DetermineHdw to Suspend CST in DWPF <HA>
—
|
WACST1944H 0* 170CTO0A |300CTO0A |FGS Team (orpment - CST Suspension
|
WACST1944| 0 170CTO0A |300CTO0A |FGS \DOE Cqminent - CST Suspension
[
WACST1944L 0 300CTO0A |06NOVOOA |FGS iRes IV Comment - CST Suspension
[ |
WACST1944M 4* 89|06NOVO0OA |27NOV00 |FGS iPr:?élre Final Report - CST Suspension
-
WACST1944N 0 89 27NOV00 |KJR €ST Suspension - Approve Report
|
L4
Demonstrate CST Sludge Frit Slurry Feed to Melte
WACST195 100* -7|160CTO00A |17APRO1 |FGS ‘Demo Hedd of CST/Sludge/Frit Slurry -Melter <HA>
iNB: Tie§ t Technology Downselection
—
WACST1952 1 -8/160CTO0A |20NOV00 |FGS Hinding and authorize Melter Feed Sim
nfling
pdrsue this option at this time
WACST1952A 14 -8/21NOV00 |12DEC00 |FGS Rdconstruct Melter Feed Loop at TFL
||
R
WACST1952D 50 -8/13DEC0O0 |26FEBO01 |FGS Demo Melter Feed Represents Feed Tank Contents
Restrained by FF tie to ASCST1945 -
"Demo CST Transfer (Slurry to SRAT)
| |
WACST1952E 15 -8|27FEB01 |19MARO1 |FGS Demo Feed éf Slurry to Melter - Draft Report
|
WACST1952F 8 -6|20MARO1 |02APR0O1 |FGS YTeam Comment - Melter Feed Demo Repor

AL
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Activity Work | Float Early Early Lead EYOL EY02
1D Days Wk Days| Start Finish ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AuG | sEP [ ocT [Nov [ DEC
WACST1952G 10 -7|20MARO1 |02APR0O1 |FGS i \DOE Comment - Melter Feed Demo Report
[
WACST1952H 5 -7|03APR01 |09APRO1 |FGS \Resolve Comment - Melter Feed Demo Report
[ |
WACST1952| 5 -7/10APR0O1 |17APRO1 |FGS Eepare Final Report - Melter Feed Demo Report
[ ]
WACST1952J 0 -7 17APR0O1 |KJR pprove Report - Melter Feed Demo
N‘B: Tied to downselection
*
DWPF Melter Operation
CST Melter Feed Rheology
WACST195A 65* 28|18SEPOOA |26FEBO1 |JRH CST MeltefiFged Rheology <HA>
—
WACST195B o* 18SEPOOA |06NOVOOA |JRH Rheoloa; Pgepare Technical Task Plan
Awaiting T
|
WACST195C 0 06NOVOOA | 13NOVOOA |JRH Rhojogy - Review Technical Task Plan
[
WACST195D 0 14NOVOOA |15NOVOOA |JRH ihaology - Revise Technical Task Plan
-
WACST195E 0 15NOVO00A |JRH *Ilh ology - Approve Technical Task Plan
|
*
WACST195H 11* 28|15NOVO00A |06DEC0O0 |JRH iﬁre )]are Three Bench Scale Melter Feed Batches
[
WACST195I 20 28|07DECO0 |08JANO1 JRH WRhemOgy Measurements
Two Runs with CST
Bench Scale Run with no CST to eliminate
potential varaible
-
WACST195J 15 28|09JANO1 29JANO1 JRH Rheology - Draft Report
[
WACST195K 8 22|30JANO1 12FEBO1 |JRH \Rheology Report - Team Comment
[ |
WACST195L 10 28|30JANO1 12FEBO1 |JRH \Rheology Report - DOE Comments
[ ]
WACST195M 5 28|13FEBO1 |20FEBO1 |JRH Eheology Report - Resolve Comments
[ ]
WACST195N 4 28|21FEBO1 |26FEBO1 |JRH ﬁheology Report - Incorporate Comments
L |
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Activity Work | Float Early Early Lead EYOL £702
ID Days’ WiiDays = start Al ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AuG | sEP [ ocT [Nov [ DEC
WACST1950 0 28 26FEBO1 |JRH i YRheology Report - Approve
|
*
Caustic Side Solvent Extraction
CSSX - Solvent Preparation
Solvent Preparation
WACX41500 10* 779|200CTO0A |04DECO0 |LNK Solverjt Hreparation <HA>
‘_
'y
I
WACX415010 0 200CTOOA |03NOVOOA |LNK Synthdsig Modifier Lot
|
WACX415020 9* 779|15NOVOOA |01DEC0O0 |LNK pare Solvent
WACX415030 10* 779|15NOVOOA |04DECO0 |LNK ghip Solvent - to SRTC
edd follow on activities identified for
I@gif ties to be added
WACX415040 10* 779|15NOVOOA |04DEC0O0 |LNK ghip Solvent - to ANL
4
ANL Report Preparation
WAANL7100 107* 668|040CTO0A |26APR0O1 |LNK ANL Reppron FY 00 Work <HA>
‘—
A
WAANL7110 33* 668|040CTO0A |10JANO1 |LNK ANL - Prgpae Report on FY 00 Work
WAANL7120 0 668 10JANO1 LNK \Submit Report for Review - ANL FY 2000 Work
*
WAANL7130 16 531|11JANO1 |O7FEBO1 |KJR [Team Comment - ANL FY 00 Work
I
WAANL7140 20 668|11JANO1 |O7FEBO1 |JWM DOE Comment - FY 00 Work
I
WAANL7150 0 668 07FEBO1 |LNK \Receive Reviews - ANL F 'Y 00 Work
\
¢
WAANL7160 20 668|08FEBO1 |08MARO1 |LNK \Submit for Publication as ANL Report
I
WAANL7190 34 668 09MARO1 |26APR0O1 |LNK WFY 00 Work - Publish as ANL Report
Batch Equilibrium - Internal Solvent Irradiation
Solvent - External Radiation - Co-60 Source i
WACX411 3* 65|12APR0O0A |22NOV0O0 |RAP External Rgdfation Tests (Co-60 Source) <HA>
— i
Y
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Activity Work | Float Early Early Lead EYOL £702
D Days Wk Days| Start Finish ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AUG | sEP [ ocT [Nov [ DEC
WACX41105B 0 110CTO0A |230CTO00A |KJR ‘Team Cdiminent - Solvent Degradation & Impact
WACX41105C 0 110CTO0A |02NOVO0A |JWM \DOE Cothnfent - Solvent Degradation & Impact
WACX41105D 0 310CTO0A |13NOVOOA |RAP Res@lvie Comment - Solvent Degradation & Impact
WACX41105E 3* 65|14NOVOOA |22NOV00 |RAP Ejenare Final Report - Solvent Degradation
WACX41105F 0 65 22NOV00 |KJR ’A prove Report - Solvent Degradation & Impact
|
WACX41106 12* 763|25AUGO0A |07DEC00 |RAP  [Dispose offWhste
—
Tied FF+5 tl)r SCX41105F - Approve Report
WACX4115 25 65[27NOV00 |03JANO1 !IFvesti?ate Solvent Wash & Reconsitution
n
Batch Equilibrium Internal Irradiation Experimt.
WAORN7137 110* -12(07JUNOOA |23APR0O1 |LNK Batch Equilibfium Internal Irradition Expmt <HA>
WAORN7141 110* -12|090CTO00A |23APR0O1 [LNK Execute fegt Protocol CTD-1 <HA>
WAORN7151 78* 20/020CTO0A |08MARO1 |LNK Case 2: Tefmiinate Test in 1st Qtr FY 2001 <HA>
‘— ‘
1
WAORN7152 Sir -12(020CT00A [07FEBO1 [LNK  [Case 2: S=m pling Protocol
WAORN7153A 11 20|08FEBO1 |22FEB01 |LNK Waste Packaging for Disposal
]
WAORN7153B 10 20|23FEBO1 |08MARO1 |LNK T?:e|move equipment from hot cell
|
WAORN7154 53* -12|08FEBO1 |23APR0O1 |LNK CTD-2 Experiment Test Report <HA>
|
WAORN7155 21 -12|08FEBO1 |08MARO1 |LNK VPresare Draft of Test Report
|
WAORN7155A 10 -12|09MARO1 |22MARO1 |LNK %D—l Technical Review of Draft Test Report
|
WAORN7155B 10 -12|09MARO1 |22MARO1 |HDH ﬁE - Technical Review of Draft Test Report
|

L |
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Activity Work | Float Early Early Lead EYOL EY02
D Days’ WiiDays = start Al ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AUG | sEP [ ocT [ NOV [ DEC
WAORN7156 5 -12(23MARO1 |29MARO1 |LNK i \CTD-1 Resolve Technical Review Comments
[ |
WAORN7156A 0 -12 29MARO1 |LNK 1Submit Draft Report to SRS
|
L 4
WAORN7157 4 -12|30MARO1 |04APR0O1 |LNK ﬁTD—} Editorial Review of Report
]
WAORN7158 2 -12|05APR01 |06APRO1 |LNK hCTD—l Resolve Editorial Review Issues
[}
WAORN7159 11 -12|09APR01 |23APR0O1 |LNK %D—l Print Test Report
]
WAORN7160 0 -12 23APR0O1 |LNK ICTD-2 Release of Test Report
|
A
*
Batch Equilibrium-External Solvent Irradiation
Solvent - Batch Equilibrium Hot Cell Test
WACX412 33* 60|03JULOOA |10JANO1 |RAP Batch Equilibfium Hot Cell Test (Interim Rpt)<HA
—
HAW (Interfallcs-137 Dose)
WACX412C 0* 07SEPOOA |270CTO00A |RAP Real Wastg tch Contact Test
(Identify Spgcis Extracted)
WACX412E 8 50|300CTO0A |22NOVO00 |RAP Eﬂa }Z e Data
| —
WACX412E1 19 50|27NOV00 |21DECO0 |RAP V?raft Report - Batch Equilibrium Test Report
[ |
WACX412E2 8 39|27DEC00 |10JANO1 |KJR Vjeam Comment - Batch Equilibrium Test Report
[
WACX412E3 10 50[27DEC00 |10JANO1 |JWM %E Comment - Batch Equilibrium Test Report
[
WACX412E4 5 50[11JANO1 |17JANO1 |RAP Eesolve Comment - Batch Equilibrium Test Report
-
WACX412E5 5 50|18JANO1 |24JANO1 RAP ﬁrepare Final Report - Batch Equilibrium Test
-
WACX412E6 0 50 24JANO1 KJR pprove Report - Batch Equilibrium Test Report
| i
*
WACX412M 5 727|25JANO1 31JANO1 RAP Dispose of Waste
[
Y Y
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Activity Work | Float Early Early Lead EYOL £702
o Days Wk Days| Start Finish ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AuG [ sEP [ ocT [Nov [ DEC
WACX412M00 228* 547|07SEPOOA |170CT01 |RAP In-Cell EXIJDSIJTE Tests & Report <HA>' A
— ‘
Tied to Intelaneport (SS+60 days)
WACX412N 178* 60|07SEPO0A |07AUGO1 [RAP  [Conduct IgCRIl Exposure Tests
—
WACX412P 203* 547|20NOV0O0 |12SEP01 |RAP Pulalyze Data
WACX412R 15 60|04DEC0O0 |22DECO00 |RAP WDraft In-Cell Exposure Interim Report
[ |
WACX412T 10 60[27DEC00 |10JANO1 |KJR ﬁ/iew/Approve In-Cell Exposure Interim Report
[
WACX412V 0 60 10JANO1 |KJR VApprove In-Cell Exposure Interim Report
|
L 2
WACX412W 15 547|13SEP01 |030CT01 |RAP Draft In-Cell EXonsure Final Report
[
WACX412X 10 547|040CT01 |170CT01 |RAP Review Approve In CTII:I|Exposure Report
]
Solvent Stability to External Irradiation
WAORN7070 o* 01JUNOOA |13NOVO00A |LNK Solvent St@biflity to External Irradiation <HA>
WAORN7072 0 01JUNOOA |13NOVO00A |LNK Studies of pxfernally irradiated solvent
(—
WAORN7074 0 13NOVOO0A |LNK \Qomplete external irradiation stability studies
|
WAORNT7075 58% -2|18MAYO00A |08FEBO1 [LNK [Effect of Wasje Feed Components <HA>
WAORNT7076 58% -2|18MAYO00A |08FEBO1 [LNK  (Studies wifh §rganic anions
WAORN7076A 58% -2|180CTO00A |08FEBO1 |LNK Partitignifig of Organic Species
WAORN7076B 58* -2|180CTO0A |08FEBO1 |LNK Partitighig of Inorganic Species
WAORN7077 0 -2 08FEBO1 |LNK \Complete waste feed component studies
L 4
WAORN7077A 76 705|01DECO00* |16MARO1 |LNK Equilibrium Modeling o‘f Distribution Behavior
v
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Activity Work | Float Early Early Lead EYOL £702
D Days |Wk Days| Start Finish ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AUG | sEP [ ocT [Nov [ DEC
Batch Contacting with Single Cs-137 Spike A L A ‘ A
WAORN?7081 67* 722|05SEPOOA |21FEBO1 |LNK  [Batch Confadting with Single Cs-137 Spike <HA>
— ‘
ISOW Matrig 5§1.7, Case 2
WAORN7082 15* -13|05SEPOOA |11DECO00 |LNK Receive agqudpus & solvent samples from ORNL-CTD
WAORN7083 15* -13|05SEPOOA [11DEC00 |LNK Collect and efaluate data
-
WAORN7084 1 -13|12DEC0O0 |12DECO00 |HDH Decision Point - Assess Experiment Continuation
1
WAORN7085 11* 762|13DEC00 |27DEC00 |LNK Casel: No Further Experiments <HA>
[
WAORN7086 7 1,058|13DECO0 |19DECO0 |LNK \Waste packaged for disposal
[
WAORN7087 6 762|20DEC00 |27DEC00 |LNK Eemove experiment items from the hot cell
[
WAORN7088 51* 722|13DEC0O0 |21FEBO1 |LNK Case 2: Further Experiments Are Necessary <HA>
A
|
WAORN7089 11 -13{13DEC00 |[27DEC00 |LNK \Revise the test plan and obtain SRS approval
|
WAORN7089A 20 -13{13DEC0O0 |09JANO1 LNK Procure Addjtional Cesium-137
| !
WAORN7090 21 -16|10JANO1  |30JANO1 |LNK WConduct the identified experiments
.
WAORN7091 21 -13/10JANO1 07FEBO1 |LNK WCOHECI and evaluate data
|
WAORN7092 5 722|08FEBO1 |14FEBO01 |LNK \Waste packaged for disposal
[ |
WAORN7093 5 722|15FEBO1 |21FEBO01 |LNK Eemove experiment items from the hot cell
[ |
WAORNT7094 85* 21|06NOVOOA |19MARO1 |LNK %@t Stability Study.Internal Irradiation<HA>
-
'y
WAORN7095 85* 21|06NOVOOA |19MARO1 |LNK Regelve samples from CTD
WAORNT7096 0 01NOVOOA |01INOVOOA |LNK Reckie samples from ANL
1
A J \ J \ J /
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Activity Work | Float Early Early Lead

L FY01 FY02
o Days Wk Days| Start Finish ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AuG | sEP [ ocT [Nov [ DEC
WAORN7097 85* 21|06NOVOOA |19MARO1 |LNK ) ‘COI‘I ct studies on irradiated solvent A
|
WAORN7098 1 33|05DEC00 |05DECO00 |LNK Nssue 2nd interim report on solvent stability
WAORN7099 62* 665|15FEBO1 11IMAYO01 |LNK Project Re?ort <HA>
WAORN7100 0 -2|15FEBO1 LNK \Issue interim report
|
M
WAORN7101 20 -2|16FEBO1 15MARO1 |LNK \Prepare draft of report
I
WAORN7102 10 -2|19MAR01 |03APRO1 |LNK {Technical review of draft report
|
WAORN7102A 10 0[16MARO1 [29MARO1 |HDH %E - Technical review of draft report
[
WAORN7103 5 -3|04APR0O1 |10APR0O1 |LNK ﬁesqlve technical review comments

(Tied to Downselection)
[ |

WAORN7104 4 665|11APR01 |16APR0O1 |LNK ﬁditorial review of draft report
|
WAORN7105 3 665|17APR01 |[19APR0O1 |LNK hResolve editorial review issues
[ ]
WAORN7106 16 665(20APR01 |11MAYO01 |LNK WPrint test report
h
WAORN7107 0 665 11IMAY01 |LNK ICASD -2 - Release Test Report
|
(Partitioning, External Irradiation, Waste Feed
Solvent Irradiation, Phase Behavior)
<
Batch Irradiation with Simulant
WAORN7108 110* -12|03APRO0OA [23APR0O1 |LNK Cs-137 Batghflrradiation with Simulant ~ <HA>
|
WAORN7117 43* 33|03APRO0A |18JANO1 |LNK  [Hot Cell Bditch Contacting with Cs137 Test <HA>
| ‘
|

WAORN7124 0 230CTO00A |03NOVOOA |LNK PerfogmHot-Cell Extractions (SOW 5.1.7) CTD-1

—

WAORN7125 43* 33| 03NOVOOA |18JANO1  |LNK VSugmﬂ samples to CASD for study
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Activity Work | Float Early Early Lead EYOL EY02
1D Days |Wk Days| Start Finish ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AuG [ sEP [ ocT [Nov [ DEC
Batch Equilibrium External Irradiation Experi'mt i ‘ A A
WACX418000 109* 680|020CTO0A |20APR0O1 |LNK Batch Equflirium External Irradiation Expt <HA>
|
WACX418010 0 020CTOOA |16NOVOOA |LNK  |Define Exi rfmental Program
L
WACX418100 45 680|20NOV00 |22JANO1 LNK Cdnduct EXteWnal‘ Irradiations
Pdhding SCIF - May be Deleted
— ‘
WACX418810 30 680|18JANO1 |28FEBO1 |LNK Prepare Draft of Experimental Test Report
WACX418820 0 680 28FEBO01 |LNK \Submit Draft Report for SRS & DOE Review
*
WACX418830 10 680|01MARO1 |14MARO1 |KJR \CSSX Team Technical Review of Report
]
WACX418840 10 680|01MARO1 |14MARO1 |JWM %E Technical Review of Report
[
WACX418850 5 680|15MAR01 |21MARO1 |[LNK Eesolve Technical Review Issues
[
WACX418860 0 680 21MARO1 |LNK \Submit Draft Report to SRS (For Downselect)
|
*
WACX418910 4 680|22MAR0O1 |27MARO1 |LNK ﬁditoriel Review of Report
[ |
WACX418920 2 680|28MAR01 |29MARO1 [LNK hResoIve Editiorial Review Issues
[ ]
WACX418930 16 680|30MARO1 |20APRO1 |LNK WPrint Test Report -
[ |
WACX418990 0 680 20APR0O1 |LNK \Issue Test Report
*
CSSX - Physical & Chemical Properties
CSSX - Physical & Chemical Properties
WAORN7058 101* -3|03APRO0A |10APR0O1 |LNK ICSSX - Hhwisical And Chemical Properties <HA>
Solvent Thermal Stability ‘
WAORN7066 69* 29|10MAYO00A |23FEBO1 |LNK Solvent Thigrihal Stability <HA>
(I
|
WAORN7067 69* 30| 10MAYO0A |23FEBO1 [LNK  |Analysis, dlednup, performance, and diagnostic
/ L
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Activity Work | Float Early Early Lead EYOL EY02
o Days Wk Days| Start Finish ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AUG | sEP [ ocT [ Nov [ DEC
WAORN7068A 69* 29|23JUNOOA |23FEBO1 |LNK Conduct Tle al Stability Studies A
—
WAORN7069 0 29 23FEBO1 LNK YComplete thermal stability studies
\
*
Solvent Stability & Clean-up ‘
WACX417000 137* 652|020CT00A |30MAY01 |LNK Solvent Sthbfity & Clean - Up <HA>
‘—
A |
| i
WACX417010 43 653|20DECO00* |16FEBO1 LNK Analyze Samples From Task A.3
Pending SCIF - May be Deleted
———— |
WACX417100 84* 705|020CTO00A |16MARO1 |LNK Conduct dledn-up Studies ‘ ‘
WACX417200 19 674|04APR0O1* |30APRO1 |LNK Conduct Study on ANL 5 Day Solvent Recycle Test
(Tied to ASANL7240 - 5 Day Recycle Test
I
WACX417500 84 705|020CT00A [16MARO1 |LNK  [Analytical Mdthod Development <HA>
(I ‘
A \
|
WACX417510 39* 678|020CTO0A |12JANO1 |LNK  |Develop ?t od for MTior Solvent Components
WACX417520 84* 705|020CTO00A |16MARO1 |LNK Develop \./Ft ods for Process Monitc\)ring
WACX417810 29 652|20FEBO1* |30MARO1 |LNK WPre?are Draft FYO1 Project Report
|
WACX417820 0 652 30MARO1 |LNK \Submit Draft Report for SRS & DOE Review
|
*
WACX417830 16 652|02APR01 [23APR01 |KJR ICSSX Team Technical Review of Report
[
WACX417840 16 652|02APR01 |23APR0O1 |JWM DOE Technical Review of Report
[ |
WACX417850 5 652|24APR0O1 |30APRO1 |LNK ﬁesolve Technical Review Issues
-
WACX417910 4 652|01MAY01 |04MAY01 |LNK %hEditorial Review Contactor Thruput Report
[ |
WACX417920 2 652|07MAY01 |08MAY01 |LNK hResoIve Editiorial Review Issues
[ ]
WACX417930 16 652|09MAY01 |30MAY01 |LNK

WPrint Test Report -

—
!

/
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Activity Work | Float Early Early Lead EYOL £702
ID Days’ WiiDays = start Al ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AUG | sEP [ ocT [Nov [ DEC
WACX417990 0 652 30MAY01 |LNK i A \Issue Test Report
|
*
Solvent Decomposition & Contactor Hydraulic Perf
ORNL - CSSX - Contactor Radiation Stability Test
WAORN7161 133* 656|03APRO0A |24MAY01 |LNK  [Cs-137 Irraflidtion Contactor Test <HA>
|
|
WAORN7171 133* 656|03APRO0A |24MAY01 |LNK  [Execute Prbjgct Test Plan CTD-2 <HA
|
ISOW Items}4.0.3 & 4.1.5
|
WAORN7173B 0 18SEPOOA |200CTO0A |LNK  [Cesium Sojufion Preparation
| —
WAORN7179C 0 25SEPOOA |08NOVOOA |LNK Develoi& gify Operating Procedures
WAORN7180 3 -12|20NOV0O0 |22NOV00 |LNK Essemble Test Loop in Hot-Cell ' A'
=
WAORN7182 3 -12|24NOV0O0 |28NOV0OO [LNK T\a/erify operation of loops in hot cell
[
]
WAORN7182A 0 15NOVO0A |17NOVOOA |LNK ialn Technicians
1
WAORN7182B 0 07NOVOOA |08NOVOOA |LNK xCG hquct Readiness Review
[ ]
WAORN7182C 5 -10|08NOVOOA |27NOV00 |LNK iR:c ve Readiness Review ltems
]
WAORN7182D 1 -10|27NOV00* [27NOV00 [LNK V'Iransfer Cesium to Cell ‘A’
[}
WAORN7183 0 -12|29NOV00 LNK \jhitiate Test Protocol
*
WAORN7184 1 -12|29NOVO0O0 |29NOVO00 |LNK TTD—Z Submit baseline sample for analysis
1
WAORN7192 60 -12|29NOV0O0 |20FEBO1 |LNK Eonduct the Ioor!g tests
urations may be reduced as a result of dose
WAORN7192A 0 723 20FEBO1 |LNK \Complete Contactor Performance Test
|
WAORN7194 10 703|21FEBO1 |06MARO1 |LNK Tﬁste packaged for disposal
. A J  J A J
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Activity Work | Float Early Early Lead EYOL EY02
1D Days Wk Days| Start Finish ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AuG [ sEP [ ocT [Nov [ DEC
WAORN7195 10 703|07MARO01 |20MARO1 |LNK i ICTD-2 Remove Equipment from Hot Cell
|
WAORN7196 40 -13|08FEBO1 |04APR0O1 |LNK \CTD-1 Pre;i]are Draft Test Report
Pushed by ASORN7091 - Case Il, Collect & Evaluat
I
WAORN7197 9 -13|05APRO1* |17APR0O1 |KJR gD—Z Technical Review of Draft Test Report
|
WAORN7197A 9 -13|05APRO1* |18APR0O1 |HDH %E -CTD-2 Technical Review of Draft Test Report
|
WAORN7198 5 -14|19APR0O1 |25APR0O1 |LNK ﬁTD—Z Resolve Technical Review Issues
[}
WAORN7198A 0 -14 25APR01 |LNK YSubmit Draft Report to SRS & DOE
?DOE HQ Milestone, OR01WT22
. ?
WAORN7198D 5 656|26APR0O1 |02MAY01 |[LNK ETD—Z Resolve Technical Review Issues
WAORN7199 4 656|03MAY01 |08MAY01 |LNK ETD—Z Editorial Review of Test Report
[ ]
WAORN7200 2 656|09MAY01 |10MAYO01 |LNK hCTD—Z Resolve Editorial Review Issues
[ |
WAORN7201 10 656|11MAY01 |24MAY01 |LNK WCTD—Z Print Test Report
[ ]
WAORN7202 0 656 24MAY01 |LNK CTD-2 Release Test Report (Hot Cell Loop Tests)
Tie to Downselect broken for this SCIF
Tie made via ASORN7198A
*
Contactor Thruput Efficency Report
WACX41300 62* 727|20NOV0O0 |14FEBO1 |LNK Cdntractor Thruput/Efficency Report <HA>
WACX41310 10* 727|230CT00A [04DEC0O0 |LNK Contagtdr Thruput - Prepare Draft Report
|
WACX41330 17 727|05DECO0 |27DECO0 |KJR J'\CSSX Team Technical Review of Report
|
WACX41340 17 727|05DEC0O0 |27DEC00 |JWM ['DOE Technical Review of Report
|

WACX41350 11 727|28DECO0 |11JANO1 LNK WRESOlve Technical Review Issues

! Y Y
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Activity Work | Float Early Early Lead EYOL EY02
1D Days Wk Days| Start Finish ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AuG [ sEP [ ocT [Nov [ DEC
WACX41360 5 727|12JANO1  |18JANO1 |LNK A \Editorial Review Contactor Thruput Report
[ |
WACX41365 4 727|19JANO1 24JANO1 LNK \Resolve Editiorial Review Issues
[ |
WACX41370 15 727|25JANO1 14FEBO1 |KJR WPrint Test Report - Contactor Thruput
[
WACX41380 0 727 14FEBO1 |JWM \Issue Test Report - Contactor Thruput/Efficency
|
*
Contactor Solvent Solids Performance
WACX41400 111* 678|020CTO00A |24APR0O1 |LNK Contractof Splvent Solids Performance <HA>
\—
WACX414010 0 020CTO0A |17NOVO0A |LNK Contactor Bdlvent - Develop Experimental Program
I
WACX414012 55*% 678|20NOV0O0 |05FEBO1 |LNK Cdntactor Solven‘t - Conduct Contactor Testing
rficipate holding end date, start deléyed.
WACX414016 27 678|23JANO1 28FEBO1 |LNK \Contactor Solvent/Solids - Prep Test Report
I
WACX414018 0 678 28FEBO01 |LNK \Contactor Solvent/Solids - Submit Draft Report
|
L 2
WACX414020 10 678|01IMARO1 [14MARO1 |KJR ICSSX Team Technical Review of Report
]
WACX414030 10 678|01MARO1 |14MARO1 |JWM DOE Technical Review of Report
[
WACX414040 5 678/ 15MAR01 |21MARO1 |[LNK Eesolve Technical Review Issues
[
WACX414050 4 678|22MARO1 |27MARO1 |LNK Editorial Review Contactor Thruput Repor
[ |
WACX414060 4 678/28MAR01 |02APRO1 [LNK Resolve Editiorial Review Issues
[ |
WACX414070 16 678|03APR01 |24APR01 |KJR WPrint Test Report - Contactor Thruput
[ |
WACX414080 0 678 24APR0O1 |JWM \Issue Test Report - Contactor Thruput/Efficency
|
L 4
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Activity Work | Float Early Early Lead EYOL EY02
ID Days Wk Days|  Start Finish OCT | NOoV | DEC [ JAN [FEB [ MAR [ APR T MAY [ JUN [ JUL [AUG [ SEP | OCT [ NOV | DEC
Waste Simulant & 2 cm Contactor Flowsheet i A A
ORNL - CSSX - Proof of Concept
WAORN7036 6* 92| 03APR0O0OA |28NOVO0O0 |LNK FlowsheetTegbt on Waste Simulant TTP ANL-1 <HA>
—
|
Contactor Test with 3 - 4 x Solvent Recycle
WAORN7048 6* 92| 03APR0O0A |28NOV0O0 |LNK IContactor et With 3-4X Solvent Recycle <HA>
—
|
WAORN7055A 0 110CTO0A |01INOVOOA |LNK Analyze Pda - Solvent Recycle Flowsheet Test
[ |
WAORN7055B 0 06NOVOO0OA |15NOVO00A |[KJR Tegm§ Comment - Solvent Recycle Flowsheet Test
[
WAORN7055C 0 06NOVO0A |15NOVO00A [JWM EE Comment - Solvent Recycle Flowsheet Test
[
WAORN7055D 0 14NOVOOA |17NOVO0A |LNK egolve Comment - Solvent Recycle Flowsheet Test
[ ]
WAORN7055E 5 88|20NOV0O0 |28NOVO0O0 |LNK Prkpare Report, Solvent Recycle Flowsheet
[ ]
WAORN7056 0 88 28NOV00 |LNK VEsue Report, Solvent Recycle Flowsheet ANL-1
NL - Ralph Leonard
| 4
Solvent Recovery
WAANL7300 183* 592|040CTO00A |14AUGO01 |RL A1-3 Solvgng§Recovery <HA>
\—
WAANL7310 33* 592|040CTO00A [10JANO1 |RL A1-3 Solv@n§Recovery Demo Test Definition
WAANL7320 145 862|11JANO1 04JUNO1 |RL \Solvent Recovery Test
WAANL7322 0 862 04JUNO1 |RL Complete Solvent Recovery Test -DOE HQ Milestone
|
*
WAANL7330 24 471|05JUNO1 |17JULO1 RL WVacuum Distilation Test
|
WAANL7350 20 592|18JULO1 14AUGO01 |RL WEconomic Analysis
[ |
WAANL7410 126 561|30MARO1* |27SEP01 |RL ANL - Prepare Report on FY 01 Work
WAANL7420 0 561 27SEPO1 |RL Submit FY 01 Work Report for Review|
v *
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Activity Work | Float Early Early Lead EYOL EY02
1D Days |Wk Days| Start Finish ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AuG | sEP [ ocT [Nov [ DEC
CSSX - Solvent Washing Plan & Evaluation A A A
WAORN70551 o* 18SEPO0A |17NOVO0A |LNK ISolvent WdsHiing Contingency Planning <HA>
|
WAORN70552 0 18SEPO0A |13NOVOOA |LNK Contingen y Planning for Future Tests
| —
WAORN70553 0 13NOVOO0A |LNK \Waghing Decision
|
*
WAORN70555 0 14NOVOOA |17NOVOOA |LNK ﬁe uate Impact on the ANL Recycle Test
[
WAORN70556 o* 14NOVO0A |17NOVO0A |LNK ﬁduate Impact on SRS Hot Cell Real Waste Test
[
Five Day Test of CSSX Flowsheet
WAANL7200 109* 666|040CTO0A |30APRO1 |RL Al-2 _ FlvdDay Test of CSSX Flowsheet <HA>
‘_
A
WAANL7210 7 3/040CTO0A [30NOV0O0 |RL Al-2 Floag eet Test Definition
]
WAANL7220 0 5 30NOV00 |RL Yomplete Plan of Execution of Five Day Test
»
WAANL7230 74 3|01DEC00* [20MARO1 |RL Prepare for Five Day TeTt
WAANL7240 5 4|21MARO1* [25MARO1 |RL ﬁerform Five Day Test
[ ]
WAANL7250 5 4|26MARO1 [30MARO1 |RL ﬁrepare Interim Report - Five Day Test
DOE HQ Milestone, CH21WT21
= |
WAANL7254 8 530|02APR0O1 |16APRO1 |KJR WTeam Comment - Five Day Test
[
WAANL7256 10 666|02APR01 |16APRO1 |JWM WDOE Comment - Flve Day Test
[
WAANL7258 10 666|17APR0O1 |30APRO1 |RL Resolve Comment - Five Day Test
-
WAANL7259 0 666 30APRO1 |KJR VApprove Report - Five Day Test
|
*
CSSX - Real Waste Contactor Testing
CSSX - Real Waste Contactor Testing
WACX1000 84* -10|10MAYOQ0A |25APR01 |RWB [CSSX - Redl Waste Testing <HA>
y
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Activity Work | Float Early Early Lead EYOL £702
o Days Wk Days|  Start Finish ocT [ Nov [ bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AuG | sEP [ ocT [Nov [ DEC
WACX2300 4% 31|03AUG00A |27NOV00 |RNH  [Obtain Sardples <HA> A
| ‘
|
WACX2300A 9* 19|02AUGO0A |04DEC00 |LNK [Procure agd[Peliver Solvent to SRTC
|
|
WACX2300B i 21|02AUGO0A |30NOV0OO |RAP  [Prepare Sifnilant/Scrub Solutions
|
|
WACX2300C 12* 46/300CTO00A |07DEC0O0 |TRT Devglop I/0 Database
|
WACX2305 4 31|180CTO0A |27NOV00 |RAP Charadgtefize HLW 38L Samples
[ ]
WACX2306 5 31|20NOVO0 |28NOV0O0 |RAP Pdrform Sample Dilution
[
WACX2307 5 31|29NOV0O0 |05DECO0 |RAP Heasure D's for Composite Sample
[ |
WACX2308 10 31|06DECO0 |19DEC00 |RAP Tﬁjerform MST Strike and Filter
[
WACX2320 o* 08AUGO0A |09NOVO0OA |RAP Prepare Tgbkjinitiation Documents <HA>
WACX2325 0 090CTOOA |09NOVOOA |RAP Issue TTR fpr Real Wst Design/Testing
WACX2340 10* -8/100CTO0A |07DEC00 |LC Develop Pesign Outpu <HA>
|
WACX2341 0 100CTO0A |02NOVOO0A |LC DevelopfPrpduce DCP for Equip Procurement
|—
WACX2342 9* -11|03NOVOOA |04DEC00 |LC VRezeﬁ/Approve Mechanical Drawings
[ |
WACX2343 2 -8|05DEC0O0 |06DEC0O0 |LC Issue DCP"S for Equip Procurement
Issue Mechanical - 27 Nov
Issue Electrical - 04 Dec
' |
WACX2344 0 110CTO0A |02NOVOO0A |LC DevelopfPrpduce DCP's for Contactor Design
|—
WACX2345 9* -11|06NOVOOA |04DEC00 |LC / Approve Electrical Drawings
WACX2346 2 -8|05DEC00 |06DECO0 |LC

Issue DCP's for Contactor Design

Yy vy v

Sheet 49 of 77




Activity Work | Float Early Early Lead EYOL £702
D Days Wk Days| Start Finish ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AuG | sEP [ ocT [Nov [ DEC
WACX2347 1 -8|07DEC0O0 |07DEC0O0 |LC A \Review DCP's for Real Waste Design
1
WACX2360 17* -13(02AUGO0A [14DEC00 |RAP  [Obtain Eqiipinent <HA>
| |
WACX2361 3* -1|20SEPOOA |22NOV00 |RAP  [Fabricate qupment Rack
i
36 Stages thptgl promised by 07 Dec
= f
WACX236200 15* -13|20SEP00A |12DEC00 |RAP  [Fabricate Qoftactor Stages <HA>
|
WACX236201 0 20SEPOOA |250CTO0A |RAP  |Frame - 4 tage (CMT D-1265-1, Sheet 1 of 2)
IComplete 5@ Ha
| —
WACX236202 0 20SEPOOA |310CTO0A |RAP  [Frame 4 Stlgk Body (CMT-E-1265-1, Sheet 1 of 2)
IComplete 5@ Ha
| —
WACX236204 0 20SEPOOA |310CTOOA |RAP  [Motor Rewprk (CMT-D1265-3)
IComplete 5P Ha
| —
WACX236207 0 20SEPO0A |310CTOOA |RAP Sl!zlash Plaje [CMT B1265-6)
IComplete 5@
| —
WACX236272 0* 01NOVOOA |09NOVOOA |RL iCo plkte Ready for Testing - 16 Ea
Coll te 16 Ea
WACX236274 0 10NOVOOA |[17NOVOOA |RL Cénplete, Ready for Testing - 16 Ea
C@mplete, 16 Ea
[
WACX236276 13* 9/18NOVOOA [02DEC00 |RL Ldnplete, Ready for Testing - 20
Conplete - 20 Ea
[ §
WACX236282 0 06NOVOOA |08NOVOOA |RL ﬁ Fa] 2 Cm Contactor Test & Prep for Shipment
[ |
WACX236284 0 11NOVOOA |[15NOVOO0A |RL !iiE ) 2 Cm Contactor Test & Prep for Shipment
[ ]
WACX236286 10* -14|18NOVOOA |29NOVO00 |RL y 13 Ea)2 Cm Contactor - Test & Prep for Shipment
[ ]
WACX236288 18 9|03DECO00 |20DECO00 |RL %20 Ea) 2 Cm Contactor Test & Prep for Shipment
(to‘ b‘e used as spares)
[ |
WACX236292 0 09NOVOOA |14NOVOOA |RL iiS Ed) Contactors - Ship & Delivery
[
WACX236294 0 15NOVO0A [17NOVOO0A |RL y&a) Contactors - Ship & Delivery
]

v V vy '
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Activity Work | Float Early Early Lead EYOL £702
o Days Wk Days| Start Finish ocT [ Nov [ bEC [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AUG | sEP [ ocT [NoV [ DEC
WACX236296 6 -14|30NOV00 |05DEC00 |RL i WL16Ea) Contactors - Ship & Delivery
[ |
WACX236297 6 -21|07DECO00* |12DEC00 |RL \ﬁ Ea) Contactors - Ship & Delivery
WACX236298 14 9|21DECO0 [03JANO1 |RL \(20 Ea) Contactors - Ship & Delivery (Spares)
[
WACX2363 2 -13|13DEC00 |14DEC00 |RAP Perform Fabrication Checkout
[}
WACX2364 3* 5/02AUGO0A [22NOV00 |RAP  [Procure Equipment
—
|
WACX2370 16* -13|15DEC00 |10JANO1 |RAP Assemble Equipment <HA>
|
WACX2371 5 -13|15DEC00 |21DEC00 |RAP ﬁssemb e Rack
[}
WACX2372 5 -13|22DEC00 |02JANO1 |RAP Tnastall Contactors
[
WACX2373 1 -13|/03JANO1  |03JANO1 |RAP erify Installation
1
WACX2374 20 -9|15DEC00 |16JANO1 |RAP WDevelor/Write Ops instructions
]
WACX2375 5 -13|/04JANO1  |10JANO1 |RAP ﬁerform Checkout and Cold Testing
B
WACX2376 5 -13|04JANO1  |10JANO1 |RAP hoad Software & Configure DAS
B
WACX2390 6* -10{11JANO1  [22JANO1 |LC I%Jdify Design Input / Output <HA>
(]
WACX2391 2 -10{11JANO1  [15JANO1 |LC ﬁevelop DCF for Design Changes
[
WACX2392 2 -10[16JANO1 17JANO1 LC hReview/Approve DCF for Design Changes
WACX2393 1 -10|18JANO1  [18JANO1 |LC mlssue DCF for Design Changes
1
WACX2394 1 -10|22JANO1  |22JANO1 |LC

\Incorporate Design Changes
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Activity Work | Float Early Early Lead EYOL EY02
1D Days Wk Days| Start Finish ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AuG | sEP [ ocT [Nov [ DEC
WACX2400 17* -13|(23JANO1 14FEBO1 |RAP i \Simulant Testing Run <HA>
WACX2401 2 -13|23JANO1 24JANO1 RAP ‘HPerform Readiness Review
[
WACX2402 5 -13|25JAN01 31JANO1 RAP Equipment Checkout
[ ]
WACX2403 5 -13|25JAN01 31JANO1 RAP Tanstall Equipment into Hot Cell
[ ]
WACX2404 5 -13|01FEBO1 |07FEBO1 |RAP Prepare Equipment For Simulant Test
[ ]
WACX2405 5 -13|08FEBO1 |14FEBO01 |RAP Perform Simulant Test
[ |
WACX2410 6* -13[15FEBO1 |[23FEB01 |[LC l%odify Design after Simulant Tests <HA>
[ |
WACX2411 2 -13|15FEBO1 |[16FEBO1 |LC hDevelop DCF for Design Changes
[}
WACX2412 2 -13|20FEBO1 |21FEB0O1 |LC hReview/Approve DCF for Design Changes
[ ]
WACX2413 1 -13|22FEBO1 |22FEBO1 |LC Wssue DCF for Design Changes
1
WACX2414 1 -13|23FEBO1 |23FEB01 |LC hlncorporate Design Changes
[}
WACX2420 12* -13|26FEBO1 |13MARO1 |RAP JReaI Waste Test Run <HA>
I
WACX2421 2 -13|26FEBO1 |27FEBO01 |RAP hperform Readiness Review
[ ]
WACX2422 5 -13|28FEB01 |06MARO1 |RAP ﬁrepare Equipment for Active Test Run
[}
WACX2423 5 -13|07MARO1 |13MARO1 |RAP ﬁerform Active Test Run
[
WACX2424 10 -13|14MARO1 |27MARO1 |RAP %alyze Samples
|
WACX2430 25* -13|21MARO1 |25APR01 |RAP JReaI Waste Test Report <HA>
|

v
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Activity Work | Float Early Early Lead EYOL EY02
D Days’ WiiDays = start Al ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AuG | sEP [ ocT [Nov [ DEC
WACX2431 5 -13|21MARO1 |27MARO1 |RAP i Develop Interim Draft Report
[}
WACX2432 3 -13|28MARO1 |30MARO1 |RAP 1Review Interim Draft Report
]
WACX2433 2 -13|02APR01 |03APRO1 |RAP HSSUG Interim Draft Report
[}
WACX2434 5 -13|04APRO1 |10APRO1 |[KJR %eam Comment Interim Draft Report
[ |
WACX2435 5 -13|04APR0O1 |[10APRO1 |JWM ﬁOE Comment Interim Draft Report
[ |
WACX2436 5 -13/11APR0O1 |18APR0O1 |RAP {Resolve Comments
[
WACX2437 5 -13|19APR01 |25APR01 |RAP ﬁmpare Final Report
[
WACX2438 0 -13 25APR0O1 |KJR j!Approve Final Report (Real Waste Contactor Test)
*

CSSX - Solvent Commercialization & Supply
Solvent Commericialization
WACX416000 52* 737|020CTO0A |31JANO1 LNK ORNL - Sollvdnt Commericialization <HA>

\—

‘( SRS also pufsuing commericialization)
WACX416100 52* 737|020CT00A [31JANO1 |LNK Prepare D culmentationfor‘CommericiaIization
WACX416200 0 737 31JANO1 LNK ‘||SSU9 Requests fo;r Quotations

(Solvent Componeﬁt Preparation)
* |

CSSX - Commercialization & Supply Assurance |
WACX33000 368* 249|10MAYO0A |26SEP02 |RWB |CSSX Solvnl Commercialization-Assure Supply<HA>

—
WACX33110 0 617 16NOV0O0 |RWB RINL - Intellectual Property Releaée - Solvent

|

>

WACX33120 0 617 16NOV0O0 |RWB VWRIL - Intellectual Property Release - Modifier
|

>
WACX33300 82* -2|10MAYO0A |23APR0O1 |RWB [Reguest Fdr Ihformation <HA>
WACX33340 0 090CTOOA |08NOVOOA |[RWB

Chemicall Cbmmodities Group - Review & Approve

w v
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Activity Work | Float Early Early Lead EYOL EY02
1D Days Wk Days| Start Finish ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AuG | sEP [ ocT [Nov [ DEC
WACX33410 0 310CTO00A |17NOVOOA |RWB b R repare Request For Information A
[
WACX33420 0 17NOVO0OA |RWB bHIS - ORNL - Review & Approve RFI
*
WACX33430 4% -2|20NOVOOA [28NOV00 |RWB 5HS - Incorporate Comments to RFI
[ ] i
L i
WACX33440 10 -3|29NOV0O0 |12DEC00 |RWB E - Intellectual Property Review
|
WACX33450 10 -3/29NOV00 [12DEC0O0 |RWB E - Export Control Review
|
WACX33460 10 -3/29NOV00 [12DEC00 |RWB \E - RDC/RO Review
|
WACX33470 0 -2 12DEC00 |RWB \Issue Request for Information to Procurement
\
«
WACX33480 20 -2|13DEC0O0 |22JANO1 |RWB Procurement - Assemble Package & Issue to Vendor
]
WACX33520 40 -2|23JANO1 03APR0O1 |RWB Wendors - Presare Responses
I
WACX33530 10 -2|04APRO1 |23APR0O1 |RWB WEvaIuate Vendor RFI Responses
[ |
WACX33540 0 -2 23APR01 |RWB Qualify Operating Chemical Suppliers
|
Assurance of BobCalix & Solvent Supply
NB: Restrains Technology Selection
o
WACX33600 129* 248|24APR0O1 |12DECO01 |RWB ‘Request For Quotation <HA>
A
WACX33610 10 390|24APR0O1 |07MAY01 |RWB T\/I:o|dify Requirements & Synthetic Procedures
I
WACX33620 10 390|08MAY01 |21MAY01 |RWB T?:e|view Modification to Synthetic Procedures
-
WACX33630 0 390 21MAY01 |RWB VApprove Modifications - Synthetic Procedures
.
WACX33640 5 390(22MAY01 [29MAY01 |RWB ﬁ Eepare Request For Quotations (RFQ)
'm
WACX33650 5 390|30MAY01 |05JUNO1 |RWB Eeview Request for Quotation (RFQ)
m
Yy A J \ J
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Activity Work | Float Early Early Lead EYOL EY02
ID Days’ WiiDays = start Al ocT [ Nov | bEC [ JAN [FEB[MAR [ APR[MAY [ JUN [ JuL [AuG [ sEP | ocT [Nov [ DEC
WACX33660 5 390|30MAY01 |05JUNO1 |RWB ) Incorﬁorate Comments Request for Quotation (RFQ)|
[ |
WACX33670 0 390 05JUNO1 |RWB JApprove Request For Quotation
|
*
WACX33680 10 390|06JUNO1 |19JUNO1 |RWB ﬁQ - Intellectual Property Review
[ |
WACX33700 10 390|06JUNO1 [19JUNO1 |RWB ﬁQ - Export Control Review
[ |
WACX33710 10 390|06JUNO1 [19JUNO1 |RWB ﬁQ - RDC/RO Review
[ |
WACX33720 0 390 19JUNO1 |RWB Issued Approved & Cleared RFQ to Procurement|
* 1
WACX33730 5 313|090CT01 |150CT01 |RWB Procurement - Issue RFQ to Ven(‘jors
NB: Restrained by Record of Deci‘sion
[
WACX33740 30 313|/160CT01 |28NOVO1 |RWB Vendors - Respond to Request For ?uotations
|
WACX33750 0 313 28NOV01 |RWB Procurement - Recieve & Open Responses|
L 2
WACX33760 10 313|29NOV0O1 |[12DEC01 |RWB Evaluate Response to RFQ
[ |
WACX33770 0 313 12DEC01 |RWB Issue Vendor Recommendation to Procurement]
\
L 2
WACX33780 10 313|13DECO01 |28DEC01 |RWB Procurement - Finalize Commercial Terms
[
CSSX - Operating Chemical Supply & Fabrication
WACX33900 150* 249|31DECO01 |26SEP02 |RWB CSSX - Initial Commerical Manufacture <HA>]
4
[
WACX33910 0 249|31DECO01 RWB Award Operating Chemical Supply Contract(s)
L 2
WACX33920 60 249|31DEC01 |17APR02 |RWB Operating Chemical Supplier - Sample Fabrication|
[
WACX33930 20 249|18APR02 [22MAY02 |RWB
WACX33940 10 249|23MAY02 [11JUNO2 |RWB
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Activity Work | Float Early Early Lead EYOL EY02
ID Days \Wk Days| Start Finish ocT [ Nov | DEC | JAN [ FEB [MAR [ APR [ MAY [ JUN | JuL [AUG [ SEP | ocT | Nov [ DEC
WACX33950 60 249|12JUNO2 |26SEP02 |RWB i A
Small Tank TPB Precipitation
Tetraphenyborate Decomposition Studies
TPB - Examine Synergistic Effects
WATPB223 464* 311|28JANOOA |26SEP02 |MJB Synergistid Effects Tests <HA>
—
|
WATPB223G 6* 66|19JULOOA |29NOVO0O |MJB ISynergistiq Bffects Tests- Draft Report
—
| —
WATPB223G1 8 52|30NOV00 |13DECO00 |KJR Wl eam Comment - Synergestic Effects Report
|
WATPB223G2 10 67|30NOVO0 |13DEC0O0 |JWM VOE Comment - Synergistic Effects Test
|
WATPB223G3 5 67|14DEC0O0 |20DEC0O0 |MJB Resolve Comment - Synergestic Effects Report
[ |
WATPB223G4 5 67|21DEC0O0 |29DEC0O0 |MJB \Prepare Final Report - Synergestic Effects Repor
[ |
WATPB223G5 0 67 29DEC00 |KJR ISynergistic Effects Tests- Approve Report
|
*
WATPB223G6 3 74404JANO1 08JANO1 MJIB Role of Intermediates - Dispose of Waste
Tied FF+5days to ASTPB223G5 - Approve Report
WATPB226P 3 744|04JANO1  |08JANO1 |MJB Ru/Rh /Cu/Fe High Temp Synergi- Dispose of Waste
Electrochem/Spectroscopic Transition Metal Test
WATPB225 104* 111|24JANOOA |23APR0O1 |TBP Electrochefn/Bpectroscopic Transition Metals <HA>
—
|
WATPB225D 64 111(20NOV00 |23FEB01 |TBP El§ct/Spect Transition Metals- Resume Tests
I)(T HOLD (Consultant's Recommendation)
S5{IF Pending
WATPB225E 10 111|26FEBO1 |09MARO1 |TBP %ct/Spect 'i'ransition Metals- Analyze Tests
B ‘
WATPB225F 15 111|12MAR0O1 |30MARO1 |TBP \Elect/Spect Transition Metals - Draft Report
WATPB225G 8 88|02APR01 |16APRO1 |KJR WTeam‘ Comment - Elect/Spect Transition Metals
A J YyYvwy
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Activity Work | Float Early Early Lead EYOL EY02
D Days’ WiiDays = start Al ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AUG | sEP [ ocT [Nov [ DEC
WATPB225H 10 111|02APRO1 |16APRO1 |JWM i IDOE Comment - Elect/Spect Transition Metals
WATPB225| 5 111|17APRO1 |23APR0O1 |TBP \Resolve Comment - Elect/Spect Transition Metals
WATPB225K 0 111 23APRO1 |KJR Elect/Spect Transition Metals - Approve Report
|
L, |
WATPB225P 3 666 |26APR01 |30APR01 |TBP Elect/Spect Transition Metals- Dispose of Waste
[ ]
Demo Catalyst Testing
WATPB228 s 90|21JUNOOA |22NOV0O0 |MJB  [ORNL Derfp Fatalyst Testing <HA>
—\
WATPB228S 0 090CTOOA |02NOVO0A |JWM DOE Corjment - CSTR Demo Catalyst Testing
|
WATPB228S2 0 090CTOOA |13NOVO0A |JWM DOE Corjmgent - Batch Demo Catalyst Testing
|
WATPB228T 0 08NOVOOA |17NOVO0OA |LNO Eo ve Comment - CSTR Demo Catalyst Testing
[
WATPB228U 0 90 22NOV00* |KJR 'A prove Final Report - CSTR Demo Catalyst Test
|
<
WATPB228V 4% 769|14NOVOOA |27NOV00 |LNO iﬁlatth Demo Catalyst Test Rpt (2nd Draft) Review
[ |
WATPB228W 2 769|28NOV00 [29NOV0O0 |LNO hlltesolve Comment - Batch Demo Catalyst Test (2nd)
[
WATPB228X 0 769 29NOV00 |KJR Wpprove Final Report - Batch Demo Catalyst Test
4
NMR Testing
WAORNL2001 11* 87|08DEC99A |05DEC00 |TK NMR StudiskWork Scope Matrix 2.2.4.1) <HA>
—
WAORNL2021 0 260CTO0A |09NOVOOA |KJR TearfChmment - NMR Testing Report
WAORNL2022 0 260CTO00OA |09NOVO0A [JWM \DOE Edmment - NMR Testing Report
WAORNL2023 5! 83|20NOVO0O0 |28NOV0O0O |TK

w

Rdsolve Comment - NMR Testing Report

vy
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Activity Work | Float Early Early Lead

- FYo1 FY02
o Days Wk Days| Start Finish ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AuG | sEP [ ocT [Nov [ DEC
WAORNL2024 5 83/29NOVO0  |05DEC00 | TK A \Prepare Final Report - NM R Testing
WAORNL2025 0 87 05DEC00 |TK Issue final report (NMR Testing)

TPB - Synergism Set Il

WATPB222U 3 744|04JANO1 |08JANO1 MJB Synergism Set Il Hg Form Tests - Disp of Waste
WATPB2227 3 744|04JANO1 |08JANO1 MJB Syn Set Il Hg Surrogate Tests - Disp of Waste
WATPB226N 3 744|04JANO1 |08JANO1 MJB Synergism Set Il H2 Tests - Dispose of Waste

Batch Scale Test (Real Waste)

WATPB23 94* -1/ 30MAY0OA |06APR0O1 |MJB Batch Scalp festing (Real Waste) <HA>
WATPB230D 14 -1|27FEB01 |16MARO1 |MJB Issue Real Waste Testing Draft Report

|
WATPB230D2 8 -1/19MAR01 |29MARO01 |KJR ﬁam Comment - Real Waste Testing
WATPB230D3 10 -1/119MARO1 |30MARO1 |JWM %)E Comment - Real Waste Testing
WATPB230D4 5 -1/02APR0O1 |06APRO1 |DW hResoIve Comment - Real Waste Testing
WATPB230D5 0 -1 06APR0O1 |KJR VApprove Report - Real Waste Testing

WATPB2313D 82* -1|0BAUGO0A |09FEBO1 |MJB  [Conduct T=n <13> Low Temp Test

WATPB2313F 10 -1|12FEBO1 |26FEBO1 |MJB ﬁnalyze Tank <13> Low Temp Test
]
WATPB2313G 10 640|27FEBO1  |12MARO1 |MJB ﬁan—up Tank <13> Low Temp Tests
[
WATPB2313H 60 640|13MARO1 |06JUNO1 |MJB WDiS?OSition Tank <13> Low Temp Test Waste
WATPB2313lI 0 08AUGOO0A |310CTO0A |MJB  [Conduct TRnf <13> 45 Deg Tests

(Ran out of 5gmple)
1 Yv v
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Activity Work | Float Early Early Lead EYOL EY02
1D Days Wk Days| Start Finish ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AUG | sEP [ ocT [Nov [ DEC
WATPB2313K 0 01NOVOOA |14NOVOOA |MJIB Analyze Tank <13> 45 Deg Tests i
]
WATPB2313L 10 666|02APR0O1 |16APR0O1 |MJB Clean-up Tank <13> 45 Deg Tests
[
WATPB2313M 10 666|17APR0O1 |30APRO1 |MJB ﬁisposition Tank <13> 45 Deg Tests
[ |
WATPB2326D 82* -1|0BAUGO0A |09FEBO1 |MJB  [Conduct t;m.k <26> Low Temp Test
WATPB2326F 10 -1|12FEBO1 |26FEBO1 |MJB ﬁnalyze Tank <26> Low Temp Test
]
WATPB2326G 10 640|27FEBO1  |12MARO1 |MJB Clean-up Tank <26> Low Temp Tests
[
WATPB2326H 60 640|13MARO1 |06JUNO1 |MJB WDiS?OSition Tank <26> Low Temp Test Waste
WATPB2326| 82* -1|08AUGO0A |09FEBO1 |MJB  [Conduct TRnf <26> 45 Deg Tests
WATPB2326K 10 -1|12FEBO1 |26FEBO1 |MJB W@nalyze Tank <26> 45 Deg Tests
|
WATPB2326L 10 690|27FEBO1 |12MARO1 |MJB ﬁan-up Tank <26> 45 Deg Tests
[
WATPB2326M 10 690|13MARO1 |26MARO1 |MJB %sposition Tank <26> 45 Deg Tests
|
WATPB2330D 82* -1|08AUGO0A |09FEBO1 |MJB  [Conduct t;m.k <30> Low Temp Test
WATPB2330F 10 -1|12FEBO1 |26FEBO1 |MJB ﬁnalyze Tank <30> Low Temp Test
]
WATPB2330G 10 640|27FEBO1  |12MARO1 |MJB ﬁan—up Tank <30> Low Temp Tests
[
WATPB2330H 60 640|13MARO1 |06JUNO1 |MJB WDiS?OSition Tank <30> Low Temp Test Waste
WATPB2330I 82* -1|08AUGO0A |09FEBO1 |MJB  [Conduct TRnf <30> 45 Deg Tests
WATPB2330K 10 -1|12FEBO1 |26FEBO1 |MJB

W@nalyze Tank <30> 45 Deg Tests

Y VV
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Activity Work | Float Early Early Lead EYOL EY02
D Days’ WiiDays = start Al ocT [ Nov | bEc [ JAN [FEB [ MAR [ APR [MAY [ JuN [ JuL [AUG | sEP [ ocT [Nov [ DEC
WATPB2330L 10 690|27FEBO1 |12MARO1 |MJB A {Clean-up Tank <30> 45 Deg Tests
[
WATPB2330M 10 690|13MARO1 |26MARO1 |MJB Disposition Tank <30> 45 Deg Tests
[ |
WATPB2335D 82* -1|0BAUGO0A |09FEBO1 |MJB  [Conduct t;m.k <35> Low Temp Test
WATPB2335F 10 640|12FEBO1 |26FEBO1 |MJB Wﬁnalyze Tank <35> Low Temp Test
[ |
WATPB2335G 10 640|27FEBO1  |12MARO1 |MJB ﬁan—up Tank <35> Low Temp Tests
[ ]
WATPB2335H 60 640|13MARO1 |06JUNO1 |MJB \Dis?osition Tank <35> Low Temp Test Waste
WATPB2335| 82* -1|08AUGO0A |09FEBO1 |MJB  [Conduct TRnf <35> 45 Deg Tests
WATPB2335K 10 -1|12FEBO1 |26FEBO1 |MJB W@nalyze Tank <35> 45 Deg Tests
[ |
WATPB2335L 10 690|27FEBO1 |12MARO1 |MJB ﬁan—up Tank <35> 45 Deg Tests
[ |
WATPB2335M 10 690|13MARO1 |26MARO1 |MJB %sposition Tank <35> 45 Deg Tests
[ ]
WATPB2346D 82* -1|08AUGO0A |09FEBO1 |MJB  [Conduct t;m.k <46> Low Temp Test
WATPB2346F 10 -1|12FEBO1 |26FEBO1 |MJB ﬁnawze Tank <46> Low Temp Test
]
WATPB2346G 10 640|27FEBO1  |12MARO1 |MJB ﬁan—up Tank <46> Low Temp Tests
[
WATPB2346H 60 640|13MARO1 |06JUNO1 |MJB WDiS?OSition Tank <46> Low Temp Test Waste
WATPB2346| 82* -1|08AUGO0A |09FEBO1 |MJB  [Conduct TRnf <46> 45 Deg Tests
WATPB2346K 10 -1|12FEBO1 |26FEBO1 |MJB W@nalyze Tank <46> 45 Deg Tests
]
WATPB2346L 10 690|27FEBO1 |12MARO1 |MJB ﬁan—up Tank <46> 45 Deg Tests
[

Y VV
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Activity Work | Float Early Early Lead EYOL £702
ID Days’ WiiDays = start Al ocT [ Nov | bEc [ JAN [FEB [MAR [ APR [MAY [ JuN [ JuL [AuG | sEP [ ocT [Nov [ DEC
WATPB2346M 10 690(13MARO1 |26MARO1 |MJB i Disposition Tank <46> 45 Deg Tests
[ |
WATPB237D 82* -1|08AUGO0A |09FEBO1 |MJB  [Conduct tgh<7> Low Temp Test
WATPB237F 10 -1|12FEBO1 |26FEBO1 |MJB ﬁnaiyze Tank <7> Low Temp Test
|
WATPB237G 10 640|27FEBO1  |12MARO1 |MJB T:jlean—up Tank <7> Low Temp Tests
]
WATPB237H 60 640{13MARO1 |06JUNO1 |MJB WDiS?OSition Tank <7> Low Temp Test Waste
WATPB237I 82* -1|08AUGO0A |09FEBO1 |MJB  [Conduct TRnf <7> 45 Deg Tests
WATPB237K 10 -1|12FEBO1 |26FEBO1 |MJB W@nalyze Tank <7> 45 Deg Tests
|
WATPB237L 10 690|27FEBO1 |12MARO1 |MJB ﬁan—up Tank <7> 45 Deg Tests
]
WATPB237M 10 690(13MARO1 |26MARO1 |MJB 1Djsposition Tank <7> 45 Deg Tests
]
X-Ray Absorption Spectroscopy
WATPB2201 464* 311|30MAROOA |26SEP02 |RAP  [X-Ray Absprition Spectroscopy (EXAFS)  <HA>
|
|
WATPB2201N o* 27SEPO0A |06NOVOOA |RAP  [EXAFS Stuiy- Draft Report
(—
WATPB2201P 6 759|06NOVOOA |29NOV00 |KJR iEfF S Study - SRTC Review
[ |
WATPB2201R 5 759|30NOV00 |06DEC00 |KJR ﬁeam Review Report - EXAFS Study
|
WATPB2201S 5 759|30NOV00 |06DECO0 |JWM VOE Review Report - EXAFS Study
|
WATPB2201T 5 759/07DEC00 |13DEC00 |MJB Eesolve comments - EXAFS Study
|
WATPB2201U 0 759 13DEC00 |MJB VApprove Vendor Report - EXAFS Study
| i
* vy
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Activity Work | Float Early Early Lead EYOL EY02
o Days Wk Days| _ Start Finish ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AuG | sEP [ ocT [Nov [ DEC
XAFS Studies for Catalyst Identification A ? A
Experimental Methods - XAFS Studies |
WATPB21300 | 210* 565|180CTO00A |21SEPO1  |MJB STTP Jathlyst XAFS Testing <HA>
‘(Not tiel) of downselect)
! i
WATPB21302 8* 660|180CTO0A |01DEC00 |MJB XAFS JDgvelop Contract for XFAS Studies
I
WATPB21304 0 660 01DEC00 |MJB XAFS - Award Contract
4
WATPB21306 0 310CTO00A |MJB XAHB 4Beam Time Confirmation
|
.
WATPB21314 21 597|05FEBO1* |06MARO1 |MJB Pre?are HLW Samples
[ |
WATPB21316 20 579|02APRO1* |30APR0O1 |MJB WSSTPB Catalyst XAFS - Testing
WATPB21318 15 579|01MAY01 |21MAYO01 |MJB | IXAFS Select Test Conditions for Final Case
[ |
WATPB21320 29 627|01MAY0O1 |11JUNO1 |MJB XAFS - Draft Interim Report - STTP Catalyst
|
WATPB21322 5 627|12JUNO1  |[18JUNO1 |IJWM XAFS - DOE Review Interim Report STTP Catalyst]
-
WATPB21324 5 627|12JUNO1  |[18JUNO1 |KJR XAFS - Team Review Interim Report - STTP Catalys
[ |
WATPB21326 5 627|19JUNO1  |25JUNO1 |MJB XAFS - Revise Interim Report - STTP Catalyst
[ |
WATPB21328 0 627 25JUNO1  |MJB XAFS Approve Interim Report - STTP Catalyst]
|
.
WATPB21330 14 579|22MAY01 |11JUNO1 |MJB WXAFS - Prepare Final HLW Samples
[ |
WATPB21332 20 565|02JULO1* |30JULO1 |MJB WXAFS - Final Sample Testing
[ |
WATPB21334 15 565/31JULO1  |20AUGO01 |MJB WXAFS - Analyze Data
[ |
WATPB21336 12 565|21AUG01 |06SEPO1 |MJB XAFS - Draft Final Report - STTP Catalyst
I v | J
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hpfoved CSTR Sample Flow Valve)

pjPlans for Improved Pd/Hg Addition System

Yvy Y VY

Activity Work | Float Early Early Lead EYOL £702
ID Days’ WiiDays = start Al ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AUG | sEP [ ocT [Nov [ DEC
WATPB21338 5 565|07SEP0O1 [13SEP0O1 |JWM XAFS - DOE Review Final Report STTP Catalyst
[ |
WATPB21340 5 565|07SEP01 [13SEP01 [KJR XAFS - Team Review Final Report
[ |
WATPB21342 6 565[14SEP0O1 |21SEPO1 |MJB XAFS - Revise Final Report STTP Catalyst]
[
WATPB21344 0 565 21SEP01 |KJR XAFS Approve Final Report - STTP Catalyst
|
*
WATPB21352 0 180CTO0A |14NOVOOA |LNO Award Ctalyst Consultants Contracts
I
WATPB21354 0 736 18JANO1* |LNO First Catalyst Consultant Meeting
’ 1
WATPB21356 0 697 15MARO1* |LNO “Second Catalyst Consultant Meeting
|
*
TPB - Solubility Data
Bench Scale CSTR Testing (20 L)
WAORN3001 96* 2|010CT99A |03APRO1 |JW Bench Scaje FSTR Studies <HA>
|
WAORN3070 25* 12|20JUNOOA |25DEC00 |JW ICSTR ColdiOpen Loop Tests <HA>
|
|
WAORN3208 0 190CTO0A |01NOVOOA |JW Wash fraduct Slurry From Test 4
And Gdhefate Recycle Filtrate for Test 5.
—
WAORN3209 8* 27|190CTO0A |30NOVOO |JW \Sampl alysis & Data Review
—i
WAORN3210 25*% 12|190CTOOA |25DEC00 |JW CSTR $ldanup, Improvement, Inspection  <HA>
A
——
WAORN3211 20* 12|190CTO0A |18DEC00 |JW Drain, Eldanup & Repair CSTR Feed System
}— o
WAORN3212 0 190CTOO0A |270CTO00A |JW iCamer Yystem - Procure, Test, Modify
(For CYTR Inspection)
=
WAORN3213 0 02NOVOOA |17NOVOO0A |IW Drafn [Clean, Inspect CSTR System
|
WAORN3214 0 230CTO0A |08NOVOOA |IW
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Activity Work | Float Early Early Lead EYOL FY02
ID Days |Wk Days| _ Start Finish ocT [ Nov [ bEC [ JAN [FEB[MAR [ APR [MAY [ JUN [ JuL [AUG [ SEP [ oCT [ NOV [ DEC
WAORN3215 5 12/19DECO0* |25DEC00 | JW \Install & Test Improved Pd/Hg Feed System
(And Sample Flow Valve Improvement)
B
WAORN3216 96* 2|13NOVOO0A |03APRO1 | JW JBTR Closed Loop Hot Cell Test Five <HA>
-
A
WAORN3217 0 13NOVOOA |14NOVO00A |JW ie are Test Plan for Closed Loop Test
AnhdDistribute For Preliminary Review Comments
[ |
WAORN3218 12* 8/20NOV00 [11DECO00 |KJR TC Review of Closed Loop Tes£ Plan
[ ]
WAORN3219 4 1212DECO0 |15DECO0 |JW ﬁddress Comment, Issue Closed Loop Test Plan
|
WAORN3220 0 12 15DECO00 |JW WMilestone A.2.1-1Issue Test Plan - Closed Loop
|
L 2
WAORN3221 14x 21/17NOVOOA |08DECO0 |JW i{e i]e Operating Procedures - Closed Loop Test
L]
WAORN3222 2 16|18DECO0 |19DECO0 |JW hTrain Operators for Closed Loop Operations
L]
WAORN3223 3 20|11DECO0* |13DECO0 |JW Prepare Shift Schedule for CSTR Tests
]
WAORN3224 5 2|02JANO1* |08JANO1 | JW ﬁrepare Simulants And Chemical Feeds
|
WAORNS3225 10 2|09JANOL  |22JANOL | JW %nduct Closed Loop Hot Cell CSTR Test #5
(Impacted by Resource Availability)
- |
WAORN3226 19 2|12JANO1  |07FEBO1 |JW WSam?le Analysis & Data Review - Test # 5
I
WAORN3227 0 653 07FEBOL | JW \Decision - Proceed with Test Six (?)
\
M
WAORN3228 20 650|08FEBO1 [07MARO1 |JW \CSTR Cleanup
I
WAORN3229 25 2|08FEB01 [14MARO1 |JW

|-

|
Prepare Final Report for Test 3,4,&5

(Covers Tests 3, 4 & 5)
.1 Y WY
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Activity Work | Float Early Early Lead EVOL Y02
ID Days |Wk Days| _ Start Finish ocT [ Nov [ bEc [ JAN [FEB[MAR [ APR [MAY [ JUN [ JuL [AUG [ SEP [ oCT [ NOV [ DEC
WAORN3230 0 2 14MARO1 |JW HQ Milestone A2.1-2 Issue Draft Report
| |
DOE HQ Milestone
TTP A.2.-2, Issue report for summarizing CSTR
operations (antifoam and catalyst activation
testing) in support of technology downselection
30 Mar 01
(added this SCIF)
L 2
WAORN3231 4 1/15MARO1 |21MARO1 |KJR Team Comment - Test 3, 4, & 5 Report
[ |
WAORN3232 5 2/15MAR01 [21MARO1 |JWM ﬁOE -SR Comment - Test 3,4, &5
[ |
WAORN3233 5 2|22MAR01 [28MARO1 |JW Resolve Comment Test 3,4, &5
[ |
WAORN3234 4 2|29MARO01 |03APRO1 |JW ﬁpprove & Issue Final Report
[ |
WAORN3235 10 653|08FEBO1 |21FEBO1 |JW \Revise & Reissue Test Plan & Procedures -Test 6
(As Necessary)
[
WAORN3236 2 653|22FEBO1 |23FEBO1 |JW hTrain Operators to Revised Plans & Procedures
1
WAORN3237 5 653|26FEB01* |02MARO1 |JW ﬁrepare Simulant - CSTR Closed Loop Test 6
[ ]
WAORN3238 11 650{08MARO1 [22MARO1 |JW WConduct Closed Loop Hot Cell CSTR Test #6
Test with Cétalyst
Matrix Item 2.4.2
WAORN3239 24 660|13MARO01 [13APR0O1 |JW WSam?Ie ahalysis -Test#6
|
WAORN3240 30 671{23MARO1 |03MAYO01 |JW ICSTR 6Ieanup, waste disposal,
Place in Safe Standby
|
WAORN3241 26 65023MARO1 |27APRO1 |JW WEvaIuate Test Results&Prepare Draft Final Report
WAORN3242 0 650 27APRO1 |JW i!HQ Milestone A2.1-2 Issue Draft Report
|
| DOE HQ Milestone
| TTP A.2.-2, Issue report for summarizing CSTR
| operations (antifoam and catalyst activation
| testing) in support of technology downselection
130 Mar 01
NB: Not currently tied to downselection -
L 2
WAORN3243 7 512|30APR01 |09MAYO01 |KJR

WT]eam Comment - TPB Solubility Test 6 Report

"oy
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Activity Work | Float Early Early Lead EYOL EY02
D Days Wk Days| Start Al ocT [ Nov [ bEc [ JAN [FEB[MAR [ APR [MAY [ JUN [ JuL [AUG [ SEP [ oCT [ NOV [ DEC
WAORN?3244 10 642|30APR0O1 [11MAYO01 [JWM |\DOE - SR Comment - TPB Solubility Test 6 Report
[}
WAORN3245 10 642|14MAY01 |25MAY01 |JW \Resolve Comment - Test 6 Solubility Report
[ |
WAORN3246 5 650{28MAY01 |01JUNO1 |JW ﬁpprove & Issue Final Repart -Test 6
Tie to downselect made thru test five..
[ |
WAORN3247 72* 565(21JUNO1 |28SEP01 |JW ‘CSTR D&D <HA>
A
WAORN3248 10 560({21JUNO1* |05JULO1 JW CSTR D&D - Chemical Clean Equipment
IStart Restrained by end of ASTEAM950 -
DOE Technology Selection
[}
WAORN3249 30 560|06JULO1 16AUGO01 |JW WCSTR D&D - Disassemble Equipment
|
WAORN3250 20 560|17AUG01 [14SEP01 |JW Remove Equipment from Cell &Package For Disposal
I
WAORN3251 10 560|17SEP01 |28SEP01 |JW CSTR D&D - Cell Wipe Down
|
WAORN3252 5 565|17SEPO1 |21SEPO1 |JW CSTR D&D - Transport Package to Disposal Areal
[
TPB - Antifoam Physical Properties
Antifoam Test - Simulant Waste - Bench Scale
WATPB51000 1* 774|03APR0O0OA |20NOVOO |DPL 1T Recomme dation <HA>
WATPB52940 0 040CTO00A |300CTO00A |DPL Antifoam Fegt- Incorporate Comments to Report
WATPB52950 0 774 20NOV00 |KJR Afltifoam Test- Approve Report, Final Recommend
Antifoam - Irradiated Test
WATPB53000 64* 616|18SEPOOA |23FEBO1 |JRH Irradiated An§foam Testing <HA>
—
Impact of ir tion on IITB 52 on:
CSTR Rrdipitation
Concefptrition
Washifig Cycles
WATPB53030 0 18SEPOOA |06NOVOOA [JRH  |Antifoam- Hlpare Technical Task Plan
| I— |
WATPB53040 0 06NOVO0A |JRH Msu e Availability of Irradiation Chamber
| |
Yy vy
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Activity Work | Float Early Early Lead EYOL EY02
1D Days Wk Days| Start Finish ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AuG | sEP [ ocT [Nov [ DEC
WATPB53050 0 06NOVOOA |13NOVO00A |JRH YAnfif@am- Review Technical Task Plan A
[ ]
WATPB53060 0 14NOVOOA |20NOVOOA |JRH Wntifoam- Revise Technical Task Plan
[ ]
WATPB53070 0 616 22NOV00* |JRH 'A tifoam- Approve Technical Task Plan
|
*
WATPB53080 0 06NOVOOA |14NOVOOA |JRH ﬁnlif am- Develop Quality Plan
[ |
WATPB53090 0 14NOVO0OA |JRH Wnffoam- Approve Quality Plan
*
WATPB53100 18* 616|20NOVO0OA |20DECO0 |JRH i tifoam Irradiation Test
— ]
WATPB53200 2 616|21DECO0 |22DECO00 |JRH VAntifoam - Determine Irradiation Impacts
1
WATPB53310 22 616|27DEC0O0 |26JANO1 |JRH WDetermine Fate of IITB 52 in DWPF Processes
Fate of IITB 52 in DWPF Prdcesses:
Hydrolysis Step
Impact on Kinetics of Hydrolysis
— !
WATPB53320 8 489|29JAN01 08FEBO1 KJR ﬁﬂifoam Report - Team Comment
|
WATPB53330 10 616|29JANO1 09FEBO1 |JWM ﬁtifoam Report - DOE Comments
|
WATPB53340 5 616|12FEBO1 |16FEB01 |JRH ﬁntifoam Report - Resolve Comments
[ |
WATPB53350 4 616|20FEBO1 |23FEBO1 |JRH ntifoam Report - Incorporate Comments
[}
WATPB53390 0 616 23FEBO1 |KJR ntifoam Report - Approve
*
Antifoam Analytical Technique
WATPB54 31* 649|110CTO0A |08JANO1 |DPL AntifoaaAwlytical Technique Development
SCIF Perfdigg
Antifoam - Real Waste Test
WATPB56 70* 641|26FEBO1 |05JUNO1 |RAP Real Waste Antifoam Test <HA>
A J
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Activity Work | Float Early Early Lead EYOL FY02
ID Days |Wk Days| _ Start Finish ocT [ Nov [ bEC [ JAN [FEB[MAR [ APR [MAY [ JUN [ JuL [AUG [ SEP [ oCT [ NOV [ DEC
WATPB56A 15 616|26FEBO1 16MARO1 |RAP (Real Waste Antifoam Test - Prepare for Tests
Schedule to be further detailed after
irradiation tests
(Driven by ASTPB53390 - Antifoam Report - Appro
—— |
WATPB56C 15 616|19MARO1 |06APRO1 |RAP 1Real Waste/Lab Scale Test w/Most Effective Agent
[ |
WATPBS56E 15 616|09APR01 |30APRO1 |RAP 1Real Waste Antifoam Test - Analyze Tests
[ |
WATPB56G 15 616|01MAYO1 |21MAYO1 |RAP WDraft Real Waste Antifoam Test Report
WATPB56J 10 616|22MAY01 |05JUNO1  |KJR Review/Approve Real Waste Antifoam Test Report]
[
WATPB56K 0 641 05JUNO1  |KJR VApprove Real Waste Antifoam Test Report
|
NB: Not currently tied to downselect
L 2
WATPB56P 20 616|13JUNO1  |11JULO1 RAP Real Waste Antifoam Test - Dispose of Waste)
[ |
TPB Real Waste Testing
TPB Real Waste Testing
WATPB4400 101* -8|18SEPOOA |18APRO1 |JTC TPB Real Wagte Testing <HA>
WATPB4401 3* 772|18SEPOOA [22NOV00 |JTC Prepare Takklinitiation Documents <HA>
—
| —
WATPB4409 0 110CTOO0A |200CTO0A | TBP Review /[fpgbrove TTP for Real Wst Design/Testing
[
WATPB4411 3* 772|200CTO0OA [22NOV0O0 |TBP Issue IT® for Real Wst Design/Testing
1
WATPB4414B 10* 56|300CT00A |O5DEC00 |TBP Chafladterize SampleTesting on Real Waste
Tied w nloading of Tank 37 Sample for CSSX
RealjWhste Testing ASCXS2303
—
WATPB4414C 5 761|05DECO0* |11DEC00 |TBP Perform AntifoamTesting on Réal Waste
Tied to Unloading of Tank 37 Safnple for CSSEX
Real Waste Testing ASCXS2303
] |
WATPB4425 5% -5/20NOV00 |29NOVO00 |LC Djvemp Design Output : <HA>
I |
WATPB4427 0 230CTO0A |15NOVOO0A |LC DevelppfProduce Design - Real Waste Test
l Y vwy

Sheet 68 of 77



Activity Work | Float Early Early Lead EYOL £702
D Days Wk Days| Start Finish ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AuG | sEP [ ocT [Nov [ DEC
WATPB4429 o* 230CTO00A |08NOVOOA |LC DevelppfProduce Controls Design ‘ A
|
WATPB4431 35 -8/15NOVO00A [27NOV00 |[LC \Hediew/ Approve Design for Real Waste Test
ajpr Change in Scope
Hvdluate Schedule/Cost Impact 27 November
= |
WATPB4433 2 -8|28NOV00 |29NOV00 |LC \ksue Design for Real Waste Test
]
WATPB4435 21* -10|18SEPOOA |20DECO0 |TBP Obtain Equipnent <HA>
|
WATPB4436 13* -2|18SEPOOA |08DEC0O0 |TBP Procure Equi me‘nt
Offsite Equ nt/ 1/0 or PLC Rack
Potential S ule Slippage - Computer Delivery
=11
WATPB4437 15 -10|28NOV0O0 |18DECOO0 |TBP abricate Equipment Rack
I
WATPB4441 2 -10|19DECO0 |20DECOO0 |TBP Perform Fabrication Checkout
]
WATPB4445 28* -10|21DECO0 |01FEBO1 |TBP Assemble Equipment <HA>
|
WATPB4447 5 -10|21DECO0 |29DECOO0 |TBP VAssemble Rack
[
WATPB4449 20 12|30NOV0O0O |29DECO0 |TBP Vevelop/Write Ops instructions
L ]
WATPB4451 5 -10|{02JANO1 |08JANO1 |TBP Estall I/0 Wiring
[
WATPB4453 5 -10|09JANO1 15JANO1 | TBP ﬁerform Instrument Calibration
|
WATPB4454 29 -9|30NOV00 [12JANO1 |TBP VEVElOS Software
L]
WATPB4455 5 -10|16JANO1 |22JANO1 |TBP Load Software & Configure DAS
[
WATPB4457 3 -10|{23JANO1  |25JANO1 |TBP \Perform Checkout and Water Test
[
WATPB4459 2 -10|26JANO1  |29JANO1 |TBP FECheck 1/0 Wiring
|
[}
WATPB4461 3 -8/30JANO1 |O1FEBO1 |TBP

Resolve Water test issues

W A 4 VViV
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Activity Work | Float Early Early Lead EYOL EY02
D Days’ WiiDays = start Al ocT [ Nov [ DEC [ JAN [FEB[MAR [APR[MAY [ Jun [ JuL [AuG [ sEP [ ocT [Nov [ DEC
WATPB4465 11* -8/02FEBO1 |16FEBO1 |TBP §Simulant Testing Run <HA>
-
WATPB4467 2 -9|02FEBO1 |O5FEBO1 |TBP :!Perform Readiness Review
=
WATPB4469 2 -9|31JANO1 |01FEBO1 |TBP \Issue Operator Training Package
[}
WATPB4471 5 -9|06FEBO1 |12FEBO1 |TBP Equipmem Checkout and Preparation
[
WATPB4473 7 -13|13FEBO1 |19FEBO1 |TBP ﬁerform Simulant Test
A
[ ]
WATPB4474 2 -8|/06FEBO1 |07FEBO1 |TBP Perform Conduct of R&D Checklist
[
WATPB4475 6 -9|05FEBO1 |12FEBO01 |TBP Prepare Simulant for Test Runs
[
WATPB4477 5 8|20FEBO1 |26FEBO1 |TBP ﬁnalyze Simulant Test Results
[ |
WATPB4479 5 -8|20FEB01 |26FEBO1 |TBP Resolve Simulant Test Run Issues
|
WATPB4481 14* -8|27FEBO1 |16MARO1 |TBP Real Waste Test Run <HA>
[ |
WATPB4482 3 -8/27FEBO1 |01MARO1 |TBP hCIean Test Rig
]
WATPB4483 2 -8|27FEBO1 |28FEBO01 |TBP hPerfOfm Readiness Review
[
WATPB4484 1 -8|01IMARO1 |01MARO1 |TBP Tesolve Readiness Review Issues
1
WATPB4485 3 -8/27FEBO1 |01MARO1 |TBP hprepare Hot Cell for Installation
]
WATPB4486 3 -8/27FEBO1 |01MARO1 |TBP hPerform JHA
]
WATPB4487 3 -8/02MARO1 |06MARO1 |TBP Tanstall Equipment into Hot Cell
[}
WATPB4489 3 -8/07MARO1 |09MARO1 |TBP

hPrepare Equipment for Active Test Run

YW vy
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Activity Work | Float Early Early Lead EYOL EY02
D Days’ WiiDays = start Al ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AuG | sEP [ ocT [Nov [ DEC
WATPB4491 7 -10|10MARO1 |16MARO1 |TBP Perform Active Test Run
[
WATPB4493 10 -8|19MARO1 |30MARO1 |TBP Analyze Samples
[ |
WATPB4495 10 676|02APR0O1 |16APRO1 |TBP WDiSpose of Waste Samples
[ ]
WATPB4499A 20* -8|21MARO1 |18APRO1 |TBP Real Waste Test Report <HA>
|
WATPB4499B 10 -8|21MARO1 |03APRO1 |TBP %ﬁt Report - Hot Cell TPB Real Waste Test
[
WATPB4499E 5 -8|04APR0O1 |10APRO1 |TBP 1Team Comment Report - Hot Cell TPB Real Waste
[
WATPB4499F 5 -8|04APRO1 |10APRO1 |JWM ﬁOE Comment -Hot Cell TPB Real Waste Test
[
WATPB4499G 2 -8/11APR0O1 [12APRO1 |TBP hResoIve Comments - TPB Real Waste Test
[]
WATPB4499H 3 -8|16APR0O1 |18APRO1 |TBP hPrepare Final Report - Hot Cell TPB Real Waste
[}
WATPB4499| 0 -8 18APRO1 |KJR VApprove Report - Hot Cell TPB Real Waste Test
|
*
Selection Support & Engineering
SPP - Citizen's Advisory Group Meetings
WACABO0000 368* 249|04NOV99A |26SEP02 |KJR  [CAB Salt Hrokessing Focus Group Interface <HA>
|
|
WACAB2001 163* 454|240CT00A |17SEP01 |KJR Citizen'd Advisory Board Meetings -2001  <HA>
‘_
‘Plug llatls for CAB Meetings
WACAB210 0 240CTO00A KJR Citizel'n's Advisory Board Meeting
|
*
WACAB212 0 01NOVOOA KJR \Citiderfs Advisory Board Meeting
|
»
WACAB214 0 603|18DEC00* KJR \Citizen's Advisory Board Meeting
| ‘
¢
WACAB216 0 590|15JANO1* KJR \Citizen's Advisory Board Meeting
| |
4 Y vy y

Sheet 71 of 77




Activity Work | Float Early Early Lead EYOL EY02
D Days’ WiiDays = start Al ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AuG | sEP [ ocT [Nov [ DEC
WACAB218 0 567 |26FEBO1* KJR Citizen's Advisory Board Meeting
|
L 2
WACAB220 0 555|19MARO01* KJR Citizen's Advisory Board Meeting
|
L 2
WACAB222 0 540|16APRO1* KJR \Citizen's Advisory Board Meeting
|
L 2
WACAB224 0 520|21MAY01* KJIR \Citizen's Advisory Board Meeting
—
L 2
WACAB226 0 505|18JUNO1* KJIR \Citizen's Advisory Board Meeting
L 2
WACAB228 0 490|16JULO1* KJIR \Citizen's Advisory Board Meeting
|
L 2
WACAB230 0 470|20AUGO1* KJIR Citizen's Advisory Board Meeting
|
L 2
WACAB232 0 454 17SEPO1* |KJR Citizen's Advisory Board Meeting
L 2
WAFGM2001 156* 461|01NOVOOA [04SEPO1 (KJR ‘CAE Shit Processing Focus Group (FY 2001) <HA>
—
A
WAFGM310 0 01NOVOOA KJR SaltjPrbcessing Focus Group Meeting
|
L 2
WAFGM320 0 07NOVO0OA KJR \Sajt Rrocessing Focus Group Meeting
| i
’ |
WAFGM330 0 610|05DECO00* KJR J\Salt Processing Focus Group Meeting
\
Exact Dates to be Determined
| 4
WAFGM340 0 593|09JANO1* KJR \Salt Processing Focus Group Meeting
|
L 2
WAFGM350 0 577 |06FEBO1* KJR \Salt Processing Focus Group Meeting
|
L 2
WAFGM360 0 562 | 06MARO1* KJR \Salt Processing Focus Group Meeting
L 2
WAFGM370 0 546 |03APRO1* KJR \Salt Processing Focus Group Meeting
| |
’ 1
WAFGM380 0 531|01MAY01* KJIR HSaIt Processing Focus Group Meeting

Yoy

Y Y
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Activity Work | Float Early Early Lead EYOL EY02
D Days’ WiiDays = start Al ocT [ Nov [ bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AuG [ sEP [ ocT [Nov [ DEC
WAFGM390 0 513|04JUNO1* KJIR \Salt Processing Focus Group Meeting
|
L 2
WAFGM410 0 493|10JULO1* KJIR \Salt Processing Focus Group Meeting
|
L 2
WAFGM420 0 477 |07AUGO01* KJIR Salt Processing Focus Group Meeting
L 2
WAFGM430 0 461 04SEPO01* |KJR Salt Processing Focus Group Meeting
|
*
Common System Design Documents
WADOC1000 106* 511|090CTO00A |05JUNO1 |RWB Develop Fommon System Design Documents  <HA>
|
WADOC1010 0* 090CTOOA |300CTO00A |[RWB Develop Byktem Boundary, Acronyms
[ |
WADOC1020 0 300CTO00A |13NOVOOA |RWB Idenflif§ Process System Interfaces
[ |
WADOC1030 4* 511|14NOVOOA |28NOV00 |RWB Hodtion Paper - Common Systems
evklop & Issue
[
WADOC1050 5! 511|29NOV00 |06DECO0 |RWB ﬁemCt Common Systems
-
WADOC1060 6 511|07DEC0O0 |18DEC0O0 |RWB ﬁaluate Schedule & Funding- Common Systems
[ |
WADOC1070 91 511(19DEC00 [05JUNO1 |RWB V‘Develop Selected Design Input Docw‘ments
WADOC1199 0 511 05JUNO1 |RWB \Formal Release of Design Input Documents
|
*
Liason Meetings
WAMTG110 0 625|28DEC00 JWM DOE Quarterly Programmatic Review
WAMTG120 0 625|28MARO1 JWM \DOE Quarterly Programmatic Review
WAMTG130 0 625|28JUNO1 JWM \DOE Quarterly Programmatic Review
|
WATAG160 0 250CTO0A |270CTO00A |JWM DOE § Tgchnical Advisory Team - Oct Meeting
Plug Te tings added this SCIF |
Y Yy
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Activity Work | Float Early Early Lead EYOL EY02
D Days’ WiiDays = start Al ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AUG | sEP [ ocT [Nov [ DEC
WATAG180 2 671|08DEC00* |11DECO00 |JWM 1DOE - Technical Working Group - December Meeting
Exact Date TBD

WATAG190 2 671|28DEC0O0 [29DEC00 |JWM 1DOE - Technical Working Group - January Meeting

\

Exact Date TBD

WATAG200 2 671/30JANO1  |31JANO1 |JWM \DOE - Technical Working Group - Meeting

Exact Date TBD
WATAG210 2 671/02MAR01 |05MARO1 |JWM DOE - Technical Working Group - Meeting

Exact Date fBD
WATAG220 2 671|03APRO1 |04APRO1 |JWM hDOE:— Technical Working Group - Meeting
Exact Date TBD
WATAG230 2 671|20APRO1 |23APRO1 |JWM \DOE - Technical Working Group - Meeting
Exact Date TBD

Custom Model Conversion

WAPROC0402 0* 040CT99A |14NOVOOA |JTC  [Custom Mdddlling <HA>
WAPROC0479 0 14NOVOO0A |JTC \HY PO00 Custom Modelling Complete
F
I'y
F
WAPROC0492 0 08JUNOOA |14NOVOOA |JTC  |Custom Mdddller Validation
WAPROC0498 0 14NOVOO0A |JTC Wpfrove Custom Modeller Validation
|
L |

Supplemental Environmental Impact Statement

WASEIS1600 8* 0|15SEPO0OA |01DECO00 |JWM  [NUS - Inco:g rate Comments to Draft SEIS
L]
WASEIS1900 0 0 01DEC00 |[JWM INUS - Issue Concurrence Draft SEIS to HQ
L 2
WASEIS2100 5 0/|01DEC00 |07DEC00 |JWM DOEHQ - Review & Approve Draft SEIS
raft for EH-1 targetted for October 6.
ssumes that date of SEIS to EPA will be
upported despite potential delays
n incorporation of comments to the draft SEIS
— |
WASEIS2300 0 0 07DEC00 |JWM NUS - Camera Ready Approved Draft SEIS
|
* |
WASEIS2400 6 0[08DEC00 [15DEC00 |JWM ﬁOE - Print & Distribute Draft SEIS
[}

Y VV
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Activity Work | Float Early Early Lead EYOL EY02
1D Days Wk Days| Start Finish ocT [ Nov | bEc [ JAN [FEB[MAR [ APR [MAY [ JuN [ JuL [AuG | sEP [ ocT [Nov [ DEC
WASEIS2900 0 0 15DEC00 |JWM \DOE - File Draft SEIS with EPA
|
L 2
WASEIS3100 7 0|15DECO00 |21DECO00 |JWM \EPA - Publish Notice of Availability-Draft SEIS
[ ]
WASEIS3200 47 0[22DEC00 |06FEBO1 |JWM WDOE - 45 Day Public Comment Period
|
WASEIS3300 1 26/09JANO1 |09JANO1 |JWM hDOE - Public Meeting - Columbia SC
(|
WASEIS3410 1 26/11JANO1 |11JANO1 |JWM hDOE - Public Meeting- North Augusta SC
WASEIS3420 25 0|07FEB01 |14MARO1 |JWM NUS - Evaluate/Disposition Public Comments
I
WASEIS3440 20 0|07FEBO1 |14MARO1 |KJR \Salt Team - Evaluate/Disposition Public Comments
I
WASEIS3510 55 0[15MARO1 [01JUNO1 |JWM WDOE—H? - Review Final SEIS Prior to Selection
WASEIS3512 14 65/15MAR01 |28MARO1 |KJR %t Team - Review Final SEIS Prior to Selection
-
WASEIS3520 0 -13 20JUNO1 |JWM \DOE-HQ - Technology Selection
|
ibriven by Technology Down Selection
*
WASEIS3530 29 -5/21JUNO1 |01AUGO1 |JWM DOE—HS - Review Final SEIS After Selection
I
WASEIS3600 16 -5/02AUG01 |23AUGO01 |JWM Resolve & Incorporate HQ Comment]
I
WASEIS3710 0 -5 23AUG01 |JWM NUS - Camera Ready, Approved Final SEIS]
|

*
WASEIS3720 7 -6/24AUGO01 |30AUGO1 |JWM DOE - Print & Distribute Final SEIS]

|
WASEIS3730 6 -5|24AUGO01 |31AUGO1 |JWM NUS - SEIS Administrative Record File]

[ |
WASEIS3900 0 -1 07SEP01 |JWM DOE- File Final SEIS with EPA|

|
*

WASEIS4100 7 -14|08SEPO1 |14SEPO1 |JWM EPA- Publish Notice of Availability - Final SEIS|

I v

Sheet 75 of 77



Activity Work | Float Early Early Lead EYOL EY02
D Days Wk Days| Start Al oct [ Nov | DEC [ JAN [FEB [MAR [ APR [MAY [ JUN [ JuL [AUG [ SEP | OCT [NOV [ DEC
WASEIS4200 30 -14|15SEPO1 [140CT01 |JWM DOE - Thirty Day Waiting Period|
I
Pilot Plant (Technical Demonstration Unit)
Technical Demonstration Unit - Summary
WATDU0000 427* 348|180CT00A |05AUG02 |RWB TDU- Plarining, Development, Implementation <HA>
ini ToUlAftivities new for FY 01
‘Detail td b clarified by SCIF at a later date
TDU - Conceptual Engineering ‘ |
WATDU1000 283* 392|180CTO00A |09JANO2 RWB DesigniTd@chnical Demonstration Unit <HA>
! i
WATDU1050 140* 394|180CTO0A [13JUNO1 |RWB Develop DU Functions and Regquirements
|
WATDU1100 140* 394|180CTO0OA |13JUNO1 |RWB \TDU PIaninq and Preparation
WATDU1210 50 484|20NOV0O0 |02FEBO1 |RWB YU - Late Wash Configuration E\/aluation
WATDU1400 21 394|14JUNO1 |13JULO1 LC Re-assess TDU Schedule
I
WATDU1700 16 312|18JUNO1 |16JULO1 LC S| - Develop F&R TDU Systems
[ |
WATDU1710 0 312 16JULO1 KJR DA - Approve TDU Functions and Requirements
*
WATDU1720 80 312|17JULO1 06DECO1 |LC \DE - Develop TDU Systems Design
WATDU1740 30 312|290CT01 |20DECO01 |LC Prepare Estimates and Schedule Detail
|
WATDU1800 8 312|10DECO01 |20DECO01 |KJR DA - Review Conceptual TDU System Design
WATDU1810 0 312 20DEC01 |KJR Team - Approve TDU Design Report]
|
*
TDU - Design for Late Wash D & R
WATDU1220 50 501|05FEBO1 17APRO01 |RWB WTDU - Desi?n for Late Wash D & R
|
WATDU1240 44 501|18APR0O1 |19JUNO1 |LC WConstruction - Perform Late Wash D & R
! A J A J
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Activity Work | Float Early Early Lead EYOL EY02
ID Days Wk Days|  Start Finish ocT | Nov [ DEC [ JAN [FEB [MAR [ APR [ MAY [ JUN [ JuL [AUG [ SEP | OCT [ NOV [ DEC

TDU - Case Specific Design & Engineering A A
WATDU1300 143* 392|14JUNO1 | 09JANO2 LC 1TDU - Specific Design <HA>
WATDU1730 80 312|17JULO1 06DECO1 |LC PC&T - Support TDU Equipment & Control D(‘esign
WATDU1910 8 312|26DEC0O1 |09JANO2 |LC DE - Prepare Bid Packages for TDU Systemﬁ

[
WATDU1920 0 392 09JANO2 LC
WATDU1930 100 392|10JANO2 03JUNO2 |LC
TD04
WATDU3000 297* 348|01NOVO0A |29JANO02 TDU- Prrange Permits
WATDU3300 0 509 29JANO02
TDO05
WATDU4000 130 348|30JANO2 05AUG02 |LC
WATDUG610 0 348 05AUG02 |RWB

Technology Down Selection Process
Technology Down Selection Process
WATEAM910 0 -13 25APR01 |KJR YTeam - Approve Individual S&T Reports
|
L 4
WATEAM920 8 -13|26APR01 |07MAYO01 |KJR ﬁam - Prepare Summary S & T Report
[ |
WATEAM930 0 -13 07MAY01 |KJR Team - Approve & Submit Summary S & T Report
|
L 4
WATEAM940 31 -13|08MAY01 |[20JUNO1 |JWM WDOE—SR & HQ - Technology Evaluation
|
WATEAM950 0 -13 20JUNO1 |JWM |DOE—HQ - Technology Selection
*
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