
,, 

Pretreatment 
Technology 
Plan 

Prepared for the U.S. Department of Energy 
Office of Environmental Restoration 
and Waste Management 

~ WestinKflouse 
~ Hanford Cmnpany Richland, Washington 

Hanford Operations and Engineering Contractor for the 
U.S. Department of Energy under Contract OE-AC06-87RL10930 

RECORD COPY 

Approved for Public Release 

0031868 

WHC-EP-0629 



LEGAL DISCLAIMER 
This report was prepared as an account of work sponsored by 
an agency of the United States Government. Neither the 
United States Government nor any agency thereof, nor any of 
their employees, nor any of their contractors , subcontractors 
or their employees, makes any warranty, express or implied, 
or assumes any legal liability or responsibility for the 
accuracy, completeness, or any third party 's use or the results 
of such use of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe 
privately owned rights . Reference herein to any specific 
commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise, does not necessarily 
constitute or imply its endorsement, recommendation, or 
favoring by the United States Government or any agency 
thereof or its contractors or subcontractors . The v11ws and 
opinions of authors expressed herein do not necessarily state 
or reflect those of the United States Government or any 
agency thereof. 

This report has been reproduced from the bast available copy . 
Available in paper copy and microfiche. 

Available to the U.S. Department of Energy 
and its contractors from 
Office of Scientific and Technical Information 
P.O. Box 62 
Oak Ridge. TN 37831 
(615) 576-8401 

Available to the public from the U.S. Department of Commerce 
National Technical Information Service 
5285 Port Royal Road 
Springfield, VA 22161 
(703) 487-4650 

Prinled in 1111 Unii.d Stalel of Aaeriu 

OISCLM•t .CHP (1-91 ) 



l 
I ,. 

I 
WHC-EP-0629 

UC-600 

Pretreatment Technology Plan 
S. A. Barker 
Westinghouse Hanford Company 

C. K. Thornhill 
L. K. Holton 
Pacific Northwest Laboratory 

Date Published 
March 1993 

Prepared for the U.S. Department of Energy 
Office of Environmental Restoration 
and Waste Management 

~ Westinghouse P.O. Box 1970 
\.::) Hanford Company Richland, Washington 99352 

Hanford Operations and Engineering Contractor for the 
U.S. Department of Energy under Contract DE-AC06-87RL 10930 

Approved for Public Release 



Date Received: 

3/24/9'3<1> INFORMATION RELEASE REQUEST 
lete for all T s of Release 

Reference: 
\IHC-CM-3-4 

ID Nunber (include revision, volune, etc.) 
[J Speech or 
Presentation 

[] 
[] 

[] Full Paper 
[J Sunnary 
[] Abstract 
[] Visual Aid t 
Speakers Bureau 
Poster Session 
Videota 

(Check 
only one 
suffix) 

CJ Reference 
[Xl Technical Report 
[] Thesis or 
Dissertation 
[] Manual 
U Brochure/Flier 
[l Software/Database 
Cl Controlled Docunent 
Cl Other 

Title Pretreatment Technolo~y Pl an 

WHC-EP-0629 
List attachments. 

Date Release Required 

3/31/93 
Unclassified Category 
UC-600 

Irrpact 4 Level 

New or novel (patentable) subject matter? [ X] No [] 
Yes 

Information received from others in confidence, such as 
proprietary data, trade secrets, and/or inventions? 

has disclosure been submitted by WHC or other [X] No [] Yes (Identify) 

Yes Disclosure No(s). 

Copyrights? [X] No [] Yes 
If "Yes", has written permission been granted? 
[] No [] Yes (Attach Permission) 

Trademarks? 
[X] No [] Yes (Identify) 

C lete for S eech or Presentation 
Title of Conference or Meeting Group or Society Sponsoring 

Date(s) of Conference or Meeting City/State 

Title of Journal 

Will proceedings be 
published? 
Will material be handed 
out? 

[] Yes 
[] Yes 

[] No 
' [] No 

CHECKLIST FOR SIGNATORIES 
Review Required per WHC-CM-3-4 

Classification/Unclassified 
Controlled Nuclear Information 
Patent· General Counsel 

Legal - General Counsel 

Applied Technology/Export 
Controlled Information or 
International Program 
\IHC Program/Project 

Conm.mi cati ans 

RL Program/Project 

Publication Services 

Other Program/Project 

Information conforms to all a 

References Available to Intended 
Audience 

Transmit to DOE-HQ/Office of 
Scientific and Technical 
Information . 1• 

[] 
[X] 
[X] 

[] 
[X] 
[] 

[X] 
[X] 
[] 

[X] 

[X] 
Author/Requestor (Printed/Signature), / 

S. A. Barker , 't.... 'u,/...PJ--

[X] 
[] 
[] 

[X] 
[] 

[X] 
[] 
[] 

[X] 

[] 

[] 
Date 

Intended Audience 

[] Internal [] Sponsor [X] External 

Responsible Manager (Printed/Signature) Date 

J. N. Appel 

BD-760O-O62 (08/91) \IEFO74 

Reviewer - Signature Indicates Approval 
Name (printed) Signature 

t.J nuJ 

J. C. Peschon , sl· 9..? 
M. K. Oldfield - 3 J-43 

The above information is certified to be correct. 
INFORMATION RELEASE ADMINISTRATION APPROVAL STAMP 

Starrp is required before release. Release is contingent upon 
resolution of mandatory conments. 

Date Cancelled Date Disapproved 

Part 1 



WHC-E~-O629 

Document Title: PRETREATMENT TECHNOLOGY PLAN 

Prepared by: 
_......,..s. A. Barker 

Prepared by: 
C. K. Thornhill 

Prepared by: 

Approved by: 

3/31/13 
Date 

3/·3i/q,3 
Date 

·3/3i/qB 
Date 

,Ji 80/93. 
Date 



WHC-EP-0629 

This page intentionally left blank. 

iv 



WHC-EP-0629 

ACKNOWLEDGEMENTS 

The authors of this report would like to acknowledge the efforts and 
contributions of the following authors and support personnel. Without their 
contributions, this report could not have been produced. The additional 
contributors include L. R. Bunnell (PNL), C. D. Carlson (PNL), 
M. J. Danielson (PNL), K. Eager, E. 0. Jones (PNL), M. J. Klem, 
D. E. Kurath (PNL), B. C. Landeene, G. J. Lumetta (PNL), G. T. Maclean, 
C. D. Meng, R. M. Orme, M. E. Payne, and L. J. Silva (PNL). 

V 



WHC-EP-0629 

This page intentionally left blank. 

vi 



WHC~EP-0629 

FORWARD 

The Pretreatment Technology Plan has been prepared to present the 
technology development work required for the Tank Waste Remediation 
System (TWRS) Program to meet Hanford Federal Facility Agreement and Consent 
Order (Tri-Party Agreement) milestones. Specifically, this program supports 
the December 1999 startup of the Hanford Waste Vitrification Plant (HWVP) by 
supplying sludge-washed solids for feed to the facility. Following the 
startup of the HWVP, pretreatment operations are supported that provide 
continuous operations of the facility. Additional processing capabilities -­
either a central facility or distributed compact facilities -- will be brought 
online in the time period between 2005 and 2015. In addition, process 
technology will be developed to support efforts to reduce radionuclide 
concentrations in aqueous streams being immobilized in the low-level waste 
form. 

The development of technology as presented in this report assumes that 
research and process development activities are not constrained by budgetary 
and resource (i.e., staffing and facility) limitations. This strategy also 
presents extensive efforts at the parallel development of redundant processes· 
through the early phases of the program. This development of redundant_ 
processes is being performed to reduce program risk due to the early 
development status of the processes being proposed. As the program progresses 
and the process technology matures, decision points are presented that reduce 
the number of processes being carried forward. 

Currently, the TWRS program activities are being re-evaluated and 
reprioritized. Consequently, substantial changes are being .made to the TWRS 
strategy. Originally; this Pretreatment Technology Plan would directly 
support the TWRS Integrated Technology Plan. However, because of proposed 
changes in TWRS Program strategy (as a result of direction from the TWRS 
leadership council) and the required release date of this document, the 
changes that are being made to the Pretreatment technology planing to support 
the new proposed TWRS integrated program are not reflected in this release of 
the Pretreatment Technology Plan. Once the TWRS Program strategy has been 
developed and agreed to by the.parties interested in the environmental 
restoration of the Hanford Site, this document will be updated and 
re-released. It is expected that this document will be revised on an annual 
basis to reflect current program objectives, plans, and status. 

Costs pertaining to this program are not presented in this document. Due 
to the proposed substantial changes to the Pretreatment Program, costs 
currently developed do not reflect the revised strategy. Projected costs 
relating to the Pretreatment Technology Program will be published in the 
Integrated Technology Plan, and in the TWRS Multi-Year Program Plan later this 
fiscal year. In addition, costs pertaining to pretreatment technology will be 
published in future revisions of this document. 
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1.0 INTRODUCTION 

1.1 BACKGROUND 

The U.S. Department of Energy {DOE} established the Tank Waste 
Remediation System {TWRS} to safely manage and dispos~ of the radioactive 
wastes {current and future) stored in double-shell tanks {DST) and 
single-shell tanks {SST) at the Hanford Site. TWRS is composed of six major 
program elements, including Pretreatment, which is the subject of this 
technology plan. Before TWRS was formed, pretrea~ment development was based 
on the Record of Decision (ROD) (DOE 1988) from the Hanford Defense 
Waste-Environmental Impact Statement (HOW-EIS) (DOE 1987), which only 
addressed DST wastes. At that time needs were identified for dissolving 
soluble salts through sludge washing, removing cesium by ion exchange, and 
extracting transuranics {TRU) based on solvent extraction (SX) processes. 
These, plus many other alternative processes, are now being evaluated for 
application to TWRS as part of the rebaselining development effort associated 
with the disposal of both the DSTs and SSTs. 

A national technology workshop was held in June 1992 as part of the 
TWRS technology planning efforts. During this workshop, a pretreatment 
technology working group {TWG) met to identify, evaluate, and prioritize 
candidate technologies in a systematic manner, as was done by each of the 
other program elements. This process, the workshop participants, and the 
results are summarized in the Proceedings from the workshop, TWRS National 
Technology Workshop. Nine pretreatment systems were presented to the TWG, 
which had previously been evaluated on the basis of cost, schedule 
compatibility, technical performance, Environmental Safety and Health (ES&H), 
and institutional acceptance. The TWG identified functional needs, which are 
specific capabilities required to implement a pretreatment system, and 
evaluated on the basis of centrality to the system, uncertainty reduction, 
urgency, and enhancement potential. Then, known technologies were identified 
for each functional need and1evaluated on the basis of needs met, technical 
feasibility, schedule compatibility, and cost. 

This plan summarizes the results of the workshop and other working group 
meetings as follows. 

• The objectives for tank waste pretreatment processes were 
identified. 

• Pretreatment systems to satisfy the objectives were evaluated. 

• The functional needs for each system were determined. 

• Technologies for each of the functional needs were prioritized. 

This plan also presents a strategy for implementing the technology 
development activities required to support the pretreatment of Hanford Site 
tank wastes. This plan, and similar plans for each of the other program 
elements, will be summarized in the TWRS integrated technology plan (ITP). 

1-1 
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1.2 PURPOSE AND SCOPE 

This technology plan presents a strategy for the identification, 
evaluation, and development of technologies for the pretreatment of wastes 
stored in underground storage tanks at the Hanford Site. This strategy 
includes deployment of facilities and process development schedules to support 
the other program elements. This document also presents schedule information 
for alternative pretreatment systems: (1) the reference pretreatment 
technology development system (2) an enhanced pretreatment technology 
development system, and (3) alternative pretreatment technology development 
systems. These system alternatives are discussed in Section 2.2. 
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2.0 PRETREATMENT ELEMENT DESCRIPTION 

2.1 NEEDS AND OBJECTIVES 

The mission for the TWRS is to provide treatment, storage, and disposal 
of waste in a safe, cost-effective, and environmentally sound manner. As an 
element of TWRS, waste pretreatment is needed to pretreat tank wastes, to 
resolve tank safety issues, and to separate wastes into high-level and 
low-level fractions for subsequent immobilization and disposal. The following 
are specific objectives. 

• Investigate and develop approaches to destroy organics and 
ferrocyanides in tank wastes so the wastes can be safely stored 
until facilities are available to retrieve and process them for 
disposal. Organics, ferrocyanides, hydrogen generation, and high 
heat have been identified as critical safety issues associated with 
~torage of waste in tanks. This is the highest -priority objective 
for pretreatment. 

• Pretreat the wastes to separate the low-level and high-level 
fractions while also reducing the number of canisters of high-level 
waste (HLW) generated. 

• Remove chemical and radiochemical constituents from the low-level 
waste (LLW) to meet the LLW form feed requirements. The limits for 
radionuclides and hazardous chemicals in LLW have not yet been 
definitively established and could vary between waste types. 

• Support development and demonstration of vitrification technology 
through provision of representative HLW feeds to the Hanford Waste 
Vitrification Plant (HWVP) bench-scale melter. 

• Design and develop pretreatment processes that accomplish the above 
objectives in a manner that miniiizes risk of non-compliance with 
environmental regulations. 

2.2 STRATEGY 

Several program options are being evaluated for disposal of the tank 
wastes to establish the preferred program. These options include pretreatment 
processes ranging from minimal separations of the HLW and LLW to advanced 
separation processes that dramatically reduce the volume of HLW and LLW 
produced and/or reduce the chemical toxicity of the LLW. Each of the options 
described below addresses one oi more pretreatment objectives. 

• Developed (or Minimum) Pretreatment Technology System. This option 
incorporates sludge washing and cesium ion exchange to remove the 
bulk of the nonradioactive elements soluble in a basic solution from 
most radioactive elements, which are insoluble in basic solution. 

2-1 
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Destruction of organics and ferrocyanides to resolve related tank 
safety issues is also included. This option incorporates blending 
of waste streams to minimize the volume of HLW and the number of 

· unique feed types to the HWVP. Sludge washing, cesium ion exchange, 
organic/ferrocyanide destruction, and blending are included in all 
tank waste pretreatment options. 

This option produces approximately 38,000 HLW canisters (0.6 m 
[2 ft] diameter by 3.05 m [10 ft] long) and 180 grout vaults. 

This option has the following advantages. 

- In-tank sludge washing generates little secondary waste. 

- This option can be deployed early with less technical 
uncertainty. 

This option has the following disadvantages_. 

- The volume of HLW will exceed the amount that can be vitrified 
within the current design life of the HWVP. 

- Transportation and repository disposal costs are higher than 
costs for other options (although the total life-cycle cost may 
be lower). 

• Draft Reference-Pretreatment System. This option includes the 
minimum pretreatment technologies and adds sludge dissolution 
followed by TRU and strontium removal. These processes are based on 
acid dissolution of the metal hydroxide sludge followed by TRU and 
strontium extraction. This increases the LLW fraction while 
reducing the volume of HLW waste. Several process options are 
candidates to provide these more aggressive separations, although a 
development program is needed to investigate and select the 
appropriate processes. This option would be deployed in phases to 
resolve tank safety issues as a priority and to bring mature 
technologies online in the near term, while required technology 
development activities are completed. 

This option produces approximately 11,000 HLW canisters and 
270 grout vaults. 

This option has the following advantages. 

- This option reduces the volume of vitrified HLW to an amount 
which can be vitrified within the current HWVP design Tife. 

- This option dramatically reduces the reposi~ory disposal costs 
compared with the Minimum Pretreatment option. 

2-2 
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This option has the following disadvantages. 

- The proposed separations processes have increased technical 
uncertainties compared to the Minimum Pretreatment System. 

- This proposed option slightly increases radionuclides in LLW 
for onsite disposal. 

- · Capital and operating costs are higher than for the Minimum 
Technology Pretreatment System. 

• Extensive Pretreatment with Material Recycle (CLEAN). The CLEAN 
option uses technology requiring extensive research and development 
to provide minimum volumes of HLW and LLW by destroying and/or 
separating many of the components not treated by the first two 
options. Sludge dissolution, organic destruction, and advanced 
radionuclide extraction are the basic processes. Extensive chemical 
recovery and recycling are added to avoid generating additional 
chemical waste to the LLW stream. · 

This option produces approximately 1,000 to 2,000 HLW canisters and 
100 to 150 grout vaults. 

This option has the following advantages. 

- This option sends the smallest volume of HLW to the repository 
by extensive extraction and concentration of radionuclides and 
removal of nonradioactive constituents in the waste. 

- The LLW fraction may be low enough in radionuclides and 
hazardous material that current grout vault barriers and 
containment can be reduced or eliminated. 

This option has the following disadvantages .. 

Many of the processes will require substantial technical 
development and currently have high technical uncertainties 
because of their limited state of development. 

This option may be very complex to operate because of the size 
and number of new processes involved .. 

- Process development and facility costs are not well defined, 
but are expected to be higher than any of the other options. 

Figures 2-1,· 2-2, and 2-3 provide functional flow diagrams of the three 
pretreatment options described above. These span the anticipated range of 
alternatives being considered in the development of the overall TWRS baseline. 
The baseline TWRS strategy is anticipated to be selected from one of the three 
options, or will be a hybrid based· on these options. 
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The TWRS pretreatment strategy also includes possible deployment of 
several different facility options, which will be indicated in the discussion 
of the functional needs and/or the system descriptions in Section 3.0. 
Basically, these options include the following. 

• In-Tank Processing. Some pretreatment operations will be conducted 
in new or existing DSTs, thus minimizing the extent of the need for 
new operating facilities. This would require new equipment to 
support the processing and could require waste retriev~l and 
transfer between tanks. 

• Compact Processing Unit (CPU). CPUs are modular systems targeted to 
accomplish a single function and would be located in the vicinity of 
the tank (or tank farm) being remediated. This concept is currently 
being evaluated for the removal of cesium from double-shell 
slurry/double-shell slurry feed (DSS/DSSF) feed to the grout 
facility. However, other CPUs could be deployed as standalone 
production facilities if the CPU concept proves feasible and offers 
cost and/or schedule advantages over the reference approach. CPUs 
have significantly sma1ler production capacities than other 
facilities; thus, they could also be operated as the pilot-plant 
demonstration of processes subsequently targeted for the 1PM or for 
a new pietreatment facility where production rates will be 
significantly higher. 

• Large, Centralized Pretreatment Facilities. Many processes, because 
of their complexity and/or needs to treat large volumes, will have 
to be deployed in new, centralized treatment facilities. -Two types 
of Central Facilities are being considered for deployment: 

Initial Pretreatment Module (1PM). Initial pretreatment 
targeted at resolving tank safety issues (i.e., 
organic/ferrocyanide destruction) may be conducted in a new 
modular facility, which could be deployed on a faster schedule 
than a new radiochemical processing facility (i.e., a 
canyon-type facflity). Decisions may be made to include other 
process functions, such as cesium ion exchange, in the 1PM. 

- New Pretreatment Facility (NPF). Processes will be deployed in 
a new pretreatment facility when (1) significant development 
work is required before deployment·and/or (2) the processes are 
not suitable for operations in a module facility because of 
their complexity. This would be the last pretreatment facility 
to be deployed and would require the greatest capital 
expenditure. The scope depends on the pretreatment processes 
selected and the feasibility of the other processing option~. 

2-7 



WHC-EP-0629 

2.3 PROGRAM ELEMENT FUNCTIONS 

The Pretreatment TWG identified the following list of functions. The 
extent-to which any or all of these functions are deployed depends on the 
final pretreatment system selected. 

• Blending. Blending deals with the physical combination of solids, 
liquids, and slurries. By physically combining materials from 
multiple tanks, several benefits potentially can be achieved; 
(1) pretreatment process feed can be made more homogeneous by mixing 
wastes with similar contents, but with variations in component 
concentrations; (2) pretreatment feed can be made available sooner 
by allowing slow SST-retrieval processes to work on several tanks 
simultaneously; and (3) HWVP feeds can be made more homogeneous and 
with better glass-making characteristics. The major impetus for 
this approach would allow higher waste loading in glass by 
minimizing the impacts of glass-formulation-limiting impurities, 
such as chromium in Plutonium Finishing Plant (PFP) waste and 
zirconium in neutralized cladding removal waste (NCRW). Blending 
would take place within the tank farm facilities. 

• Sludge Wash. Sludge washing involves removing water-soluble 
compounds (e.g., cesium, sodium compounds, potassium compounds) from 
the waste by successive .mixing and decanting of tank sludges with 
water or inhibited water (water with sodium hydroxide and sodium 
nitrate added based on tank farm operating procedures for corrosion 
control). This process can be used as the sole treatment for 
sludges or as a precursor to additional pretreatment processing. 
The water-soluble components constitute up to 60 percent of the 
waste solids in the tanks. If required, the decanted liquids are 
further treated (e.g., for the removal of soluble 137Cs), but 
ultimately the bulk of the water-soluble components will end up in 
the low-activity waste form (i.e., grout). Sludge washing could 
take place in-tank or in a standalone processing facility. 

• Solid/Liquid Separation. Solid/liquid separation deals with the 
physical separation of a liquid phase from a solid phase. Because 
of the importance of this operation and the technical issues 
associated with the wide variety of wastes at the Hanford Site, this 
has been identified as a separate function. Operations included in 
this function are settling/decanting, filtration, centrifugation, 

.. and flocculation. The solid/liquid separation operations would take 
place in-tank and also in a separate processing facility. 

• Organic Destruction. Organic destruction involves the breakdown of 
organic compounds for the reduction of hydrogen-generating 
properties and the preparation of feed for grout. Reduction of 
in-tank hydrogen generation will involve the near-term destruction 
of a significant percentage of the organic compounds currently found 
in the waste. The requirements for the destruction of organic 
components for preparation of grout feed are expected to be even 
more extensive and complete. As a result, two processes are 
expected: a near-term, moderately efficient ·process for hydrogen 
generation resolution (safety issue), and a long-term, highly 
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.effective process for almost total destruction of organics in grout 
feed {a performance issue). Organic components in the waste tanks 
include cesium complexants, process solvent diluents (e.g., normal 
paraffinic hydrocarbons), cleaning and decontamination solutions, 
and the normal decomposition products from these materials. Organic 
destruction may take place in-tank or in a pretreatment module 
{IPM and/or CPU), depending on the needed degree of destruction and 
the process selected. Organic destruction is not needed for 
pretreatment of feed to HWVP. The long-term destruction of organics 
to meet grout specifications may take place in a new pretreatment 
facility. 

• Cesium (137Cs) Removal. Cesium removal is the function dealing with 
the separation and collection of cesium from liquified streams to be 
fed to grout. Cesium removal processes could occur in-tank or in a 
pretreatment module {CPU, IPM, and/or new facility). For technology 
selection, this function is further broken down to cesium recovery 
from basic streams, which is part of all pretreatment scenarios, and 
cesium recovery from acid streams (a pretreatment enhancement). 

• Strontium (90Sr) Removal. Strontium removal is the function dealing 
with the separation and collection of strontium from waste solids. 
Strontium is not highly soluble in water or caustic solutions and 
will primarily be only in solution in acid streams within the 

· pretreatment facility. Based on the expected acidic streams 
involved, strontium concentratiori and removal would only occur in a 
pretreatment facility or within a tank farm constructed of suitably 
corrosion-resistant materials. The solids that will be treated for 
strontium removal are also being processed for other radionuclide 
removal, and their processing residues will ultimately be disposed 
of in grout. For strontium recovery to meet the requirements of 
CLEAN and/or the Class A limit in grout, strontium tecovery from the 
supernate will also be required. For technology selection, 
strontium removal is also broken down into recavery from acid 
streams and recovery from basic streams. 

• Technetium (99Tc) Removal. Technetium is presumed to exist in waste 
streams on the Hanford Site in the form of pertechnate (Tc04), a relatively mobile component in grout. This radionuclide 1s judged 
to be a significant contributor to doses for individuals in 
performance assessments. Therefore, a process for removing this 
component from grout feeds may be required. This removal would 
occur in the CPU, the 1PM or a new facility. This function is also 
broken down to technetium removal ·from acid streams and technetium 
removal from basic streams for technology selection. 

• Sludge Dissolution .. Acid dissolution involves dissolving waste 
solids in an acid (such as nitric acid) as an integral part of 
pretreatment. To minimize the mass of material fed to the HWVP, it 
will be necessary to use processes that require solids to be 
dissolved in an aqueous stream for separations to be performed. 
This function will al,o include a solid/liquid separation function 
to remove undissolved solids from the acid stream. Acid dissolution 
would occur within a new pretreatment facility. 
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• Transuranic (TRU) Removal. Removal of TRUs involves the separation 
of long-lived radionuclides from grout feeds. These processes will 
typically separate TRU components from acidic solutions. Products 
from this function will be (1) a low-activity stream containing the 
bulk of the dissolved solids, which will. be neutralized and fed to 
the grout facility; and (2) a stream containing TRUs, which will be 
fed to the HWVP. TRU removal processes significantly reduce the 
mass of certain feeds to the HWVP. For TRU recovery to meet the 
requirements of CLEAN and/or to meet the Class A limit in grout, 
TRU recovery from the supernate will also be required. Thus, this 
function also includes evaluation of technologies for TRU removal 
from complexed, alkaline solutions. Because of the chemical nature 
of these processes, they would occur within a pretreatment facility. 

• Selective Leaching. Selective leaching processes are a group of 
intermediate-term processes that are designed to remove minor 
components from the bulk solids. Depending on the process involved, 
selective leaching may be applied to HWVP or grout treatment 

· facility feeds. Examples of components selectively leached from 
grout feeds include americium and plutonium. HWVP feeds would be 
selectively leached to remove components that greatly iffect waste 
formulation of the glass such.as phosphates, sulfates, .and chromium. 

• Bulk Leaching. Bulk leaching is a group of intermediate-term 
processes that are designed to remove major components from the bulk 
solids. It is expected that bulk leaching processes will be used to 
reduce the mass of HWVP feeds. HWVP feeds would be bulk leached to 
remove components that can be easily separated from the 
radionuclide-contaminated waste and that greatly affect the mass of 
waste fed to HWVP. Examples of components to be tested for 
applicability of bulk leaching from HWVP feeds include aluminum, 
phosphate, bismuth, zirconium, and iron. It is expected that 
alkaline bulk leaching processes would occur as in-tank processes. 

• Ferrocyanide (Fe(CN) 4) Destruction. Ferrocyanides are reactive 
agents that, in sufficient quantities, are classified as safety 
concerns in the SSTs.- Oxidation processes are being investigated to 
break down the ferrocyanide molecules into nonhazardous materials 
before final waste disposal. Ferrocyanide destruction processes 
would be conducted in the 1PM. 

• Nitrate/Nitrite Destruction. Nitrate and nitrite destruction can 
increase the environmental acceptability of the grout disposal form 
although destroying the nitrates in the existing waste has little 
benefit (because grout would still be limited by sodium). However,· 
significant savings are associated with destroying nitrates from the 
nitric acid that is added for dissolution before neutralization. 
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• Calcination. Calcination is a process where waste solids and 
liquids are introduced into a high-temperature furnace (calciner). 
The temperature of the ves~el is sufficiently high that liquids are 
evaporated and solid materials are reacted to a fused or oxide 
state. Organic materials are broken down mostly to carbo~ dioxide 
and water. Nitrates and nitrites will be converted to nitrogen 
oxides and then scrubbed from the offgas. Calcination of waste 
streams would be performed in a pretreatment facility. 

~ Iodine Removal. If the concentration of 1291 is found to be high 
enough, either an offgas treatment step in HWVP or a pretreatment 
step may be necessary. The intent of this functional need is to 
remove and isolate the iodine for disposal in some other waste form. 
This removal and preparation of a new waste form would be done in a 
new pretreatment facility. 

• Chemical Recycle. The wastes contain large quantities of 
nonradioactive chemicals. In addition, many of the pretreatment 
systems identified may use large quantities of chemicals. To 
minimize the waste that requires disposal and to minimize the use of 
additional chemicals, it will probably be advisable to separate 
these chemicals from various wastes streams and recycle them. This 
separation and recycle is the intended scope of this functional 
need. This function will only be deployed in the CLEAN or 
extensive-pretreatment-with-recycle option. Thus, this would be 
performed in a new pretreatment facility. 

• Removal of Radionuclides to Class A. This functional need is to 
remove radionuclides (that are not specifically identified as 
separate functional needs;, from the waste so that the LLW can meet a 
Class A category (e.g., 6 Ni). These radionuclides would be 
disposed in the glass matrix. Again, this function is associated 
with the CLEAN option and would be deployed in a new pretreatment 
facility. 

• Removal of Heavy Metals. In the small probability that heavy metals 
are not acceptable in grout or some other LLW form, this functional 
need was identified to remove the heavy metals and isolate them for 
some other disposal form. This function is a component of CLEAN and 
would occur in a new pretreatment facility. · 

• Recovery of Noble Metals. If the noble metal concentrations are 
found to be high enough, several problems may exist within the HWVP 
process. The first potential problem is the generation of hydrog~n 
during the feed preparation steps .. The second involves the 
precipitation of metals in the melter. This function relates to a 
way for pretreatment to address this concern, should it be 
necessary. Noble metals would be removed from the glass feed and 
converted for reuse or disposed of in grout. If required, this 
function would be deployed in a new pretreatment facility as part of 
the CLEAN option. . 
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2.4 CURRENT TECHNOLOGY DEVELOPMENT ACTIVITIES 

Pretreatment activities currently being funded include technologies 
common to all TWRS strategies (i.e., developed pretreatment technologies), 
advanced separation techniques, pilot-plant facilities, and technical 
integration activities. Technologies common to all TWRS strategies that can 
be deployed in the short term include sludge washing organic/ferrocyanide 
destruction and cesium ion exchange. Advanced separation technologies 
currently being evaluated include techniques for separating TRU, cesium, and 
strontium from the bulk of the nonradioactive- inorganic constituents in the 
sludge. An ongoing study to examine pilot-plant needs and potential locations 
will be completed in the first half of fiscal year (FY) 1993. Fin~lly, work 
is being conducted to cover technical integration of the program, including 
preparation of this plan, conducting technology workshops and technical 
exchanges, and supporting development of baseline documents for TWRS and 
Pretreatment management. Table 2-1 summarizes the specific technologies being 
evaluated. 

Table 2-1. Fiscal Year 1993 Pretreatment Technology Development Activities. 
Functional need Technology 

Organic/ferrocyanide destruction Wet oxidation (1) 
Calcination (1) 
Ozonation (1) 
Steam reforming (1) 
Heat and digest (2) 
Corona discharge (2) 
Electrochemical oxidation ( 2) 
Hydrothermal ( 1) 
Electron beam (2) 

Alkaline-side cesium removal CS-100/SRS Resorcinol ion exchange 
Crystalline titanates 

Sludge wash and solid/liquid Gravity settling 
separations Water with pH control 
Selective leach 0.1 M sodium hydroxide, KMn04 

Sodium and aluminum removal Aluminum precipitation 
Fractional crystallization 

Dissolve sludge Chemical dissolution 
Calcine/leach 

Transuranic removal Transuranic extraction/CMPO (acid) 
Alternate transuranic removal 

Acid-side cesium removal Evaluate processes 
Strontium removal Evaluate processes 
Technetium removal Evaluate processes 

CMPO = octyl(phenyl)-N,N-diisobutylcarbamoyl-methylphbsphine oxide 
(1) To be deployed in the Initial Pretreatment Module to resolve safety 
issues 
(2) Possible long-term enhancements to meet grout feed requirements. 
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2.5 MAJOR CHANGES TO PREVIOUS PLAN 

This is Revision O of the TWRS Pretreatment Technology Development Plan. 
This plan will be updated annually. 

2.6 LIFETIME BUDGET ESTIMATES 

Budget estimates have not been included in this document. At this time, 
extensive revisions are being proposed to the TWRS strategy in response to the 
TWRS Program leadership council. These revisions may significantly affect the 
pretreatment technology development strategy, time frame, and costs. Until 
the TWRS program strategy is accepted by all interested parties; Including 
DOE, U.S. Environmental Protection Agency (EPA), the State of Washington, the 
State of Oregon, the Yakima Indian Nation, and other interested parties; the 
costs for the pretreatment technology development program are subject to 
change. 

Projected costs relating to the pretreatment technology program will be 
published in the Integrated Technology Plan (DOE-RL 1993) and in the TWRS 
Multi-Year Program Plan. In addition, costs pertaining·to pretreatment 
technology will be published in future revisions of this document. 

2.7 PROGRAM ELEMENT MASTER SCHEDULE 

Appendix A presents a summary-level pretreatment master schedule. The 
schedule is a Tri-Party Agreement-compliant schedule and assumes that resource 
and budget requirements are unconstrained. Included in the schedule are 
activities which are not included in the technology plan. These additional 
activities represent expected HWVP activities, pretreatment engineering 
activities, and pretreatment facility and operations activities. The 
additional activities are presented to illustrate the time frame in which 
process design information will be required to support project design and 
construction activities. 

2.7.1 PROGRAM ASSUMPTIONS AND CONSTRAINTS AFFECTING 
PRETREATMENT TECHNOLOGY DEVELOPMENT 

The following is a summary list of assumptions and constraints used in 
developing the waste pretreatment work scope. Additional detailed assumptions 
associated with specific tasks may have also been used. Additional key 
assumptions and constraints are expected in the new TWRS strategy which will 
impact the planned work scope. 

• The HWVP will begin hot operations in December 1999*. 

*Assumption likely to change based on proposed TWRS new technical 
strategy. 
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• Advanced separation processes (i.e., processes beyond cesium ion 
exchange and sludge washing) are required to minimize the number of 
glass canisters produced.* 

• The available characterization and Tracks Radioactive Components 
(TRAC) data provide an adequate planning base for pretreatment 
processes. New sample data shall be available to support 
development and implementation of pretreatment processes. 

• Tank space is available to support pretreatment operations in 
accordance with the annual waste volume projections.* 

• In-tank sludge washing and the IPM will provide sufficient feed for 
at least 6 to 15 years of operation of HWVP and the Grout Facility. 

• All SST waste will be retrieved for processing and disposal. 

• There will be no change in the U.S. Nuclear Regulatory Commission 
position on high-level waste. 

• Tri-Party Agreement milestones will not be accelerated. 

• The TWRS-EIS and ROD provide sufficient National Environmental 
Policy Act of 1969 (NEPA) documentation coverage for in-tank 
processing of DST wastes. The TWRS-EIS and resulting ROD shall 
provide NEPA documentation coverage for the second pretreatment 
module,, and subsequent pretreatment facilities, if required. The 
TWRS-EIS ROD shall not delay detailed design for the second 
pretreatment module (SPM). 

• The first priority of Pretreatment is safety remediation. 

• Ten to 17 tanks require safety remediation through JPM. · 

• Tanks 106-C and 105-C will have early retrieval. 

• No additional tank waste radionuclide removal will be required to 
complete the first 14 grout campaigns.* 

• Waste form qualification feeds must be available 2 years before 
HWVP hot startup. 

• Pretreatment logic covers multiple pretreatment options, up to the 
"Clean" option, excluding specific elements of sludge processing 
associated with the "Clean" option. 

*Assumption likely to change based on proposed TWRS new technical 
strategy. 
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• The following inputs from Characterization go to all laboratory 
studies in pretreatment. (This is not shown in pretreatment logic 
because it would mask underlying ties). 

- Characterization of core samples 
- Liquid and.solid samples from tank farm coring activities. 

• Requirements Analysis Activity for each process has inputs from the 
following: 

- Characterization 
- Retrieval 

-- dilution amount 
-- tank sequence 

- HWVP waste feed specifications 
- Grout feed specifications. 

• All pretreatment laboratory testing and pilot plant operations are 
tied- to grout formulation and testing. The following items list 
input from Grout and the response from Pretreatment respectively. 

- Grout feed specifications 
- Pretreatment process capabilities and expected product 

compositions. 

• R~trieval will supply small-scale solids samples (25 to 50 L) to all 
bench-scale activities. 

• Retrieval will supply pilot-scale solids samples (1,135 L [300 gal]) 
to all pilot-scale activities. 

• The Grout Facility will fill 4 vaults per year. 

• The HWVP characteristics report is produced out of Pretreatment 
Technical Administration (Integration). 

• Solvent extraction processes contractor equipment development is 
included under the cold solvent extraction pilot plant. The 
coniactors equipment includes the following: 

- Centrifugal contactors 
- Mixer settlers 
- Pulsed columns. 

• Outer years of engineering analyses of solvent extraction tests of 
FYXX core samples feed SPM operations. 

• One alternate process, with multiple functions, will be carried 
forward with detailea continuous testing. 

• Intermediate process screening studies include technical evaluation 
and laboratory testing. 
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• Sludge wash pilot plant can be used for intermediate process 
testing. Minor modifications may be needed. 

• The SPM operating strategy includes the following: 

- Feed variability 
- Blending of pretreatment feed and products from acid side/SPM 

processes {i.e., TRU stream form TRUEX}. 

• Clean option screening studies of polishing processes includes . 
technetium, strontium, iodine, TRU, etc. 

• Sodium LLW form {to reduce vaults} should. be investigated. Leave 
this issue to LLW group via integration team. 

• Requirements for organic destruction to meet LLW disposal 
specifications will be more stringent than requirements for organic 
destruction {by 1PM} to resolve safety issues. 

• The required hot startup date for 1PM is December 1999. 

• To meet schedule requirements, design and construction of the IPM is 
anticipated to occur in two phases. Phase 1 construction is 
scheduled to start before Phase 2 design will have progressed 
sufficiently to support finalization of the Preliminary Safety 
Analysis Report {PSAR} and environmental permit applications. It is 
assumed that a limited scope safety analysis will be sufficient for 
authorization of Phase 1 construction, to be followed by preparation 
of a comprehensive PSAR in full compliance with DOE orders, based on 
Phase 2 detailed design. The comprehensive PSAR will be approved by 
DOE before the start of Phase 2 construction. Similarly, it is 
assumed that the regulatory agencies will allow Phase 1 construction 
to proceed before submittal of environmental permit applications 
that will necessarily contain Phase 2 detailed design information. 

• The first feed to the 1PM will be from tank 101-SY. 

• The primary function of the 1PM will be to resolve any remaining 
safety issues after mitigation actions ar~ complete. 

• Nitrate/nitrite destruction, although desirable, has been 
specifically excluded from 1PM criteria. 
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3.0 TECHNOLOGY PLANNING RESULTS 

3.1 REFERENCE SYSTEM TECHNOLOGY DEVELOPMENT 

3.1.1 Description of the Reference System 

The reference system for pretreatment uses a three-phased approach for 
implementing technology over the duration of TWRS,- moving from minimal 
pretreatment in Phase 1 toward an aggressive separation of radionuclides from 
the bulk chemical constituents in P~ase 3. The first phase includes those 
technologies common to most pretreatment scenarios that can be deployed early. 
Early deployment is possible because the. technologies currently exist; they 
require minimal development work to be available; or they address a 
high-priority safety issue. These are sludge washing, cesium ion exchange 
(basic), and organic/ferrocyanide destruction. These processes are to be 
conducted within existing and new DSTs, CPUs, and/or the 1PM. 

The second phase would deploy leaching of the sludge either for bulk 
leaching of chemical constituents or selective leaching of radioactive 
constituents to reduce the volume of sludge requiring vitrification. Blending 
of wastes would also be conducted in Phase 2 to minimize the number of unique 

. feed types, thus reducing the concentration of certain chemical constituents 
in the waste and reducing the total volume of vitrified waste. This phase 
would be deployed as an in-tank.process. or in the IPM. 

Th~ final phase adds sludge dissolution followed by TRU and strontium 
extraction to convert most of the washed sludge to LLW. These additional 
processes would require a new pretreatment facility. 

3.1.2 Prioritized Description of Uncertainties 
and Vulnerabilities Associated with 
Reference System 

The pretreatment program element faces significant uncertainties that are 
applicable to all options, any one of which could significantly affect its 
success. A major uncertain\y is that pretreatment performance specifications 
are unknown in terms of target volumes of glass and grout to be produced. The 
volume of glass produced (especially under the Phase l approach) may result in 
enormous repository disposal costs and/or it may exceed the current HWVP 
design life. The pretreatment scope is uncertain in terms of the number of 
tanks that will require pretreatment, the sequerrce of tanks to be retrieved 
and treated, and the degree of pretreatment that will be mandated for 
particular constituents (e.g., radionuclides, nitrates, iodine, chrome, heavy 
metals, noble metals, tritium, organics). In addition, changes that occur in 
other program elements (i.e., possible selection of an alternative LLW form) 
can have tremendous impacts on the specific pretreatment processes that are 
needed and their performance requirements. Thus, the strategy for 
pretreatment is to proceed with development of those technologies that are 
likely to be needed to support the technical strategy agreed upon by the 
TWRS Program and the regulators. · 
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3.1.2.1 Technical. The TWG identified.general technical uncertainties during 
the TWRS Workshop associated with the draft reference system (and 
enhancements). These include the following issues. 

• The applicability of intermediate processing is uncertain. 

• The compatibility of tank storage material with pretreated wastes is 
unknown. 

• The flexibility of the pretreatment system processes and equipment 
to different waste streams is unknown. 

• The reliability of the pretreatment system processes and equipment 
needs to be determined. 

• The Phase 2 and 3 technologies have largely not been developed 
beyond laboratory bench scale and the processes are complex. 

• The extent of secondary waste generation (volume, type, and 
composition) ~eeds to be determined. 

In addition, specific uncertainties or vulnerabilities are associated 
with each functional need. These uncertainties are listed below. 

Phase 1 

• Sludge Washing and Liquid/Solids Separation. To be highly 
effective, sludge washing must be accompanied by effective 
liquid-solids separation. This function washes the sludge with 
"inhibited" water (hydroxide and nitrite added for coirosion 

. control) and removes liquids _and soluble solids trapped in the 
sludge. The more liquids remaining with the solids, the less 
complete is the segregation of the soluble and nonsoluble 
constituents. Sludge washing would be conducted within the tanks. 
Technical uncertainties include (1) the effectiveness of suspending 
and contacting all the sludge within the tanks, (2) the impact of 
thermal currents (from hot sludges), (3) the solubilities of the 
tank waste constituent, (4) the dynamic forces exerted on the tanks 
during operations, (5) optimization of washing efficiency for each 
waste type, (6) possibility of uncontrolled venting, effect of 
operation on tank corrosion, and (7) the formation of colloids 
and/or froths. 

• Removal of Cesium. Although much is known about cesium ion exchange 
from basic solutions, more information is needed on (1) the best ion 
exchange medium to use with the particular system; and (2) the best 
process arrangement to use to ensure minimum secondary waste. 

• Organic Destruction. The organic constituents in feed to the LLW 
(grout) facility need to be destroyed to produce a satisfactory 
grout. For the HLW vitrification facility (HWVP), the organics will 
be destroyed by the melting process .. For some of the tanks 
currently being scrutinized for safety concerns, organics may need 
to be destroyed in the near term for continued safe storage. 
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However, the scope of the organit destruction r~quirements to 
resolve safety issues or to provide acceptable grout feed is 
cLlrrently not wel1 understood. In ~ddition, the technologies that 
can accomplish the eventual objectives are not well developed. 

• Ferrocyanide Destruction. These potentially reactive constituents 
in a number of the waste tanks, which in sufficient quantities are 
classified as safety concerns, may need to be destroyed in. the !PM. 
Oxidation or hydrolysis processes are being considered to break down 
the ferrocyanide molecule into nonhazardous materials before final 
waste disposal. The technologies that can accomplish this 
destruction are not well develop~d. 

Phase 2 

• Blending. This function, which connotes the m1x1ng of the contents 
of two or more tanks, offers s·everal benefits. The primary benefits 
are more homogeneous pretreatment process feed and more uniform feed 
to the HWVP, which may result in better glass-making 
characteristics. Availability of tanks to maximize blending and the 

· extent to which blending can be accomplished are uncertain. 

• Sludge Leaching (Selective and Bulk). Both selective and bulk 
leaching are envisioned to take place in the tanks as part of 
Phase 2 operations. Selective leaching removes minor components, 
including radioactive constituents, from the bulk solids. Examples 
are cesium, ~echnetium, americium, plutonium, and chromium. These 
would be removed and sent to the HWVP, while the residuum would go 
to the LLW. Bulk leaching remove~ majo~ constituents from the bulk 
solids, such as aluminum, zirconium, iron, ·phosphates, and sulfates. 
These would be removed from feed to the HWVP and be sent to the LLW. 
These ~recesses have been developed to a limited extent. If this 
approach were successful, it could conceivably eliminate some of the 
Phase 3 pretreatment needs. However, this approach requires 
significant development effort .. 

Phase 3 

• Sludge Dissolution. Because of ~he complex mixtures that make up 
the sludges, predicting which reagent will be required to dissolve 
the solids is very difficult. Reagents that cannot be contained in 
conventional construction materials must be avoided. 

• Removal of Transuranics. TRU waste forms will normally be in the 
sludge and removed from the acidic-steam after sludge dissolutioi. 
The options for accomplishing this have only been demonstrited in 
bench-top laboratory studies. 

• Removal of Strontium. Strontium, which normally will be in the 
sludge, must be effectively separated from a very complex matrix of 
constituents. The options for accomplishing this have only been 
demonstrated in bench-top laboratory studies. 
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3.1.2.2 _Programmatk. The following list of programmatic uncertain.ties and 
vulnerabilities was -developed during the TWRS_National Workshop. Most of 
these. uncertainties apply to all of the pretreatment system options. 

• Technical 

The development duration of technologi~s is unknown and may be 
problematic. 

Deployment duration is ·ofte-n unknown or may be problematic. 

- The timing oi pretreatment rel~tive to the ~aseline HWVP 
schedule may be impractical. · 

- The pretreatment product specifications are unknown. 

- The pretreatment performance specifications are unknown. 

- New safety issues may arise. 

- A different low-level waste form could drastically change the 
strategy. 

The knowledge base and experience to support investments may be 
· inadequate. 

• Non-Technical 

- The ~otential for insufficient budget allocations to support 
capital expenditures~ operating expenses, and development 
costs. 

- The potential for changes in program direction. 

- Prog~am milestone slippages and/or ch~nges adversely affect 
.planning. 

- TWRS strategy changes (end state may change). 

3.1.2~3 Regulatory. At this time no specific regulatory issues are 
associated with pretreatment, per se. However, any regulatory issues 
a$sociated with grout, glass, or any other final waste form could. 
significantly affect the pretreatment processes selected or the performance 
criteria for specific processes. There will probably be regulatory issues 
associated with the operation of the pretreatment processes selected for final 
deployment. 
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3.1.3 Prioritized Functional Needs 

The reference system functional needs are prioritized as follows and 
match the three phases of deployment. 

• Convert/Remove Organics/Ferrocyanide. This is the highest-priority 
need because it is required to resolve tank safety issues in the 
near term. 

• Sludge Washing, Solid/Liquid Separation, and Cesium Ion-Exchange. 
This is the next priority, because these functions are common to all 
pretreatment scenarios; thus, the need for available proven 
technology is high. 

• Blending and Selective Leaching. These Phase 2 functions are the 
next to be deployed because of the need to reduce the volume of HLW 
generated by Phase 1 operations. Also, these processes would not 
require a new pretreatment facility. 

• Sludge Dissolution, Transuranic Removal and Strontium Removal. 
These technologies need more extensive development and would require 
a new pretreatment facility to be deployed. Thus, they will be the 
last processes to be deployed. However,· these technologies are 
needed to reduce the volume of HLW. 

3.1.4 Prioritized Technology Development Activities 
in Response to Functional Needs 

Table 3-1 presents a list 9f technologies in response to functional needs 
for the reference system. These technologies were identified and then 
prioritized by the TWG during the National Workshop. 

3.1.5 Recommended Technology Development Activities 

Table 3-2 summarizes the recommended pretreatment technology development 
activities for the reference system, with the possibl~ impact of not funding 
the activities. 

3.1.6 Technology Development Enhancements 

3.1.6.1 Technology Development Enhancements. Pretreatment system 
enhancements include functions that reduce the volume of and improve the 
environmental acceptability of the LLW form (grout). This set of technologies 
also includes evaluating alternative technologies to the reference 
technologies to reduce the volume and composition of secondary wastes 
produced. The technical basis for some of these functions has not yet been 
determined; therefore, these functions are not prioritized but are presented 
as a set of additional technologies that could be deployed. 
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Table 3-1. Prioritized Technology Development Activities-­
Reference Pretreatment System. 

Functional need Technology 

Organic destruction (1) Calcine/fusion 
Steam reforming 
Heat and digest 
Ozonization (basic) 
Hydrogen peroxide (acid) 
Hydrothermal 
Electrochemical oxidation 
Electron beam 

Ferrocyanide destruction Calcine 
Steam reforming 
Ozonation 
Hydrothermal 
Electrochemical oxidation 
Electron beam 

Sludge wash Water with pH control 

Solid/liquid separation Gravity settling 
Centrifuge 
Fi.ltration 

Cesium removal Cesium~100 
SRS Resorcinol Resin 
Crystallization 
Crystalline titanates 
Inorganic ion exchange 

microspheres 
IONSIV IE-95/96 
Ferrocyanide 
Phosphomolybdate 
Zirconium phosphate 

pillared clay 

Selective leaching NEEDS IDENTIFICATION OF COMPONENTS TO BE REMOVED 

Sludge dissolution High shear 
Chemical dissolution 
Microwave 
Ultrasonic 
Fusion 
Electrochemical dissolution 

Transuranic removal Transuranic extraction/CMPC 
CMP 
DIDPA 
Diamide 
Extraction chromatography 
Organic sorbents 

Strontium removal SREX/TOREX 
Strontium-spec 
Titanate 
Organic ion extraction resin 

CMPC= octyl(phenyl)-N,N-diisobutylcarbamoyl-methylphosphine oxide 
CMP =·dihexyl-N,N-diethylcarbamoylmethyl phosphonate 
SREX = strontium extraction 
SR-S = Savannah River Site 

Priority 

1 
1 
2 
3 
4 
5 
6 
7 

1 
1 
2 
3 
4 
5 

N/A 

1 
1 
1 

1 
1 
1 
1 
2 

3 
4 
4 
4 

1 
1 
2 
2 
2 
2 

1 
2 
3 
3 
3 
3 

1 
2 
3 
4 

(1) Prioritization reflects need to resolve safety issues versus need to prepare acceptable grout 
feeds. 
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Technology development 
sU111Tiary 

category/function 

Phase I: sludge 
washing 

• Sludge wash and 
solid/liquid 
separation 

Phase I: remove Cesium 
by ion exchange 

. Alkaline-side Cesium 
removal 

Phase I: 
Organic/ferrocyanide 
destruction 

. Organic/ferrocyanide 
destruction 

Phase 11: 
selective leaching 

. Selective leach 

Technology development Technical question activity 

Can sufficient • Gravity settling 
amounts·of soluble rate and efficiency 
compounds be removed in large tanks 
from waste sludge to • Washing efficiency 
minimize impacts on • Solid/liquid 
HINP processes? separation 

• Process control 
• Characterize washed 

sludge mineral 
species 

What is the best ion C Ion exchange media 
exchange process and selection 
what are its • Flowsheet 
performance development 
parameters? 

What is the . Techncilogy 
preferred method to evaluation and 
remove organics and selection 
ferrocyanide? . Confirmation of 

selected process for 
1PM design 

Can chemical . Identify and 
components that prioritize wastes 
limit glass loading that would benefit 
be selectively from leaching 
leached? processes . Conduct 

feasibility/confirma 
tion studies on 
selected wastes with 
selective leaching 

Likelihood 

Program impact if of meeting 
Tri-Party not funded Agreement 

milestones 

Canister production High 
may result in 
tremendous 
repository disposal 
costs (Regulatory, 
Interface) 

Basis for 1PM High 
design may be 
inadequate; 
secondary waste 
production may be 
excessive· 
(Operation) 

Will not have N/A 
timely resolution 
of tank safety 
issues (Safety) 

Canister production N/A 
may result in 
tremendous 
repository disposal 
costs (Regulatory) 

Likelihood Level of 
of technical 

application uncertainty 

High Low 

High Low 

High High 

Medium High 
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Technology development 
summary 

category/function 

Phase II: blending 

• Tank waste 

Phase 111: sludge 
dissolution 

• Dissolve sludges 

Phase III: TRU Removal 
by solvent extraction 

• TRU removal 

Technical question 

Can tank wastes be 
blended to reduce 
canister production 
requirements and/or 
minimize the ni.nber 
of waste types 
requiring 
qualification and 
pretreatment? 

What fractions of 
sludges can 
practically be 
dissolved? 

IJil l TRUEX or 
alternate technology 
operate on a range 
of feedstreams? 

Technology development 
activity 

• Evaluate blending 
enhancements that 
would be synergistic 
with selective 
leaching 

• Complete blending 
study to examine 
benefits 

• Update blending 
study to incorporate 
characterization and 
pretreatment data 
iq,roveme!ltS 

• Waste form 
c0q>0sitional range 
must be expanded for 
grout 

• Evaluate acidic and 
fusion dissolution 
methods for water 
washed sludges 

• Characterize mineral 
species in sludges 
to select 
dissolution 
procedure . Develop modeling 
techniques for 
predicting 
dissolution behavior 
(to limit testing 
requirements) 

• Laboratory-scale 
feasibility studies . Bench- and 
confirmation-scale 
pilot tests . Flowsheet 
development 

• Final specifications 
for plant design 

Likelihood 

Program impact if of meeting Likelihood Level of 
not funded Tri-Party of technical 

Agreement apPlication uncertainty 
milestones 

• Miss Tri-Party High High Low (quality 
Agreement of-study is 
milestone on driven by 
blending (M-02) quality of 

• Coq:>licate and characteriza 
increase tion data 
pre-treatment. and and success 
solidification will be 
requirements limited by 
(Tri-Party tank farm 
Agreement, logistics) 
Operation) 
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Likelihood 
Technology development Technology development Program impact if of meeting 

summary Technical question Tri-Party 
category/function activity not funded Agreement 

milestones 

Phase 111: Strontium What is the best • Laboratory-scale Canister production N/A 
removal by solvent method to remove feasibility studies may result in 
extraction Strontium from • Bench- and tremendous 

acidic process confirmation-scale repository disposal 
streams? pilot tests costs (Regulatory) 

• Flowsheet 
development, 

• Final specifications 
for plant design 

*Note: Technology Development Category and function are typically the same for Pretreatment. 
1PM = Initial Pretreatment Module 

HWVP = Hanford Waste Vitrification Process 
TRU = Transuranic 

TRUEX= Transuranic Extraction 
TWRS = Tank Waste Remediation System 

Likelihood Level of 
of technical 

application uncertainty 

Medium High 

Tri-Party Agreement= Ecology, EPA and DOE, 1992, Hanford Federal Facility Agreement and Consent Order, two volumes, Washington 
State Department of Ecology, U.S. Environmental Protection Agency, and U.S. Department of Energy, OlYD1)ia, Washington. 
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3.1.6.2 Functional Needs for Enhancements. Pretreatment system enhancement 
functions are discussed belqw, along with their uncertainties and 
vulnerabilities. 

• Removal of Transuranic Radionuclides. Solvent extraction is the 
reference process for partitioning TRU radionuclides from dissolved 
sludges. Currently, transuranic extraction (TRUEX) is the preferred 
solvent extraction process, based on the present understanding of 
available process options. This separation will substantially 
reduce the volume of vitrified waste. However, other extractants 
are being investigated as alternatives to the TRUEX process should 
technology .development efforts identify problems in deploying TRUEX 
at the Hanford Site. The technology requires development. 

• Pretreatment Polishing Steps. Pretreatment polishing steps could be 
added to the long-term oretreatment strategy. Those urift operations 
include the removal of 90sr and TRU contamination from alkaline 
solutions using solid sorbents, such as silicotitanates. The 
technology development approach for those pretreatment systems will 
be similar to the cesium ion exchange technology development work 
discussed earlier. 

• Nitrate Destruction/Recycle. The recovery and reuse of nitric acid 
from pretreatment processes can significantly reduce the volume of 
grout produced and is an integral part of the maximum pretreatment 
(CLEAN) option. Nitrate destruction may also be required to improve 
the environmental acceptability of the LLW form, i.e., grout. The 
optimal technology must be developed. 

• Iodine Removal. Environmental acceptability of the LLW disposal 
form may require the removal of radioiodine (129 1) because of its 
perceived mobility in grout and in groundwater. If a . 
high-temperature LLW waste form is ultimately adapted, the· 
volatilization of iodine may make its separation straightforward. 
Alternative approaches need to be evaluated. 

• Technetium Removal: Technetium removal is envisioned in the maximum 
pretreatment option to further reduce the radionuclide content in 
the grout. An alkaline-side process has been tested on a bench 
scale. Acid-side processes have been to a limited extent, but the 
technology needs to be developed further. 

• Cesium Removal (Acidic Stream). The waste sludges could contain 
30 to 80 percent of the cesium after sludge washing. Dissolution of 
these sludges to extract the TRU will dissolve the cesium into 
acidic solutions. Although certain candidate technologies look 
promising for acid-side cesium removal, they may produce too much 
glass or require a very narrow operating range. This is a critical 
area where innovative technology is needed, for both the reference 
and the CLEAN option. 
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3.1.6.3 Prior'itized Technology Development Activities in Response ,to 
Functional Needs. Table 3-3 presents the priotitized list of technolbgies by 
functional needs for the technology enhancements. These technologies were 
ident~fi~d and then prioritized by the TSG during the National Workshop. 

Table 3-3. Prioritized Technology Development Activities-­
Pretreatment System Enhancements. 

Functional need Technology 

TRU removal CMP . 
(al tern at i'ves· to TRUEX) DIDPA 

,Alkyl Di amides 
Extraction chromatography· 
Organic sorbents 

90Sr and TRU removal on Titanate 
basic side Organic ion exchange 
(polishing) Crystallization 

Remove/convert nitrates Calcine/incineration 
. Organo-chemical denitration 

Fluidized bed calcination 
Molten salt 
Aluminum reduction 
Electrochemical reduction 

Iodide removal (basic) Anion exchange 
Crystallization 

Iodide/Iodine removal Solvent extraction 
(acid) Anion exchange 

Volatilize, recover ·from gas· 
phase 

Technetium removal Crystallization 
(basic) SREX sludge treatment 

Organic IX · 
quaternary amines 
Electrolytic anion exchange 

Technetium removal TRUEX/SREX 
(acid) Organic ion exchange 

Tertiary amines 
Aliquot-336 Imp Zeol ites 

Cesium removal (acid) RESEARCH NEEDED 

LLW organic destruction Same as reference tech. 
CMP = dihexyl-N,N-diethylcarbamoylmethyl phosphonate. 
LLY = Low-level waste. 

SREX = Strontiun extraction. 
TRU = T~ansuranic. 

TRUEX= Transuranic extraction. 
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2 
3 
3 
3 
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1 
1 
1 

1 
1 
1 
1 
2 
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1 
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2 
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3.1.6.4 Reconnnended Technology Development Activities. Table 3-4 summarizes 
the recommended technology development activities· for pretreatment system 
enhancements. 

3.2 ALTERNATIVE SYSTEM DEVELOPMENT 

Alternative pretreatment syste~s are also identified and recommended for 
evaluation if (1) the referente ~ystem is not selected for deployment because 
of the costs associated with development, demonstration, and implementation of 
the necessary technologies or (2) because the time to.develop the technologies 
is not compatible with the overall remediation schedule for the Hanford Site. 
Further, pretreatment alternatives are required because of the uncertainties 
associated with the LLW form and definition of ~onstituent limits in that 
form, as well as uncertainties in sufficiently reducing the volume of sludge 
to permit Hanford Site HLW to be vitrified in a reasonable time. 

3.2.l Description of Alternative System/Strategy 

For the purpo~es of this technology plan, the pretreatment alternatives 
focus on simpler pretreatment processes because the reference, enhancements to 
the reference, and the CLEAN strategy all employ more extensive pretreatment 
processes .. These extensive pretreatments are targeted to reduce ~he volume of 
HLW and improve the acceptability of the LLW form. However, this will come at 
the expense of long and costly technolog~ development efforts. 

Five alternative pretreatment systems were identified during the TWRS 
National Technology Workshop. With the exception of calcination, these 
alternatives assume that organic destruction would be completed in the 1PM. 
Each is recommended for further feasibility studies. · 

• Bulk Treatment Using Precipitation Technology. This pretreatment 
approach uses precipitation and carrier precipitation technologies 
to remove radioactive contaminations from tank wastes. A wide range 
of precipitates has been identified for removing ceiium, strontium, 
technetium, and TRU contamination from acidic and alkaline waste 
streams. The technology base suggests that precipitation-processes 
could be engineered to complete the pretreatment mission i the 
separation efficiency could be maintain~d high enough. Preliminary 
laboratory cir flowsheet studies are needed to establish technical 
feasibility. 

• Bulk Treatment Using Chromatography. This pretreatment approach 
uses ion-exchange and extraction chromatography to decontaminate 
tank wastes. Both alkaline and acidic side processes will be 
considered in this ev~luation. · · 

• Bulk Treatment Using Leaching and Ion-Exchange Process. This 
pretreatment approach ~ses technology that can be applied to the 
bulk leaching of major chemical components including sodium, 
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Technology Development 
SlllTlllary 

Category/Function 

TRU Removal by 
Alternative Processes 

• TRU removal 

,, 

Sr and TRU Removal on 
Basic Side 

• TRU removal 
• Strontiun removal 

Removal Nitrates, 
Nitrites 

. Removal of other 
radionucl ides 

Iodine Removal 

. Removal of other 
radi onuc Ii des 

Technical Question 

Are there other 
strontium extraction 
processes that are 
more effective ~han 
TRUEX? 

Can strontium and 
TRU be effectively 
removed on the basic 
side? 

Can 
nitrates/nitrites be 
effectively removed 
from tank wastes? 

Is iodine a problem? 
If yes, can iodine 
be removed to 
acceptable levels 
from grout feed 
streams 

Technology Development 
Activity 

• Laboratory-sea le 
feasibility studies 

• Bench- and 
confirmation-scale 
pilot tests 

• Flowsheet 
development 

• Final specifications 
for plant design 

Laboratory feasibility 
test 

• Screen candidate 
processes 

• Laboratory-scale 
feasibility studies 

• Bench-and 
confirmation-scale 
pilot tests . Flowsheet 
development 

• Final specifications 
for plant design . Establish basis for 
removal 

• Conduct feasibi I ity 
studies 

Program IRFact if Likelihood of 
Meeting TPA Not Funded Milestones 

Canister production N/A 
may exceed no 
backup to TRUEX 
(Regulatory). 
Canister production 
may result in 
tremendous canister 
disposal cost/No 
backup to TRUEX if 
it proves 
infeasible/undesira 
ble. 

Greater amounts of N/A 
strontium and TRU 
may go to grout; 
Increases volume of 
waste requiring 
treatment 
(Interface, 
Regulatory) 

Grout feed may need N/A 
to be stored until 
process is 
developed or sent 
to HYVP (affecting 
glass volume and 
NOx emissions) 
(Interface, Safety, 
Regulatory) 

1-129 has long N/A 
half-life, impacts 
performance 
assessment 
(Regulatory) 

Likelihood Level of 
of Technical 

Application Uncertainty 

Mediun Very High 

Low High 

Unknown Medium 

Low High 
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Technology Development 
Sl.lllllary Technical- Question 

Category/Function 

Technetium Removal can technetium be 
removed to 

• Removal of other acceptable levels 
radionuclides from grout feed 

streams? 

Cesium Removal on Acid Can cesium be 
Side removed effectively 

from acid or waste 
• Removal of other streams? 

radionucl ides 

LUI Organic Destruc_tion Yhat is the 

. preferred method to 
Organic/ferrocyanide convert organics to 
Destruction need LLY 

requirements 

HYVP = Hanford \Jaste Vitrification Plant. 
LLY = Low-level waste. 
Tri-Party Agreement 
TRU = Transuranic. 

TRUEX = lr,ansurani c extraction. 

Technology Development 
Activity 

• Screen candidate 
processes 

• Laboratory-scale 
feasibility studies 

• Bench- and 
confirmation-scale 
pilot tests 

• Flowsheet 
development 

• Final specifications 
for plant design 

• Laboratory-scale 
feasibility studies 

• Bench- and 
confirmation-scale 
pilot tests 

• Flowsheet 
development 

• Final specifications 
for plant design 

• Establish adequacy 
of 1PM destruction 
of organics . Evaluate effect of 
pretreatment 
processes on organic 
content of LLY 
streams 

Program Impact if- Likelihood of 
Meeting TPA Not Funded Milestones 

Regulatory need is N/A 
unresolved 

• Increase volume N/A 
of low level 
waste form 

• Plant· design will 
be complicated if 
alternative 
process is 
required 
(Interface, 
Operation)_ 

Grout feed may need N/A 
to be stored until 
acceptable process 
is developed or 
processed in HYVP 
(affecting glass 
volume and NOx 
emissions) (Safety, 
Interface, 
Regulatory)· 

Likelihood Level of 
of Technical 

Application Uncertainty 

Low-Medium Low 

High Very High 

Low-Medium High 
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. phosphorus, bismtith, aluminum, iron, and minor constituents 
(strontium, cesium) to reduce the volume of the HLW form. Leach 
solutions will be decontaminated using ion-exchange, and the sludges 
will be converted to a HLW form. 

Alternatively, the sludge will be decontaminated by. leaching· 
radionuclides. The decontaminated sludge would be converted to a LLW form 
while the leach solution is handled as HLW. 

• Calcine and Bulk Leaching. For this pretreatment approach, the 
entire volume of waste is calcined to destroy nitrate/nitrite and 
organics present in the waste. The resultant calcine product is 
contacted with a variety of chemical reagents to remove radioactive 
or chemical contaminants (as required). 

• Sludge Washing Only. This pretreatment alternative involves sludge 
washing tank waste and decontamination of the supernatants and wash 
solutions with ion-exchange. Blending of tank wastes will be 
heavily relied on to reduce the HLW vitrification requirements. 
This alternative represents a minimum of technology development for 
pretreatment compared to the other pretreatment systems. 

3.2.2 Uncertainties and Risks Associated 
with Alternate System 

Most of the technical and programmatic risks associated with the 
reference system also apply to the alternatives. The risk of generating 
excessive HLW for vitrification is greater wi~h these options than with the 
reference or enhancements. Some of the technologies for reducing the volume 
of HLW are not well defined and will require extensive technology development 
efforts. · 

3.2.3 Pretreatment Technology Development Activities 

Table 3-5 summarizes the recommended technology development activities 
for alternative systems. 

3.3 CLEAN OPTION 

3.3.1 Description of CLEAN Option/Strategy 

The CLEAN option is a pretreatment option that applies aggressive 
pretreatment of the tank waste, as detailed in Section 4.l.4 
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milestones 

Sludge leaching of Can silll)le • Identify incentives If successful, this N/A N/A High 
radionuclides and pretreatment for blending or bulk alternative may 
treatment by processes be treatment processes provide a more 
precipitation of solid implemented and • Complete feasibility cost-effective 
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objectives? bulk processes (Cost, Improvement) 
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pretreated treatment processes may provide a 
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3.3.2 Uncertainties and Risks Associated with CLEAN 

In addition to the uncertainties and vulnerabilities associated with the 
reference and enhanced systems (whose functions are also included in CLEAN), 
there is uncertainty that the additional functions of the CLEAN pretreatment 
concept can be developed, demonstrated, and deployed in a timely manner. The 
costs of developing all of the CLEAN technologies are expected to be the 
highest of any option, and the schedule will be the longest for remediating 
the Hanford Site tank wastes. 

3.3.3 Prioritized Functional Needs 

The additional functions required to implement CLEAN include chemical 
recycle, removal of radionuclides to Class A, removal of heavy metals, and 
recovery of noble metals. These functions are described in Section 2.3. They 
have not been prioritized because of the limited development of the CLEAN 
option. 

3.3.4 Prioritized Technology Development Activities 

The TWRS TWG did not rank technologies associated with the CLEAN option 
as most of the functional needs require additional research to identify and 
prioritize technologies. Also, the full scope of CLEAN has not been fully 
formulated at this time. 
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4.0 TECHNOLOGY PROGRAM DESCRIPTION 

4.1 TECHNOLOGY PROGRAM DESCRIPTIONS. 

Section 3.0 summarized the pretreatment functional needs and, where 
applicable, the prioritized technology responses to those needs for the 
reference pretreatment system, for.enhancements to the reference, and for 
alternatives. As a result of these functional needs and technology responses, 
a technology development program has been identified. Presented in this 
section are the planned activities by functional need for each of the 
pretreatment system, including scope, deliverables, and· schedules. 

4.1.1 Reference Technology 

The reference pretreatment system is the three-phased technology 
deployment strategy presented in Section 3.1. The first phase consists of 
organic/ferrocyanide destruction to mitigate tank safety concerns, sludge 
washing, and cesium ion exchange. The second phase add~ tank blending and 
selective leaching of the sludge. The third and final phase adds sludge 
dissolution and TRU and strontium extraction. The technology development 
proyram for each of these functions is summarized below. 

4.1.1.1 Sludge Washing. 

Statement of Issue. Sludge washing is the minimal pretreatment that can 
be done on any tank sludge. It is expected that sludge washing will be 
performed on the sludge from each Hanford Site tank, except for complexant 
concentrate waste sludges. Sludge washing is defined as mixing the sludge 
with raw or inhibited water (dilute sodium hydroxide. and sodium nitrate 
added), then separating the undissolved solids from the wash liquor. 

The primary benefit of sludge washing will be a reduction in the volume 
of HLW. Sludge ·washing will remove the soluble components (e.g., NaN03 , 

NaNOi, and sodium hydroxide) from the sludge. Included in the soluble portion 
of the sludge and saltcake is a large fraction of the 137Cs. Necessary 
information to be determined includes the disposition of various radionuclides 
in the washed solids and the wash liquor phase. This information will be used 
to determine what addit.ional processing will be needed to dispose of the 
liquids as a low level waste and what additional processing will be needed to 
minimize glass canister production in the HWVP. 

Additional processing conterns to be addressed include, evaluation of 
solid-liquid separation, measurement of natural settling rates, evaluation of 
safety issues, such as the effect of turning the air lift circulators off on 
heat generation in the ageing waste tanks. 

The washed sludge could be handled in one of three ways. 

• It could be vitrified. 

• It could be subjected to some form of intermediate processing 
(e.g., aluminum leaching, chromium, leaching, and TRU leaching). 
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• It could be dissolved in acid and subjected to an advanced 
pretreatment process (e.g., TRU extraction and strontium 
extraction). 

The option chosen will depend on the final program strategy. 

A secondary benefit of sludge washing is the removal of nitrite ion. The 
presenc~ of nitrite ion in the sludge would lead to NO~ genefation whe~ the 
sludge is dissolved in acid or when heated in the vitrification process. The 
removal of nitrite by sludge washing would eliminate NOx generation during 
those processing steps. Also, removal of carbonate ion by sludge washing 
would eliminate foaming associated with the release of CO2 during acid 
dissolution. 

Scope. Sludge washing studies will be conducted on actual tank sludge 
samples over a period of seven years. The objective of these studies will be 
to determine the effect of sludge washing on the composition of the sludge. 
The composition of each washed sludge (e.g., radionuclides, chromium, 
aluminum, iron, bismuth, and phosphorus contents) will be determined, as will 
the composition of the wash solutions. These data will be used to make 
decisions as to further processing of the sludges, i.e., direct vitrification, 
intermediate processes, or advanced pretreatment. 

The tank sludges investigated i~ any given fiscal year will be obtained 
from tank core samples taken in the previous year. For example, sludges from 
tanks core-sampled in FY 1992 will be investigated in FY 1993. The sludge 
washing studies will be coordinated with sludge leaching and sludge 
dissolution studies to get the maximum amount of information from a given 
sludge sample. 

Additional work scope included under sludge washing involves the 
development and testing needs for performing sludge wash operations. 
Equipment to be tested/developed includes interface monitoring equi~ment f~r 
evaluation of settling progress, and an online TRU monitor for continuous 
monitoring of the alpha activity within the supernate liquors._ Additionally, 
methods of improving solids settling by controlling crystallizati~n will be 
investigated; · · 

A test will al so be performed on tank 101-AZ to verify that air lift 
circulators can be turned off _without causing a steam bump in the solids. The 
information from this· test will be used to verify aging waste tank heat 
build-up models. · 

Finally, a pilot-scale facility will be constructed and operated to 
produce 15O-kg samples of washed sludges for HWVP waste form qualification 
feed. This facility will then be operated for the duration of the tank waste 
remediation program. 
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Status. In previous years, testing of individual sludges has been 
performed to determine separation factors for the various components. This 
testing has been limited to the small (~pproximately 2-gm) samples of tanks 
previously cored. This information is very limited and continued testing of 
this material is warranted. Additional testing of -small samples has been 
performed in conjunction with acid-dissolution studies. These tests also 
included monitoring of solids settling rates and the effect of dilute sodium 
hydroxide on the settling rates. 

Previously, a device to continuously measure the concentration of 
transuranic materials in the sludge liquor has constructed and tested. 
A full-scale TRU monitor has also been constructed and operated to determine 
the proper internal configuration for good liquid and solids flow. Final 
testing is to be performed in conjunction with large-scale sludge washing 
operations to test a full-size TRU monitor with aging waste material (NCAW). 

Remaining Tasks. The following tasks are heeded to bring this technology 
to completion. 

• Complete development of the TRU monitor, especially with respect to 
materials of construction, and testing of the full-size device with 
actual waste. 

• Perform extensive testing of all tanks to determine sludge wash 
· parameters, such as component separation and solids settling rates. 

• Perform characterization of mineral phases in washed solids. 

• Develop a computer model to predict component separations. 

• Complete testing of instrumentation for monitoring sludge settling. 

• Perform tank 101-AZ settling-bump test 

• Resolve concerns about pitting corrosion during and after sludge 
washing .. 

• Construct and operate a pilot-scale sludge wash facility to produce 
feed samples for waste form qualification. 

Schedule Requirements/Milestone Table. The key milestones associated 
with the development of the sludge washing process are listed in Table 4-1. 
The milestones shown are those that can be clearly defined at this point in 
time. Additional milestones will most likely be added in the future. 

4.1.1.2 Cesium Removal by Ion Exchange. 

Statement of Issue. The separation of alkaline supernatants, washing of 
HLW sludges, and retrieval of tank wastes will generate liquid containing 
radioactive cesium (137Cs). Before disposal in grout, these liquid wastes 
will be treated at the 1PM by ion exchange to remove a majority of the cesium. 
In previous screening studies, various ion exchange media were tested for 
their capacity to recover cesium. Extensive studies to characterize the 
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Table 4-1. _ Sludge Washing Milestones. 

Milestone Completion Milestone description date 

1 09/99 Complete sludge wash laboratory t~~ting of all 
core samples. 

2 09/93 Complete preparation of a continuous sludge 
washing flowsheet for neutralized cladding 
removal waste. 

3 09/94 Complete tank 105-C sludge washing flowsheet 
based on laboratory data. 

4 09/94 Complete in-tank operation~l test of in-tank 
washing instrumentation. 

5 . 09/95 Complete tank 101-AZ sludge wash flowsheet based 
on computer model. 

6 09/96 Complete testing of corrosion probe in first 
selected double-shell tank. 

7 01/96 Complete corrosion evaluation for neutralized 
cladding removal waste, 

8 01/98 Complete transuranic monitor test in conjunction 
with tank 101-AZ sludge washing operations. 

9 01/98 Start up sludge washing pilot plant for waste 
form qualification in new hot pilot facility. 

equilibrium behavior of selected ion exchange media over a wide range of 
conditions have also been completed. The remainder of the ion-exchange 
technology program entails defining, verifying, and recommending .an 
ion-exchange process for the !PM through laboratory-scale column studies, 
ion-exchange resin stability studies, and pilot-plant process demonstrations. 

The concentration of liquid wastes processed through the IPM ion-exchange 
system will vary. Some feeds could conceivably be full-strength supernatant 
liquors decanted directly from the tanks; other feeds will be wash waters that 
could vary widely in concentration. Variations also will occur in the 
relative concentration of cesium and significant constituents (Na, K, Rb, OH) 
from one type of waste to the next. These and other independent variables 
that affect the performance of ion-exchange columns need to be characterized 
to support the design and subsequent operation of the ion-exchange system. 

Scope. Batch equilibrium studies initiated during FY 1992 will be 
concluded during FY 1993 to provide a comprehensive reference of equilibrium 
behavior for the ion-exchange media under consideration. This task is 
designated design basis expe~iment (Phase 0). As the 1PM project progr~sses 
and additional design basis information re·quirements are identified, it is 
anticipated that further Design Basis Experiments (Phase 1, Phase 2, etc.) 
will be completed. For example, during FY 1994 Phase 1 is planned to verify 
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the baseline IPM flowsheet on a bench scale. In FY 1995, it is anticipated 
that project design, safety, and regulatory documents will have identified 
issues requiring resolutiori through laboratory studie~. 

The studies being conducted during FY 1993 include a bench-scale 
column-loading study to define the breakthrough behavior of s~lected 
ion-exchange reiins with emphasis on the operation of a multiple-column system 
and establishing the "maximum" volumetric throughput fat the subject resins. 
In conjunction with the ·loading studies, there will also be experiments to 
optimize and verify the conditions for elution and regeneration of the 
columns. A study of the effects o~ radiatiori on two resins produced by 
Boulder Scientific C~. (resorcinol-formaldehyde polymer) and the Rohm and Haas 
Co. (CS-100) will also be completed. This study will examine the degradation 
of resin performance, the gas releases during irradiation, the water soluble 
organic degradation products, the corrosive effects during irradiation, and a 
comparison of res~lts for irradi~tion that nccur under static and flowing 
conditions. 

In addition to the above laboratory- and bench-scale work, preparations 
for an ion-exchange pilot plant will be initiated in FY 1993. This_ will 
include a task to document the objective~ of a pilot plant and an assessment 
of pilot-plant facilities that are available within the DOE complex. By the 
end of FY 1993 a decision will be made on the course of action (e.g., pilot 
plant, at Pacific Northwest .Laboratory (PNL) versus Savannah Ri_ver Technical 
Center (SRTC} and documentation of the functions and req~irements for the 
pilot plant. Pilot-plant design, procurement and installation acti'vities will 
be completed by the end of Calendar Year (CY) 1994, and pilot-plant testing 
and reporting will be reported by the end of CY 1995 .. 

The final activities within the scope of the ion-exchange development 
program will include devel~pment of a preliminary conceptual flowsheet for IPM 
ion exchange at the end of CY 1993, a conceptual flowsheet at the end of CY 
1994, and a final flowsheet April 30, 1996. Each flowsheet update will 
incorporate the results of laboratory-scale and pilot-plant results, as well 
as changes in IPM process philosophy.· · 

Simultaneously with the cesium ion exchange development activities, the 
first CPU is being designed and procured to complete cesium ion exchange on 
tank supernatant. The CPU is scheduled to be·cteployed in the tank farms 
several years before IPM is r~ady for radioactive operations. Current plans 
are to use resorcinol resin developed at the Savannah River Site. 

Status. In previous years, screening studies were conducted to identify 
ion exchangers for use in B Plant for the pretreatment of neutralized current 
acid waste (NCAW) supernatant and wash waters. The selection criteria were a 

· high capacity for cesium in the presence of a high concentration of sodium, 
and reasonable stability in a harsh radioactive and chemical environment. 
Those screening studies narrowed the choices· to a Rohm and Haas phenolic resin_ 
(CS-100 and an SRTC-developed resorcinol resin). · 

During FY 1992, an extensive test program was started to quantify the 
equilibrium behavior of the above resins. These tests established the 
equilibrium capacity of the resins under a wide range of concentrations and 
over the temperature range that would be encountered during processing. For 
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the sake of comparison, identical tests with an inorganic exchanger (IE-96) 
were completed at the same time. However, IE~96 is the ion exchanger in use 
at th~ West Valley Demonstratidn Project. IE-96 is not in contention for use 
at the 1PM because it is not stable in Hanford Site highly alkaline waste 
solutions. 

Approximately 500 experiments were completed with CS-100 and the 
resorcinol resin. The primary conclusions of the FY 1992 work were that: 
(1) the ion-exchange capacity of CS-100 and ·IE-96 doublis over the temperature 
range from 40 to 10° C, while the capacity of the resorcinol resin_ improves 
only slightly;. (2) the resins' capacity for cesium correlates with the total 
sodium and equilibrium sodium-to-cesium ratio (i.e., capacity in simulated 
NCAW and simulated complexant concentrate (CC) were found to be the same, 
implying that generic ion-exchange data can be applied to a broad range of 
waste types); and (3) that the capacity_ of the exchangers has the following 
order: resorcinril > IE-96 > CS-100, although the difference in capacity 
diminishe~ as the sodium/cesium ratio diminishes. The interference effects 
from potassium and rubidium were only partially characterized in these 
experiments. 

Remaining Tasks .. The following .tasks are needed to bring this technology 
activity to tompletion. · 

• Conduct design basis experiments to provide comprehensive ion 
exchanger equilibrium data, verify the design basis flowsheet, and 
provide other project d~sign-basis information as the IPM project 
evolves. · · 

• Conduct column-loading and elution studies. 

• Conduct radiation and chemical stability testing. 

• Evaluate•pilot-plant objectives. 

• Design, procure, install, and operate a pilot plant. 

• Update periodic 1PM flowsheets to support the project design. 

Schedule Requirements/Milestone Table. Table 4-2 is an ion-exchange 
technology schedule that is unconstrained by 1PM project deadlines. The 
milestones lead to 1PM flowsheet documents that support the pro)ect. 

4.1,1.3 Organic/Ferrocyanide Destruction 

Statement of Issue. The following classes of tanks at the Hanford Site 
are considered_ to have the highest safety risks. 

• Explosive gas (H2) ge~erating tanks 
• Organic tanks · 
• Ferrocyanide tanks. 

4-6 



WHC-EP-0629 

Table 4-2. Ion E~change Technology Schedule. 

Milestone Completion date Milestone description 

1 04/93 Report on comprehensive equilibrium study 

2 09/93 Design basis test plan (Phase 1) 

3 03/94 Design basis test report (Phase 1) 

4 07/93 Report on column-loading and elution study 

5 08/93 Report on resin radiation/chemical stability 

6 06/93 Report on pilot-plant functions and 
requirements · 

7 12/93 Pilot-plant test description and 
speci fi cat i ens 

8 09/93 Draft IPM ion-exchange preliminary conceptual 
fl owsheet 

9 12/93 IPM ion-exchange preliminary conceptual 
fl owsheet 

10 09/94 0ptimizat~on test report for cesium ion 
exchange 

11 09/94 Complete resin procurement 

12 04/94 Complete pilot-pl ant design 

13 09/94 Complete pilot-plant procurement 

14 12/94 Complete pilot-plant installation 

15 12/94 1PM ion-exchange conceptual flowsheet 

16 12/95 Design basis test report (Phase 2) 

17 12/95 Complete pilot-plant test report 

18 03/96 1PM ion-exchange final flowsheet 

IPM = Initial Pretreatment Module. 
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Problems associated with these types of tanks could be lessened dramatically 
if the organic or ferrocyanide constituents. of the waste could be destroyed or 
removed. Near-term processing to accomplish this destruction or removal may 
be needed to ensure continued safe storage of these wastes until final 
disposal process operations can be initiated. However, the scope of the 
organic destruction requirement currently is not well understood, nor are the 
technologi~s that can accomplish the eventual objectives well developed. 
Thus, the objective of this task is to evaluate and develop organic 
destruction techn~logies to be incorporated into the 1PM or, possibly, into a 
standalone CPU. Also, ensuring that the organic destruction process selected 
meets the current grout feed specification of 1,500 ppm organic carbon is a 
technical concern. Unless destroyed before grouting, organic complexants may 
greatly facilitate unacceptable transport of radionuclides or toxic metal 
leached from the grouted waste to th~ environment. Certain organic comp~unds 
may also be listed as_hazardous constituents. 

Scope~ This work includes.tasks to be performed by Westinghouse Hanford 
Company (WHC), PNL and outside vendors working through WHC and PNL. 
Laboratory studies.will be conducted on selected technologies to provide data 
necessary to narrow technology choices. Jhe tasks include establishing 
testing standards, and performing preliminary laboratory tests using synthetic 
wastes (based on the contents of an organic and a ferrocyanide watch list 
tank), and preliminary laboratory tests with actual wastes (from both an 
organic and a ferrocyanide watch l.ist tank). Based on the results of these 
studies, a pilot plant will be designed and built for one or more of the 
selected technologies. Engineering evaluations of the data from the 
laboratory tests and operating the pilot plant will be completed to support 
decisions on the final technology and the design, fabrication, and operation 
of a radioactive pilot fatility. Op~ration of the hot pilot plant on actual 
Hariford Site tank waste will support IPM goals by providing d~ta for operation 
and full-scale 1PM design that cannot be obtained by tests of waste simulants. 
Data will be collected and compared to batch and cold pilot plant data in the 
areas of chemical kinetics, element phase distribution, offgas composition, 
destruction efficiencies, and safety. 

A separate composition variability study is bein~ conducted by __ Grout 
Technology. The available grout formulas and validated core sample data will 
be used to develop a formulation for grouting treated wastes. This study will 
determine effects that treating simulated and actual watch list tank waste 
will have on grout quality. 

Status. A technology plan was developed and implemented in FY 1993. 
Some preliminary laboratory work has been performed. However, laborptory 
testing with ferrocyanide waste cannot begin until a suitable analysis method 
is available. Ozonation tests were performed on a simulant of waste from 
tank 241-SY-101 in FY 92. Test plans have been completed for conducting ozone 
tests using actual 241-SY-101 wastes in FY 93. Batch wet oxidation tests were 
conducted using an organic waste simulant. A bench-scale continuous 
low-temperature wet oxidation reactor is being fabricated. Some laboratory 
calcination work using actual waste has been completed. _A calcination plasma 
arc demonstration using synthetic waste also was completed. Laboratory 
organic destruction tests were performed on synthetic wastes using an 
electrochemical cell. Other laboratory testing is to be completed in FY 1993. 
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The concept for the cold pilot plant is being devel~ped. A safety 
evaluation was completed and a detailed design for the 6zone process was 

· initiated. Preliminary flowsheets for the ozone, low-temperature wet 
oxidation, and calcination technologies are being prepared ahd finalized in 
FY 1993. An independent peer review of the IPM Engine~ring study recommended 
hot-pilot-plant testing of the destruction technology to confirm early 
findings. An IPM technology plan was developed for FY 1993 to include grout 
testing of treated waste and to establish a baseline for the destruction 
technologies. The plan includes grout testing of ozone-treated simulated and 
actual waste from tank 241-SY-101. Additional grout tests may be performed in 
FY 1993 on 241-SY-101 waste simulants after treating the simulant using the 
calcination and low-temperature hydrothermal processes. 

Remaining Tasks. Completion of the following tasks will close this 
issue. · 

• Develop destruction testing standards and laboratory analysis 
methods. 

• Perform preliminary laboratory tests on synthetic and actual organic. 
and ferrocyanide wastes from watch list tanks 

• Complete ozone cold pilot plant and test with waste simulants; 
procure or identify an offsite cold pilot plant for conducting 
low-temperature wet oxidation tests using simulants; complete design 
of calcination reactor, and complete tests usin~ waste simulants. 

• Complete preliminary and revised flowsheets for the ozone, 
low-temperature wet-oxidation and calcination technologies as input 
to design activities. 

• Define requirements for the hot pilot plant facility; design, 
fabricate, and_ install equipment in a hot cell complex; and complete 
tests with actual wastes. 

• Perform grout tests on other watch list tank waste and destruction 
technologies, as required. Develop formulations from the current 

. grout technology database and recommend grout formulation ~hanges, 
as required. 

Schedule Requireinents/Mil.estone Table. Table 4-3 lists the key 
milestones associated with organic/ferrocyanide destruction. 

4.1.1.4 Selective Leaching of Sludge. 

Statement of Issue. It is expected that advanced sludge pretreatment 
processes, such as the TRUEX process, will not be available until 
approximately 5 to 10 years after the startup of HWVP. Thus, there is a 
possibility that gaps may occur in the ·feedstock for HWVP before the startup 
of the second pretreatment module.(SPM). Selective leaching processes might 
be implemented on certain wastes to provide continuity of fe.ed to HWVP if a 
gap occurs between the feeds provided by sludge washing and the startup of 
the SPM. Leaching processes are not expected to reduce the HLW volume to the 
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Table 4-3. Organic/Ferrocyanide Destruction Milestones. 

Milestone Completion date Milestone description 
1 . 06/93 Recommend preferred organic· 

processes to conceptual design 
report 

2 09/93 Issue report on alternative 
organic destruction 
technologies 

. . 3 06/94 Issue report on synthetic 
waste laboratory tests 

4 06/96 Start grout tests of synthetic 
and watch list tank wastes 

5 9/93 -Issue preliminary report on 
laboratory tests with tank 
wastes 

6 03/95 Complete construction of 
calcine pilot plant 

7 01/95 Complete construction of ozone 
pilot plant 

8 03/98 Issue report on cold pilot 
plant tests 

9 03/93 Complete preliminary ozone 
flowsheet 

10 09/93 Complete preliminary calcine 
flowsheet 

11 12/98 Complete hot pilot plant tests 

extent advanced pretreatment methods will, but they may be easily implemented 
in the !PM at a modest cost. The costs of performing such processes may be 
offset by the cost of having HWVP idle from lack of feed. This task will 
address the development of appropriate leaching technologies. 

Scope. Two general types of leaching methods will be considered: . 
(1) l.eaching of nonradioactive components (e.g., aluminum, silicon, chromium) 
from the tank sludges, and (2) leaching of TRUs from the sludges. In the 
first approach, the volume of HLW is reduced by dissolution of certain sludge 
components, while the TRUs remain in the sludge. T~e leached sludge ~ou1d be 
handled as HLW. In the second approach, the HLW volume is reduced by 
dissolution of the TRU portion of the waste, while the bulk waste material 
remains undissolved.· If sufficiently decontaminated, the remaining solids. 
could be handled' as LLW. The leachate could be vitrified directly or · 
processed further to concentrate the TRUs .. 
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Intermediate processing studies will be ongoing through FY 2002. The 
scope of this work will involve: (1) identifying the tank sludges that might 
be amenable to pretreatment by leaching methods, (2) developing of the process 
chemistry needed to leach the desired components from the sludge, 
(3) developing the process flowsheets for each candidate waste type, and 
(4) testing the leaching processes at laboratory-, bench-, and pilot-plant 
scales. Investigations will focus on removing aluminum and silicon by caustic 
leaching, removing chromium by oxidation to Cr04

2
- or by selective leaching 

with complexants, leaching TRUs with dilute HN03 (possibly in the presence of 
an·oxidant}, and leaching TRUs from alkaline tank sludges (e.g., with 
complexants and water-soluable chelates). For planning purposes, it is 
assumed that TRU leaching will be investigated for all sludges that are 
TRU wastes, but those wastes that have borderline TRU contamination levels 
(e.g., 100 to 500 nCi TRU/g) will be given priority. Aluminum and silicon 
leaching would be done on those tanks that contain significant quantities of 
these elements. Chromium leaching will only be done on wastes with 
significant chromium content. 

Status. A method to leach aluminum, chromium, phosphorous and sulfur 
from PFP sludge (tank SY-102) has been demonstrated at a laboratory scale 
using actual PFP sludge (Lumetta et al. 1992; Lumetta and Swanson 1993c). 
This method involves leaching the sludge with 0.1 M sodium hydroxide 
at 100 °C, then with KMn04 at 100 °C. In initial tests, this method was found 
to remove greater than 95 percent of the aluminum, chromium, phosphoro~s, and 
sulfur from the PFP sludge. Implementation of this process would be expected 
to result in the production of -500 canisters of glass for disposal of this 
waste, as opposed to -2,500 canisters if only sludge washing is employed. 
Further laboratory testing of this method is required to ensure that the 
method is applicable for the entire volume of sludge in the tank. Also, 
laboratory tests are required to ensure that the leach solutions are non-TRU. 

Leaching of alkaline-washed sludge from SST U-110 with 2 M HNO~ (100 °C) 
was found to dissolve the TRU content of the sludge without dissolving a large 
fraction of the sludge (Lumetta et al. 1993b). The initial tests suggest that 
most (-75%) of the sludge from tank U-110 can be handled as LLW, with the 
resulting grout form meeting Nuclear Regulatory Commission (NRC) Class C LLW 
criteria. The acid leach solution could be sent to HWVP directly or processed 
further to concentrate the TRUs. 

It is expected that as more tank wastes are investigated, other wastes 
will be identified that could be pretreated using leaching methods. 

Remaining Tasks. Completion of the following tasks will close this 
issue: 

• Identification of wastes that have chemical components that would 
benefit from selective leaching processes 

• Screening study of potential reagents to oxidize chromium(III) to 
chromium(VI) and selection of the besi oxidant 

• Screening study of potential complexants for Jhe selective leaching 
of chromium from alkaline tank sludges and selection of the best 
complexant chromium leaching agent. 
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• Laboratory-scale and larger scale testing of chromium-leaching 
agents with actual waste 

• Identification of wastes that have high aluminum and silicon 
contents 

• Laboratory-scale and larger scale testing of leaching processes for 
the removal of aluminum and silicon with actual waste 

• Bench-scale testing of caustic leaching with actual waste 

• Screening study of potential complexants for the selective leaching 
of TRUs from alkaline tank sludges and selection of the best 
complexant TRU leaching agent 

• Laboratory-scale and larger scale testing of TRU-leaching agents 
with actual waste 

• . Laboratory study pf the corrosion effects of higher oxidation state 
components 

• Determination of the need to reduce chromium(VI) to chromium(l11) 
before feeding leach liquors to grout 

• Flowsheet development for selective leaching processes. 

Schedule Requirements/Milestone Table. ·Selective sludge leaching studies 
will be ongoing through FY 2002. Studies will be conducted based on tank 
composition data to identify tank wastes that will benefit from selective 
component leaching. Each particular tank sludge will be evaluated as samples 
become available. The key milestones associated with the development of the 
selective leaching processes are listed in Table 4-4. The milestones shown 
are those that can be clearly defined at this time. Additional milestones 
will likely be added in the future. 

4.1.1.5. Blending. 

Statement of Issue. Many waste streams expected as feed to the HWVP and 
the Grout Treatment Facility have components that limit the waste loading. 
Blending of waste feed streams is being considered as a simple but effective 
method of increasing the waste loading in grout and glass. The basic concept 
is that a feed high in one component will be mixed with another feed that 
contains a high level of a different component, producing a blended stream 
with a lower concentration of both components. 

Scope. Development of computer software to examine benefits of blending, 
which incorporates all of the tank waste compositions and explores the impact 
of various assumptions and constraints, will be continued. This software is 
being developed to access a tank waste database and ·interface with databases 
or other software containing information on pretreatment and waste disposal 
processes. The completed software will provide an optimum treatment strategy 
for a given set of constraints and will allow uwhat if" studies to be readily 
performed. Continued use of the software by systems personnel is desirable 
for feedback to the software development. 
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Table 4-4. Selective Leaching Milestones. 

.Milestone Completion date Milestone description 

1 09/93 Update flowsheet for intermediate 
processing Plutonium Finishing Plant 

2 09/94 Complete laboratory-scale testing with 
FY 1992 cores 

3 09/94 Determine what tanks sampled in FY 1992 
are candidates 

4 09/95 Complete laboratory-scale testing with 
FY 1993 cores 

5 09/95 Determine what tanks sampled in FY 1993 
are candidates 

6 09/96 Complete laboratory-scale testing with 
FY 1994 cores 

7 09/97 Complete laboratory-scale testing with 
FY 1995 cores 

8 09/98 Complete;laboratory-scale testing with 
FY 1996 cores 

9 09/99 Complete laboratory-scale testing with 
FY 1997 cores 

10 09/00 Complete laboratory-scale testing with 
FY 1998 cores 

11 09/01 Complete laboratory-scale testing with 
FY 1999 cores 

Status. An initial study was completed in FY 1993 that identified the 
magnitude of the benefits from blending. This study indicates that the waste 
loading in the grout and glass can be increased and that the number of 
components exceeding the grout and glass specifications can be ·greatly reduced 
but not completely eliminated. This study also .identified limiting case grout 
components (fluorine, lead) that could r~sult in more grout vault~ than the 
current estimates. Blending is viewed as a supplemental strategy that should 
be considered as a part of all waste pretreatment systems. 

The initial blending study focused on blending wastes from pretreatment 
with sludge wash and selective leaching and did not consider more aggressive 
pretreatment methods. The software that is being developed incorporates an 
improved model for estimating glass waste loading. Jt will design a specific 
component frit for each waste feed, which will maximize waste loading to 
determine an optimum blend. 
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Remaining Tasks. 

• Complete the waste-blending computer system to add a user interface 
and extend the capability to include all of the DST and SST wastes. 

• Extend the system capability to include pretreatment scenarios other 
than sludge wash. Incorporate new tank waste composition data as 
they become available. 

• Complete development of system architecture and basic capabilities. 

• Extend computer system to handle all tank wastes and pretreatments 
and develop an optimized strategy for waste pretreatment. 

Schedule Requirements/Milestone Table. The waste-blending task schedule 
requirements and milestones are presented in Table 4-5. 

Table 4-5. Blending Milestones. 

Milestone Completion date Milestone description 

1 03/93 Cleared report on initial phases of.the 
blending.study, Tri-Party Agreement· 
milestone 

2 09/93 Letter report summar1z1ng incentives for 
ble~ding the flrst 20 tanks to be 
retrieved 

3 09/94 Complete development of system 
architecture and basic capabilities 

4 09/95 Extend computer system to handle all tank 
wastes and pretreatments and develop an 
optimized strategy for waste pretreatment 

5 09/95 Expand system to include a knowledge 
based advisor system to assist user 

*Hanford Federal Facility Agreement and Consent Order, 1992, 2 vols, as 
amended, Washington State Department of Ecology, U.S. Environmental 
Protection Agency, and U.S. Department of Energy, Olympia, Washington. 

' ' 
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4.1.1.6 Sludge Dissolution 

Statement of Issue. In some cases (e.g., NCAW), separated and washed DST 
sludges can be vitrified ~ithout further pretreatmeht. Howev~r, to implement 
the SPM separation processes (e~g., TRU extraction, strontium· removal) 
required for other sludges (e.g., PFP, tC, or NCRW), it would be necessary to 
dissolve the components to be separated. The washed sludges will be treated 
(dissolved) to prepare an aqueous HN03 feed for the SPM; Thus, sludge 
dissolution is• critical to the success of the Reference and CLEAN pretreatment· 
systems. · 

Scope. Sludge-dissolution studies must be done on a tank-by-tank basis 
using actual tank samples. Sludge simulants are not suitable for such studies 
because of uncertainties regarding the specific species present in the wastes. 
A systematic study of sludge dissolution will be conducted at a laboratory 
scale; these tests will be ongoing through FY 2000. The tank sludges 
investigated in any given fiscal year will bi obtained from tank core samples 
taken in the previous year. For example, sludges from tanks core sampled in 
FY 1992 will be investigated in FY 1993. The results from the 
laboratory-scale dissolution tests will be used to plan scale-up. The sludge 
dissolution tests will be an integral part of the bench- And pilot-plant scale 
solvent extraction tests (Section 4.1.1;7). 

Status. Sludge-dissolution laboratory studies have been conducted on 
(NCRW) sludge (Lumetta and Swanson 1993b), on PFP sludge (Lumetta and 
Swanson 1993c), and on sludges from SSTs B-110 and U-110 
(Lumetta et al. 1993b). In all cases except tank U-110, good dissolution of 
the sludge solids was achieved using HN03 and HN03/HF solutions. Washing the 
NCRW solids extensively with water removes the flouride ion, which is . 
necessary for dissolution of the large _amounts of zirconium present in NCRW 
.solids. The results from these preliminary sludge dissolution studies were 
very promising. Candidate reagents and procedures for making all the various 
types of SST sludge soluable have been addressed by Schultz and Kupfer (1991). 
However, laboratory studies are needed on many more tank sludges to gain 
confidence that the wastes to be.treated in the SPM can be dissolved for 
processing. 

Remaining Tasks. Completion of the following tasks will close this 
issue: 

• Develop a comprehensive dissolution plan for laboratory-scale 
sequential tests with actual water-washed sludges. The goal of this 
plan should be to determine practical dissolution schemes that can 

· be applied on a plant scale. This plan should address the 
following: · 

.. 

- Nature, hiera·rchy, volume, and composition of reagents to be 
employed with each sludge type 

- Details (e.g., time, temperature) of each sequential 
dissolution step 

- Analytical procedures to measure the degree of dissolution 
accomplished with each reagent. 
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• Based on the results of the laboratory tests, complete the 
following: 

- Bench7 scale dissolution test~ 

- Pilot-scale dissolution tests. 

Schedule Requirements/Milestone Table. Sludge dissolution studies will 
be conducted on each particular tank sludge as samples become available. The 
key milestones associated with the development of the sludge dissolutton 
processes are listed in Table 4-6. The milestones shown are those that can be 
clearly defined at this time. Additional milestones will likely be added in 
the future. 

Table 4-6. Sl~dge Dissolution Milestones. 

Milestone Completion date Milestone description 

1 09/94 Complete laboratory-scale testing with 
FY 1992 and FY 1993 cores 

2 09/95 Complete laboratory-scale testing with 
FY 1994 cores 

3 09/96 Complete laboratory-scale testing with 
FY 1995 cores 

4 09/97 Complete laboratory-scale testing with 
FY 1996 cores 

5 09/98 Complete laboratory-scale 
FY- 1997 cores· · 

testing with 

6 "09/99 Complete laboratory-scale testing with 
FY 1998 cores 

7 09/00 Complete laboratory-scale testing with 
FY 1999 cores 

4.1.1.7 TRU Removal by Solvent Extraction 

Statement of Issue. System studies have indicated that the overall HLW 
disposal volume for the Hanford Site tank wastes can be reduced by 
implementing· advanced pretreatment processes. In particular, partitioning of 
the wastes into a small volume of HLW and a large volume of LLW will result in 
significant cost savings. The key element of this partitioning scheme is the 
separation of the TRUs from the bulk sludge components. The baseline process 
for achieving this separation is· disso]ution of the tank sludges in acid 
followed by extraction of the TRUs with 
octyl(phenyl)-N,N-diisobutylcarbamoyl-methylphosphin~ oxide (CM~b), which is 
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often referred to as the TRUEX process (Horwitz et al. 1985). This section 
describes the development of this process; alternative TRU removal processes 
are discussed in Section 4.1.2.1. 

Scope. The development of the TRUEX process will involve laboratory 
studies, bench-scale continuous counter-current tests, and pilot-plant tests .. · 

The scope of the solvent extraction laboratory studies ~ill include . 
(1) preliminary batch contacts of actual dis.solved sludge solutions with the 
TRUEX process solvent, (2) design of TRUEX process flowsheets for individual 
waste streams, and (3) testing of these flowsheets using batch contacts. The 
process flowsheets will then Qe demonstrated using bench-scale continuous 
counter-current solvent extraction equipment. Shakedown tests of the process 
flowsheets will be conducted using simulated waste. (on a cold bench-scale 
solvent extraction unit); then te~ts will be done using actual wastes (on 
a hot bench-scale solvent extraction unit). It is expected that these 
bench-scale tests will be done on 1- to 25-L portions of waste. The 
bench-scale tests will focus primarily on process chemistry, but some 
engineering information will also be obtained. The pilot-plant tests will be 
designed to addres.s both process chemistry and process engineering. It is 
expected that the pilot plant will be capable of processing 30 L of waste per 
hour. Again, shakedown tests will be conducted with simulated waste before 
tests with actual waste ~re done. Section 4.~.2 summarizes the development 
approach for solvent extraction .. 

Status. The TRUEX ~rocess was invented by E. P. Hor~itz at Argci~ne 
National Laboratory (ANL) and development of this process has been ongoing at 
ANL, PNL, and WHC (Horwitz et al. 1985; Schulz and Horwitz 1988; Swanson 
1991a, 1991b, 1991c; Lumetta et al. 1992; Lumetta and Swanson 1993a, 1993b, 
1993c). Japanese workers have conducted tests of the TRUEX process for 
treating high-level liquid waste from plutonium-uranium (PUREX) reprocessing 
plants (Ozawa et al .. 1992). 

TRUEX test results to .date have been encouraging. For example, batch 
testing with actual dissolved NCRW sludge solutions suggests that greater 
than 99 percent of the TRUs can easily be separated. from the bulk components 
of the sludge (e.g., zirconium and sodium). The status of the TRUEX 
processing of NCRW sludge has recently been described in detail (Lumetta and 
Swanson 1993b). 

Primary Uncertainties Regarding the TRUEX Process 

Although most work to date on the TRUEX process has y1elded positive 
results, several areas of uncertainty will require study. 

The largest uncertainty regarding the TRUEX process is how well the 
process will perform given widely ~ifferent feed compositions. No matter what 
technology is ultimately chosen for pretreating Hanford Site tank wastes, 
variability of ~eed will be an issue; this problem is not unique to the TRUEX 
process. The only reliable way to address this uncertainty is to test the 
TRUEX process on each waste type. Such tests will be conducted as tank waste 
samples become available. 
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A second u~certainty is the manner in which the TRUs will be stripped 
from the loaded solvent. Early TRUEX flowsheets for pretreating Hanford Site 
tank wastes called for using a 0.2 M 1-hydroxyethane-1,1-diphosphonic acid 
(HEDPA} solution for stripping the TRUs prior to TRU extraction. Experimental 
results showed that this reagent was very effective at stripping the TRUs from 
the TRUEX solvent. However, two issues h~ve precluded iti use. First, this 
reagent not only strips the TRUs from the solvent, but also strips uranium. 
Because of the large inventory of uranium in the SSTs, it may be advantageous 
to separate the uranium from the TRUs prior to TRU extraction. Selective 
stripping of TRUs from uranium coulef not be achieved with HEDPA. Second,· 
HEDPA contains two moles of phosphorus per mole of HEDPA. Because the TRUEX 
strip solution is a HLW, all of the phosphorus in the stripping agent would be 
in the feed to HWVP. Because of the low limits on phosphorus in the HWVP 
feed, using HEDPA would result in an excessive amount of glass being produced. 
A number of alternative stripping .schemes are .currently under consideration, 
but no decision has been made as to which is the best appfoach. 

A third issue is interference by other sludge components, especially 
uranium, thofium, and bismuth. These three elements have been shown to be 
extracted by the TRUEX process solvent. If the TRUs must be separated from 
uranium and thorium, these two elements could be removed by extraction with 
tributyl phosphate (TBP} before extracting the TRUs with CMPO. Although much 
more extraction data are required for bismuth, preliminary extraction data 
suggest that the TRUs could be pref~rentially stripped, thus effecting a 
TRU/bismuth separation. The need to separate bismuth from the TRUs will 
depend on the impact that bismuth has on the HLW glass. 

A fourth uncertainty is how well the TRUEX process will behave under 
continuous counter-current conditions. Plans are being.made for procurement 
of the equipment needed for such testing with actual Hanford Site tank wastes. 

A fifth uncertainty with TRUEX is the effects of solvent degradation. 
More detailed· studies are needed concerning identifying the degradation 
products ~nd the optimal method for removing them from.the solvent. 

A flowsheet has recently been proposed 1or pietre~ting NCRW sludge that 
should meet the overall objectives of separating the TRUs from the bulk sludge 
components (including uranium}, and not introduce additional glass-limiting 
components into the HLW stream (Lumetta and Swanson 1993b). Although this 
flowsheet is proposed for pretreating NCRW sludge, it can be easily modified 
te pretreat other tank sludges. This flowsheet involves the following steps: 
(1) sludge washing to remove water-soluble components, (2) dissolution of the 
sludge in HN03 (plus HF in the case of NCRW}}, (3) extraction of uranium from 
the dissolved sludge solution with TBP, and (4) extraction of TRUs with CMPO. 
The flowsheet involves reduction of plutonium(IV) to plutonium(III) before the 
(TBP} cycle, so that plutonium is not coextracted with uranium in that cycle. 
Because the plutonium is primarily in the +3 oxidation state during the CMPO 
cycle, it can be stripped {along with americium) wit~ dilute HN03 • 

A polishing strip with oxalic acid would remove any plutonium that was 
oxidized to plutonium(IV) during the extraction and scrub steps. Laboratory 
tests of this flowshe~t will be conducted in FY 1993 with actual NCRW sludge. 
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Workers at ANL have recently suggested that 
2,3,4,5-tetrahydro-furantetra-carboxylic acid (THFTCA) could be used to strip 
the TRUs from the TRUEX process solvent,.without stripping Uranium at the same 
time. Thus, the Uranium could be separated .from the TRUs without using a TBP 
extraction cycle. However, results obtained with THFTCA by workers at PNL 
have not been as encouraging as those obtained by workers at·ANL. This may be 
caused by differences in this material from lot to lot. Further development 
work is needed on this and other potential stripping agents to gain confidence 
that they will selectively str_ip TRUs from the TRUEX process _solvent. 

To date, no continuous counter~current tests of the TRUEX process have 
been performed using actual Hanford Site tank wastes. Small-scale tests 
(-150 L processed) on laboratory wastes have been conducted at ANL 
(Chamberlain et al. 1992) and on high-level liquid waste derived from the 
raffinate from PUREX processing of reactor fuel (Ozawa et al. 1992). Both of 
these tests gave promi s.i ng results. 

Remaining Taslcs. Completion of the following tasks will close this 
issue. 

• Design solvent extraction process flowsheets for each basic type of 
tank sludge to be processed. 

• Conduct laboratory-scale solvent extraction tests for all TRU tank 
sludges using actual waste. 

• Develop method to analyze for solvent degradation products. 

• Design and install cold and hot bench-scale continuous 
counter-current solvent extraction unit. 

• Conduct bench-scale continuous counter-current solvent extraction 
tests for representative TRU tank sludges using actual waste. 

• Design and install solveht extraction pilot plant. 

• Conduct pilot-scale solvent extraction tests for representative TRU 
tank sludges using actual waste. 

Schedule Requirements/Milestone Table. The key milestones associated 
with the development of the solvent extraction process are· listed in 
Table 4-7. The milestones shown are those that can be clearly defined at this 
time. Additional milestones will likely be added in the future. 

4.1.1.8 Strontium Removal by Solvent Extraction 

Statement of Issue. Strontium-90 is present in many of the Hanford Site 
tank sludges. Separation of this radioisotope from the nonradioactive 
constituents of the wastes is required to produce a LLW disposal form because 
this would lower the radiological hazard associated with the LLW form. 
Because the sludges will be dissolved in acid for TRU separation processes 
~see Sections 4.1.1.6 and 4.1.1.7), technologies are needed to extract the 

0sr from acid solution. · 
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Table 4-7. TRU Removal Milestones. 

Milestone Completion date Milestone description 

1 03/93 Issue status report on NCRW TRUEX 
development. 

2 03/93 Issue test plan for NCRW TRUEX design 
basis. 

3 03/93 Issue functions and requirements for 
bench-scale hot continuous solvent 
extraction unit. 

4 06/93 Complete NCRW TRUEX design basis 
experiment. 

5 08/93 Issue update of PFP TRUEX flowsheet. 

6 09/93 Issue preliminary design of hot 
bench-scale solvent extraction unit. 

7 03/94 Complete installation of cold bench-scale 
solvent extraction unit. 

8 09/94 Complete laboratory-scale testing with 
FY 1992 and FY 1993 cores. 

9 09/95 Select primary TRU removal process. 

10 09/95 Complete laboratory-scale testing with 
FY 1994 cores. 

11 03/96 Complete installation of hot solvent 
extraction bench-scale solvent extraction 
unit. 

12 09/96 Complete laboratory-scale testing with 
FY 1995 cores. 

13 09/97 Complete laboratory-scale testing with 
FY 1996 cores. 

14 09/98 Complete laboratory-scale testing with 
FY 1997 cores . 

. , 

15 09/99 Make decision on contractor type. 

16 09/99 Complete laboratory-scale testing with 
FY 1998 cores. 

17 09/00 Complete laboratory-scale testing with 
FY 1999 cores. 

~ 

NCRW = Neutralized cladding removal waste. 
PFP = Plutonium Finishing Plant. 
TRU = Transuranic. . 

TRUEX= Transuranic extraction. 
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Scope. The baseline process being consjdered for extracting strontium 
from acid-dissolved-sludge solutions is the strontium extraction (SREX) 
process (Horwitz, Dietz, and Fisher 1991). In this process, strontium is 
extracted from HNO3 solutions using a solution of • 
di-t-butylcyclohexano-18-crown-6 (DtBC18C6) in 1-octanol. Consideration will 
also be given to the combined TRU/SREX ·process being developed at ANL 
(Horwitz, Dietz, Rogers, and Chamberlain 1992). The development of the 
SREX process will involve laboratory studies, bench-scale continuous 
counter-current tests, and pilot-plant .tests. 

The scope of the SREX laboratory studies will include: (1) preliminary 
batch contacts of actual dissolved sludge solutions with the SREX process 
solvent, (2) design of SREX process flowsheets for individual waste streams, 
and (3) testing of these flowsheets using batch co~tacts. The process 
flowsheets will then be demonstrated using bench-scale continuous 
counter-current solvent extraction equipment.· Shakedown tests of the process 
flowsheets will be conducted using simulated waste (on a cold bench-scale 
solvent extraction unit); then tests will be done using actual wastes (on a 
hot· bench-scale solvent extraction unit). It is expected that these 
bench-scale tests will be done on 1- to 25-L portions of waste. The 
bench-scale tests will focus primarily on process chemistry, but some 
engineering information will also be obtained. The pilot-plant tests will be 
designed to address both process chemistry and process engineering. It is 
expected that the pilot plant will be capable of processing 30 L of waste per 
hour. Again, shakedown tests will be conducted with simulated waste before 
tests with actual waste are done. · 

Status. Development of the SREX process is beginning. Initial work 
conducted by ANL indicates that this process is very promising for extracting 
strontium from dissolved tank sludges (Horwitz, Dietz, and Fisher 1991), but 
considerably more parametric data ne~d to be collected to better define the 
operability of the process .. An initial test of the SREX process with actual 
dissolved Hanford Site tank wastes resulted in a decontamination factor of 250 
for strontium (Lumetta et al. 1993b). 

The combined TRU/strontium extraction process being developed at ANL is 
still in an embryonic stage. Final formulation of the process solvent has not 
yet been achieved. 

. . 
Remaining Tasks. Completion of the following tasks will close this 

issue. 

• Confirm a reliable source for. 
cis-syn-cis-di-t-butylcyclo-hexano-18-crown-6. 

• Finalize formulation of the combined TRU/SREX solvent. 

• Design SREX (~r combined TRU/SREX) process flowsheets for each tank 
sludge to be processed. · 

• Conduct laboratory-scale SREX (or combined TRU/SREX) tests for each 
tank sludge to be processed. 
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• Develop methods to analyze for solvent degradation products. 

• Conduct hydrolytic and radiolytic degradation studies. 

• Design and install cold and hot bench-scale continuous 
counter-current solvent extraction unit. 

• Perform bench-sea le c·ont i nuous counter-current SREX ( or combined 
TRU/SREX} tests for representative tank sludges using actual waste~ 

• Design and install SREX pilot plant. 

• Perform pilot-scale SREX (or combined TRU/SREX) tests for 
representative tank sludges usi~g actual waste. 

Schedule Requirements/Milestone Table. The key milestones associated 
with the development of the SREX process are listed in Table 4-8. · The 
milestones shown are those that can be clearly defined at this time. 
Additional milestones will likely be added in the future. 

4.1.2 Pretreatment System Enhancements 

The following functions have been proposed as enhancements to the 
reference system that reduce the volume of HLW, reduce the volume and improve 
the type of low-level wastes generated, and improve the type of secondary 
wastes generated. The proposed technology development programs would provide 
bases for making final decisipns on process deployment. 

Table 4-8. Strontium Removal Milestones. 

Milestone Completion date Milestone description 

1 09/94 Complete laboratory~scale testing with 
FY 1992 and FY 1993 cores 

2 09/95 Complete laboratory-scale testing with 
FY 1994 cores 

3 09/96 Complete laboratory-scale testing with 
FY 1995 cores ., 

4 09/97 Complete laboratory-scale testing with 
FY 1996 cores 

5 09/98 Complete laboratory-~cale testing with 
FY .1997 cores 

6 09/99 Complete laboratory-scale testing with 
FY 1998 cores· 

7 09/00 Complete laboratory-scale testing with 
· FY 1999 cores 
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4. 1. 2 .· 1 Al tern ate TRU Removal 

Statement of Issue. System studies have indicated that the overall cost 
of disposal of the Hanford Site tank wastes can be reduced by implementing 
advanced pretreatment processes. The key element of this partitioning scheme 
is the separation of the TRUs from the bulk sludge components. As was 
discussed in Section 4.1.1.7, the baseline process for achieving this 
separation is the TRUEX process. The biggest uncertainty regarding TRUEX is 
the variability in feed. That is, there may be certain waste types that are 
not amenable to pretreatment using the TRUEX process. lndeedl as further 
development work is- performed, it may become apparent that TRUEX is not the 
best choice for the TRU separation process. Thus, the development of 
alternative and backup TRU removal technologies as a backup to TRUEX is 
desirable. 

Scope. The development of alternative solvent extraction processes for 
TRU removal will involve laboratory studies, bench-scale·continuous 
counter-current tests, and pilot-plant tests. 

The scope of the solvent extraction laboratory studies will include the 
following: 

• Identifying potential extractants 

• Defining .the extraction systems by measuring distribution 
coefficients for the various sludge constituents 

• Choosing the most promising alternative extractant 

• Making preliminary batch contacts of actual dissolved sludge 
solutions with the candidate extractant 

• Designing process flowsheets for individual waste streams 

• Testing these flowsheets using batch contacts. The process 
flowsheets ~ill then be demonstrated using bench-scale continuous 
counter-current solvent extraction equipment. Shakedown tests of 
the procest flowsheets•will be conducted using simulated waste (on a 
cold bench-scale solvent extraction unit); then tests will be done 
using actual wastes (on a hot bench-scale solvent extraction unit). 
It is expected that these bench-scale tests will be done on 1- to 
25-L portions of waste. The bench-scale tests will focus primarily 
on process chemistry, but some engineering information will also be 
obtained. The pilot-plant tests will be designed to address both 
process chemistry and process engineering. It is expected that the 
pilot plant will be capable of processing 30 L of waste per hour. 

, Again, shakedown tests will be conducted with simulated waste before 
tests with actual waste are done. 

Status. A recent review of TRU extraction technology has revealed only 
two strong alternative extractants for pretreating Hanford Site tank wastes 
(Orme 1992). These are dihexyl-N~N-diethylcarbamoylmethyl phosphbnate (CMP) 
and tetraal'kylmalonamides. 
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The process of using CMP to extract TRUs has been known for approximately 
20 years. A systematic study of phosphoryl carbamoyl extractants revealed 
that phosphine oxides were superior over phosphonates as TRU extractants 
(Kalina et al. 1981 and Horwitz et al. 1982). Thus, CMPC was chosen over CMP 
for the TRUEX process. However, it was recently suggested that CMP may hold 
some advantages over CMPC (Marsh and Yarbro 1988). A study is currently 
(FY 1993) underway at PNL to assess the use of CMP in pretreating Hanford Site 
tank wastes. 

The tetraalkylmalonamides extractants are under development in France 
(Cuillerdier, Musikas, and Nigond 1993). These reagents show some promise, 
but the development of these extractants is just beginning. Indeed, the 
French workers have not yet made a final decision on which 
tetraalkylmalon-amide is the best extractant. Potential problems with these 
extractants include high rates of hydrolytic degradation and the need for high 
nitrate content in the solvent extraction feed. A study is currently 
(FY 1993) underway at PNL to assess the use of tetraalkylmalonamides in 
pretreating Hanford Site tank wastes. The tetraalkylmalonamides to be used in 
this study will be provided by workers at Los Alamos National Laboratory 
(LANL). · 

Remaining Tasks. Completion of the following tasks will close this 
issue. 

• Conduct laboratory testing of CMP using tank waste simulants. 

• Compile CMP extraction data for all sludge constituents. 

0 Design CMP flowsheets for each individual waste type. 

• Conduct laboratory tests of CMP TRU extraction fl owsheets for a 11 
TRU tank sludges using actual waste. 

• Screen tetraalkylmalonamide extractants. 

• Choose best tetraalkylmalonamide extractant. 

• Compile extraction data for all sludge constituents using the 
tetraalkylmalonamide extractant. 

• Design flowsheets for the extraction of TRUs with the 
tetraalkylmalonamide extractant. 

• Conduct laboratory testing on the tetraalkylmalonamide extractant 
using tank waste simulants. 

• Conduct laboratory testing on the tetraalkylmalonamide extractant 
using actual tank waste. 

• Choose alternative extractant. 

• Conduct bench-scale continuous counter-current tests of alternative 
TRU extraction flowsheets for representative TRU tank sludges using 
actual waste. 
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• Conduct pilot-scale tests of alternative TRU extraction flowshe~ts 
for representative TRU tank sludges using actual waste. 

Schedule Requirements/Milestone Table.· The key milestones associated 
with the devel~pment of alternate TRU removal proceis are listed in Table 4-9. 
The milestones shown are those that can be clearly defined at this point in 
time. Additional milestones will likely be.added in the future. 

Table 4-9 Alternate TRU Removal Milestones . . 
Milestone · Completion date Milestone description 

I 09/94 Complete compilation of CMP extraction 
data. 

2 09/93 Compl~te initial screening of 
tetraalkylmalonamides. 

3 09/93 Choose tetraalkylmalonamide for further 
study. 

4 03/95 Complete compilation of tetraalkylamide 
extraction data. 

5 12/93 Complete CMP test with one actual tank 
waste. 

6 09/94 Complete tetraalkylamide test with one 
actual tank waste. 

7 09/95 Choose alternate extractant. 

CMP = Dihexyl-N, N-diethylcarbamoylmethyl phosphonate. 

4.1.2.2 Strontium and TRU Removal on Basic Side 

Statement of Issue. Strontium and T~U components are ~ot generally very 
soluble in alkaline wastes unless complexants are present. Destruction of 
these complexants should solve much of the problem with strontium and TRU 
components in the alkaline waste. However, if the treatment goals outlined in 
the CLEAN option are adopted, strontium and TRU may ha~e to be removed from 
alkaline wastes and sludge waste waters. Selective le~ching of TRU components 
may also generate neutral to alkaline solutions containing significant amounts 
of TRU components and may require additional treatment. 

Scope. The scope of this task will include (1) batch contacts with 
actual sludge wash solutions, ·(2) development of process flowsheets, and 
(3) testing of the flowsheets using batch contacts. If an ion exchange method 
or a precipitation method proves to be a viable technology, laboratory-scale 
testing will be performed with simulated wash solutions. If a solvent 
extraction process is identified, bench-scale testing with actual wastes will 
be performed using continuous counter-current solvent extraction. 
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Status. The number of possible techniques for the basic side removal has 
been identified (Orth and Kurath 1993 and Kolaric 1991). Precipitation 
methods are the most promising of the processes identified. These 
precipitation method processes include the use of sodium titanate, ferric 
hydroxide, titanium hydroxide, and calcium phosphate as the precipitating 
agent. The use of ion exchange has also shown promise. Some of the ion 
exchangers that have been identified are sodium titanate, titanium-coated 
zeolites, and crystalline silica titanates. Some evidence shows that some of 
the solvent extraction techniques (such as the dicarbolides) may work on the 
basic side. 

Remaining Tasks. Completion of the followjng tasks will close this 
issue. 

• Complete literature review and technology assessment for the 
separation of TRUs and strontium from basic media. 

• Conduct laboratory.screening tests (batch contacts with simulants 
and actual wastes). 

• Complete assessment of screening studies and recommend process or 
processes for additional development. 

• Conduct laboratory-scale processing experiments with simulants and 
actual wastes. · 

• Decide on further effort on basic side processes for the removal of 
TRUs and strontium. 

Schedule Requirements/Milestone Table. The key milestones associated 
with strontium and TRU removal are listed in Table 4-10. 

4. 1.2.3 Cesium Removal on Acid Side 

Statement of Issue. Much of the cesium in the tank waste is expected to 
be-soluble and will be removed from the sludge during the alkaline sludge 
washing step. However it appears that significant amounts of cesium ~ill 
remain in the sludge and: will be aci~ified with the sludge for··proce~sing. 
Much of this cesium will have to- be removed if it is determined that the LLW 
form must meet the Class A LLW criteria. 

" ., 

Scope. The scope of this task includes the.(l) batch contacts with 
actual dissolved sludge solutions~ (2) developing process flowsneets and 
(3) testing the flowsheets using batch contacts. The process flowsheets will 
then be demonstrated with laboratory-scale equipment. If a sol vent extraction 
process is the chosen technology, a bench-scale test will be performed with 
continuous counter-current solvent extraction equipment using actual wastes. 
If a precipit~tion method or an ion exchange method is chosen, 
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Table 4-10. Strontium and TRU Removal on Basic Side. 

Milestone Completion date Milestone description 

1 09/93 Complete laboratory 
studies of radionuclide 
.removal. 

2 04/94 Design alkaline 
supernatant polishing 
process for strontium 
and TRU removal. 

3 05/97 Design and fabricate 
CPU for alkaline 
strontium and TRU 
removal. 

4 12/97 Complete radioactive 
testing of alkaline 
polishing in CPU. 

CPU= Compact processing unit. 
TRU = Transuranic. 

l aboratory-sca 1 e testing will be performed with waste s i_mul ants (assuming the 
acidified sludge can be adequately characterized and waste simulants 
developed), then with actual wastes. 

Status. The processes to re~ove cesium from ac1dified tank waste sludges 
is relatively undeveloped. While numerous technologies have been examined to 
remove cesium from acidic waste, few have focused on actual acidified sludges. 
Experiments were performed on various cesium removal technologies as part of a 
CC waste exploratory study (Lumetta et al. 1993a). These were performed under 
limited conditions and focused on few technologies. Of these tests, only 
precipitation with sodium phosphotungstate showed much promise. Additionally, 
the removal of cesium from acidic waste has not been scaled up. Only sodium 
phosphotungstate to recover cesium from PUREX process HLW has been studied on 
a large-scale at the Hanford Site. 

Remaining Tasks. Completion o~_ the following tasks will close this 
issue. 

• Complete literature review and technical assessment qf technologies 
for the separation of cesium from acidic media.· 

• Conduct laboratory screening tests (batch contacts with simulant and 
actual wastes). 

• Devel op preliminary fl owsheets for each separation technology. 

•·Complete assessment of screening studies and recommend process or 
process(es) for additional development. 
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• Conduct laboratory-scale continuous processing experiments with 
simulant and actual waste 

• Develop a preliminary flowsheet. 

•·Conduct pilot-scale continuous processing experiments with simulant 
and actual waste. 

• Develop a final optimized flowsheet. 

Schedule Requirements/Milestone Table. The key milestones associated 
with·cesium removal (acid side) are listed in Table 4-11. The milestones 
shown are those that can be clearly defined at this point in time. Additional 
milestones will likely be added in the future. 

Table 4-11. Cesium Removal (Acid Side) Milestones. 

Milestone Completion date Milestone description 

1 07/93 Issue report on literature review and 
technoloqy assessment. 

2 09/93 Complete laboratory screening studies. 

3 09/94 Complete experimental and engineering 
assessment. 

4 09/95 Complete laboratory-scale testing. 

5 09/95 Issue preliminary flowsheet, 

6 03/97 Compete pilot-scale testing. 

7 03/97 Issue final flowsheet. 

4.1.2.4 Convert/Remove N;trates 

Statement of Issue. Nitrate is regulated as a toxic anion and may 
require destruction or removal from tank wastes to meet requirements for LLW 
disposal. Nitrate has a limit of 10 ppm in drinking water. The tank waste 
contains over 80,000 metric tons of nitrate.· Currently, the majority of ~ 
nitrates are expected to be disposed of in grout as LLW. The effect of 
nitrate on grout performance with respect to stability and leachability is 
being evaluated using laboratory testing and performance assessments. If 
these studies determine that nitrate is creating unacceptable risk, nitrate 
conversion or separation from the tank waste will be required. 

Work Scope. The ongoing laboratory studies and performance assessments 
will be monitored and evaluated. If the studies determine that nitrate 
conversion/removal is required, the criteria for nitrate conversion/removal 
will be determined and a demonstration program established. Candidate 
destruction technologi~s to be considered include thermochemical, thermal, 
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electrochemical, and catalytic. Prissible separation technologies include 
anion exchange, liquidalysis, membrane separations, and ~rystallization. 

Status. Laboratory grout performance studies and performance assessments 
are ongoing and will be used to determine the necessity of nitrate 
conversion/removal. 

Remaining Tasks and Schedule Requirements/Milestone Table. The remaining 
tasks are indicated as deliverables in milestone Table 4-12. 

Table 4-12. Nitrate Removal Milestones. 

Milestone Completion date Milestone description 

1 9/93 Complete grout performance 
laboratory studies and 
performance assessments. 

2 4/94 Determine criteria for 
nitrate conversion/removal. 

3 5/94 Initiate program for 
demonstrating nitrate 
conversion/removal using or 
adapting commercially 
available technology. 

4.1.2.5 Iodine Removal. 

Statement of Issue. There is an estimated 30 kg of 1291 in the liquid 
and salt cake stored in Hanford Site SSTs; at a concentration of 
0.00006 nCi/g. Because of the long half-life of 1291 (17 million years}, the 
mobility of soluble iodine species through the Hanford Site soil, and the 
inability of currently planned near~surface disposal options (grout) to 
immobilize 1291 when exposed to environmental conditions, a method might be 
needed to remove and concentrate radioiodine from the alkaline aqueous wastes 
stored at the Hanford Site, and possibly from aqueous wastes stored at other 
DOE sites. Such removal and concentratiori will _also require development of a 
suitable waste form and strategy betause no immobilization form currently 
exists. · · ¥ 

Scope . . No method has been identified or developed for separating 
radioiodine from alkaline aqueous wastes stored at the Hanford Site or at 
other DOE sites, nor has a technology or strategy been developed that will 
ensure long-term disposal of the 1291. The objective of this work, if it is 
determined that the iodine will require removal from the waste, would be to 
develop technologies fo~ (1) sepijrating radioiodine from alkaline aqueous 
wastes stored in undeiground radioactive waste storage tanks, and 
(2) alternative waste forms for long-term disposal of the resulting 129 1 
waste. The initial emphasis will be on anionic exchange resins and silver 
zeolites to recover and concentrate from the waste sup~rnates. Other 
techniques to be investigated would include precipitation of insoluble iodine 
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species, such as silver iodide. A literature survey would be performed to 
identify other candidate technologies. To. develop an immobilization form, 
previous technologies preparing a waste form (silver iodide or other 
low-solubility iodides or iodates in cement or iodine immobilized in socialite) 
would be evaluated. 

Status. Currently, no technology development activities are being 
conducted for this function. Additional analysis is required to determine 
whether iodine in the tank wast~s will require removal. Historically, some 
work has been done on separation and immobilization of radioiodine. This work 
would form the foundation for future technology development work, if required. 

Remaining Tasks. Completion of the following tasks will close this 
issue. 

• Perform screening studies for candidate separation methods. 

• Verify separation methods with synthetic and actual wastes. 

• Evaluate options for ~isposal forms. 

• Prepare waste forms and complete durability tests. 

Schedule Requirements/Milestone Table. Table 4-13 presents the key 
milestones associated with iodine removal and immobilization. 

4.1.2.6 Technetium Removal. 

Statement of Issue. Technetium is one of the major contributors to 
long-term risk associated with the disposal of LLW in grout'. This is a result 
of its relatively long half-life (213,000 years) and relatively high mobility. 
To meet the Class A limit for technetium in grout, a de~ontamination 
factor (DF) of :::s 1. Sis required for DST waste. Tech'net i um removal from SST 
waste is not required. However, as low as reasonably achievable (ALARA) 
limits may require a total technetium'DF of 100. · 

Scope. Separations processes are required for caustic and acidic 
conditions because both soluble and insoluble technetium are expected. 
Potential processes to be investigat~d include anion exchange, solvent 
extraction, water-soluble chelating polymers (WSCP), and electrochemical 
methods. Initial experiments will be conducted with laboratory batch contacts 
to define key parameters and develop rough flowsheets. A technology 
assessment will be conducted in parallel with the laboratory worK and will 
define the treatment requirements for technetium removal from both acidic and 
alkaline waste strqams. This technology assessment will provide 
recommendations on further development needs for the processes. If .a solvent 
extraction process is the chosen technology, a bench-scale test will be 
performed with continuous counter-current solvent extraction equipment. Other 
technologies that may be chosen will be demonstrated with laboratory-scale 
equipment. · 
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Table 4-13. Iodine Removal Milestones. 

Milestone Completion date Milestone description 

1 03/94 Identify disposal and isolation 
strategies/deliver report. 

2 06/94 Evaluate options for disposal 
forms/deliver report. 

3 05/95 Verify separation methods using actual 
waste/deliver report. 

4 06/95 Perform screening study to identify 
disposal forms based on physical and 
chemical tests/deliver report. 

5 11/95 Perform screening studies for candidate 
separation methods/deliver report. 

6 02/96 Screen disposal forms identified for 
wastes produced from developed 
separations methods/deliver report. 

7 02/96 Perform small-scale process tests using 
synthetics/deliver report. 

8 08/96 Perform first set long-term durability 
tests/deliver report. 

9 10/96 Verify sma 11-sca le performance using 
actual wastes/deliver report. 

10 06/97 Performed long-term durability tests for 
separations methods disposal forms/ 
deliver report. 

11 11/97 Determtne scaled performance of large 
batch of material/deliver report. 

12 11/97 Issue final report on disposal form and 
strategies. 

Status. A number of separations technologies have been investigated for 
removing technetium from acidic and alkaline media. Technologies investigated 
include solvent extraction, anion exchange, and electrolytic deposition. Much 
of the work has been directed at separation of technetium(VII) from acidic 
high-level waste (Kolarik 1991). 

Laboratory batch contacts were conducted with simulant and actual 
CC waste (Lumetta et al. 1993a). Technetium distribution coefficients were 
measured for the TRUEX process and tetraalkylammonium salts using 
cyclohexanone or 1-0ctanol as diluents. 
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Remaining Tasks. 

• Determine the grout disposal criteria for Tco4• so that the 
separation requirements can be defined. 

Remaining Tasks for Anion Exchange. 

• Assess available anion exchange resins for applicability to the 
treatment of Hanford Site tank wastes. 

• Determine the adsorption ·Kd 1 s and isotherms for Tco4· using 
recommended resins. 

• Determine the stability of the resins to heat and radiation. 

• ·Determine the elution behavior of Tc04-. 

• Investigate resin performance with simulants and actual tank wastes. 

• Investigate methods for acid recycle for the nitric acid eluant. 

• Explore alternatives to elution with nitric acid (e.g., reaction 
with hydroxide to destroy the anionic site, low-temperature ashing, 
reductive eluants.) 

• Develop flowsheets for the treatment of alkaline supernates and 
TRUEX raffinates. 

Remaining Tasks for Solvent Extraction. 

• Determine extraction Kd 1 s for Tco4·, into Aliquot 336, TRUEX, and 
other promising solvents. 

• Assess solvent formulations and recommend one for scaleup. 

• _Investigate technetium·stripping behavi~r 

• Test with Hanford Site waste simulants. 

Remaining Tasks for Water Soluble Chelating Polymers. 

• Synthesize WSCP functionalized with quaternary nitrogen pendant. 

• Determine batth extracticin .Kd's using waste simulants. 

• Assess stability of polymer to radiolysis, caustic, and ·acidic 
environments. 

Remaining Tasks for Electrochemical Methods. 

• Conduct bench-scale testing with Hanford Site waste simulants to 
obtain data on key parameters. 
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• Complete technology evaluation to recommend process for technetium 
removal. This involves developing preliminary flowsheets and 
identifying key issues. 

• Conduct laboratory-scale process testing of recommended process. 

• Conduct pilot-scale testing of recommended process. 

Schedule Requirements/Milestone Table. Table 4-14 presents the key 
milestones associated with the technetium removal function. 

Table 4-14. Technetium Removal Miles~on~s. 

Milestone Completion date Milest6ne de~cription 

1 02/94 Evaluate technetium removal processes. 

2 02/94 Complete behch-scale testing. 

3 02/94 Provide evaluation report on bench-scale 
testing; decide recommended technology. 

4 . 04/95 Design/construct laboratory-scale 
technetium removal system. 

5 04/96 Complete laboratory-scale testing. 

6 04/98 Design and construct pilot-scale 
technetium removal system. 

7 04/99 Complete pilot-scale testing. 

4.1.2.7 LLW Organic Destruction 

Statement of Issue. The 1PM is designed to process the safety tanks, 
including organic safety tanks. Other tanks that will not be processed by 
the 1PM may require the organics be destroyed before further processing or 
disposal. For example, complexants may be destroyed to precipitate complexed 
and soluble radionuclides or future feed pretreatment may require organic 
destruction in acids. These tanks may have different organic constituents and 
destruction criteria than the 1PM, and alternative organic destruction 
technologies may be more effective with respect to cost·or schedule. 

Scope. The overall requirements for organic destruction will be 
determined. and compared to the requirements for the 1PM. Organic destruction 
requirements that are outside the sctipe of the 1PM will be further refined and 
performance criteria established.· Organic destruction technologies will be 
developed to meet the performance criteria and may include adapting IPM 
organic destruction technologies or developing new technologies. For example, 
an IPM-develop~d technology may only be required to convert organics to 
oxalate, but could be further ·developed to convert the organic material to 
carbonate. Less mature but more effective technologies could be developed 
with the extended deployment schedule. Possible LLW organic destruction 
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technologies include thermal, chemical, electroprocesses, ultraviolet, and 
catalytic. 

Status. Many applicable organic destruction technologies are being 
evaluated in laboratory studies. When organic destruction criteria and 
technology have been selected for the 1PM, the technologies not se·1 ected wi 11 
be further evaluated with respect to the LLW organic destruction criteria. 

Remaining Tasks. Completion o~ the following tasks will close this 
issue. 

• Continue laboratory evaluations. 
• Select technologies for development. 

Schedule Requirements/Milestone Table. Table 4-15 presents the key 
milestones pertaining to the LLW brganic destruction function. Additional 
milestones will be added once processes are selected for the 1PM and their 
capabilities are known. 

a e - . ow- eve as e rgan,c es rue 10n 1 es ones. T bl 4 15 L L l W t 0 D t t· M'l t 

Milestone Completion date Milestone description 

1 01/93 Establish design requirements. 

2 03/93 Prepare and issue organic destruction 
process flowsheet. 

3 04/94 Determine LLW organic destruction 
criteria and feeds. 

4 05-09/94 Develop LLW organic destruction 
technologies. 

5 09/97 Design and install hot bench-scale 
process 

6 09/98 Complete bench-scale tests. 

LLW = Low-level waste. 

4.1.2.8 Alternate Strontium Removal - Aci.d Side 

Statement of Issue. Strontium-90 is present i.n many of the Hanford Site 
tank sludges. Separation of this radioisotope from the nonradioactive 
constituents of the wastes is desirable because this would lower the 
radiological hazard associated with the LLW form. Because the sludges will be 
dissolved in acid for TRU separation processes (see Sections 4.1.1.6 
and 4.1.1.7), technologies are needed to separate 90Sr from acid solution. 
Currently, solvent extraction is considered to be the baseline approach to 
strontium removal (see Section 4.1.1.8). In this activity, the utility of 
other separation methods will be explored. 
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Scope. A study will be conducted in- FY 1993 to identify strontium 
separation processes that have potential application in pretreating Hanford 
Site tank wastes. Laboratory tests will be conducted to evaluate the utility 
of these processes. Eventually, one or more strontium separation methods will 
be chosen for further development, which will include bench-scale tests with 
actual wastes and pilot-plant -tests, if warranted,: 

Status. Preliminary tests with extraction chromatographic materials for 
the separation of strontium from the Hanford Site tank wastes were conducted 
in FY 1992 (Lumetta et al. 1993c) .. These tests were very promising. 

Remaining Tasks. Completion of the following tasks will close this 
issue. 

• Identify strontium separation methods. 

• Conduct laboratory tests with simulated wastes. 

• Conduct laboratory tests with actual wastes. 

• Conduct hydrolytic and radiolytic degradation studies. 

•·Choose one or more alternate strontium separjtion protesses. 

• Conduct bench-scale tests with simulated wastes. 

• Conduct bench-scale tests with actual wastes. 

• Design and install pilot plant'. 

• Conduct pil at-seal e tests for representative tank sludges using 
actual waste. 

Schedule Requirements/Milestone Table. The key milestones associated 
with the development of the alternate Strontium separation process(es) are 
listed in Table 4-16. The milestones shown are those that can be clearly 
defined at this time. Additional milestones will likely be added in the 
future. ' 

4.1.3 Technology Alternatives 

4.1.3.1 Sludge Leaching, ·precipitation or Solid Sorbents 

Statement of Issue. Alternative processes and flowsheets are being 
evaluated for the treatm~nt of tarik sludges to ~rovide an intermediate-term 
process for pretreating of tank sludges while minimizing the amount of glass 
produced. Most development efforts have been directed at the recovery of 
radionuclides from acidified sludges using solvent ·extraction (i.e., TRUEX). 
While this technology appears to be feasible, it will most likely require a 
new pretreatment plant, which is .not expected to be online until after the 
year 2010. Feed for the HWVP is required shortly after startup in 
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Table 4-16. Milestones for SREX Process Development. 

Mil es tone Completion date Milestone description 

1 02/93 Identify alternative Strontium separation 
technologies 

2 09/95 Choose process for further development 

3 09/97 Complete bench-scale demonstration with 
an actual waste sample 

4 12/97 Decide if further development is 
warranted 

December 1999. While this can be provided with a sludge washing process, the 
number of glass canisters produced is expected to be relatively high. The 
processes to be investigated in this task are directed at providing feed to 
the HWVP until a new pretreatment plant is available, while minimizing the 
amount of glass produced. Processes are expected to be simple and could be 
performed in existing tanks or new tanks constructed of appropriate materials. 

Scope. This task includes developing flowsheets for sludge leaching 
processes, precipitation processes, and using solid sorbents for radionuclide 
separation. Laboratory work will be required where insufficient data are 
available to develop flowsheets. Laboratory work associated with the 
selective leaching of sludge is discussed in Section 4.1.1.4. Technology 
development of cesium removal processes from acidic media is discussed in 
Section 4.1.2.3. Technology development associated with removal of technetium 
is discussed in Section 4.1.2.6. Once processes have been selected for 
further development, laboratory- and pilot-scale testing will be performed. 

Status. Flowsheets are being developed for sludge leaching processes, 
precipitation processes, and the use of solid sorbents. Sludge leaching is 
directed at either leaching inert components such as aluminum, ~hromium, P04 , 

zirconium, and bismuth or at the leaching of radionuclides such as plutonium, 
americium, strontium, technetium, and cesium. Precipitation and solid sorbent 
methods are being examined for removing the radionuclides of interest from 
both alkaline supernatants and acidified sludges. 

Remaining Tasks. Completion of the following tasks closes this issue. 

• Complete a pretreatment systems evaluation of the alternative 
fl owsheets. 

• Identify additional experimental needs to support flowsheet 
development. 

• Identify additional components that could be leached (i.e., bismuth, 
uranium, cesium) 

• Complete bench-scale laboratory work with simulant and actual waste 
to verify assumptions made in systems evaluation. 
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• Complete testing with additional waste types to gain confidence that 
the processes are robust. 

• Update the flowsheets annually. 

• Update the pretreatment systems·evaluation annually. 

• Identify and reserve mixing and solids suspension issues. 

• Develop and test solid/liquid separation techniques. 

• Conduct laboratory-scale testing with simulant and actual wastes. 

• Conduct pilot-scale testing with simulant and actual wastes. 

Schedule Requirements/Milestone Table. Preliminary milestones for the 
development of sludge leaching, precipitation or solid sorbents are presented 
in Table-17. Additional milestones will be added after preliminary testing is 
completed. 

Table 4-17. Sludge Leaching Milestones. 

Mil es tone Completion date Milestone description 

1 02/93 Recommend processes for laboratory 
development. 

2 09/93 Complete screening te-sts. 

3 09/93 Complete initial flowsheets and 
assessment. 

4 09/94 Issue report on laboratory studies. 

5 09/94 Issue updated assessment of technologies. 

6 09/94 Decide which processes to pursue. 

4.1.3.2 Calcihing and Leaching 

Statement of Issue. This activity is being performed in conjunction with 
the calcining proce~s as developed under section 4.1.1.3, 0rganic/Ferrocyanide 
Destruction. As calcination is developed as a method for organic destruction, 
it becomes necessary to evaluate the characteristics of the remaining solids. 
This activity will investigate the water solubility and acid leachability of 
the remaining solids. 

Calcination is also proposed as an aiternate approach to pretreatment, in 
place of the acid dissolution schemes currently advocated. 
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Scop~. To investigate the chemistry of the calcine/dissolution approach 
to processing, a program of literature and laboratory studies began in 
FY 1993. following this phase, a testing program to investigate the chemistry 
of the actinides in sodium hydroxide melts and highly-alkaline solutions will 
be pursued. The proposed testing program will then proceed through laboratory 
cold and hot tests. Finally, the need for further pretreatment will be 
identified and processes selected to achieve the desired separations. 
Pretreatment studies at this point will be directed to determine the 
applicability of the aqueous-based separations methods previously explored on 
the resulting calcined solids and liquids. 

Remaining Tasks. The following tasks are needed to bring this technology 
to completion. 

• Review sodium hydroxide solution chemistry literature on solution 
composition and insoluble phases expected from dissolution of sodium 
hydroxide melt materials. 

• Identify standard dissolution kinetic tests by reviewing American 
Society for Testing and Materials or related standards. 

• Perform cold tests of sodium hydroxide melt dissolutions using 
materials prepared for calcination cold melt tests. Measure 
dissolution speed, analyze solutions and identify solid phases. 
Derive material balances. 

0 Perform dissolution test of HLW calcination products. Measure 
dissolution speed, analyze solutions and identify solid phases. 
Derive material balances. 

• Review literature on expected chemistry of the actinides (TRU) 
neptunium, plutonium, and americium in the sodium hydroxide melt and 
related solutions. Also, investigate the fate of uranium in the 
sodium hydroxide. 

• Investigate the chemistry of TRU in sodium hydroxide melt as a 
function of temperature, the electrochemical potential of the melt, 
and the concentrations of selected other components. Identify TRU 
solid phases present and determine TRU oxidation states in the melt. 

• Study the dissolution of TRU-bearing sodium hydroxide melts prepared 
in calcination tests. Determine the oxidation state and solubility 
of the TRU elements and identify solid phases. Determine the 
electrochemical potential of the solution and test possible reducing 
agents. 

Schedule Requirements/Milestone Table. The key milestones associated 
with the development of the sludge washing process are listed in Table 4-18. 
the milestones shown are those that can be clearly defined at this point in 
time. Additional milestones will likely be added in the future. 

· 4-38 



WHC-EP-0629 

Table. 4-18. Calcine/Leach Milestones. 

Milestone Completion . Mil~stone description date 

1 09/93 Report calcine solubility in reference process. 

2 09/94 Report calcine residue treatment results. 

4.1.4 CLEAN 

CLEAN is an alternative pretreatment system that applies more aggressive 
pretreatment of the tank wastes to reduce the quantity of HLW.requiring 
vitrification and the radionuclide and hazardous material content of the LLW 
product. The specific goals of the CLEAN option (Straalsund et al. 1992), 
which have been adopted to formulate an aggressive, but feasible, strategy, 

· are summarized below; 

• The radioactivity will be removed from the bulk of the waste as that 
the radionuclides in the remaining LLW will not exceed NRC Class A 
maximum allowable concentrations for shallow land burial of 
radioactive materials. 

• The maximum allowable concentrations for technetium and iodine are 
further reduced below the Class A limits to ALARA levels. 

• Additional radioactivity will be removed from the LLW where 
significant reductions can be achieved through minor modifications 
to the process scheme. 

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

• The LLW will be disposed of in a manner that complies with 
U.S. Environmental Protection Agency and Washington State 
regulations regarding hazardous wastes. 

• The radionuclides that have been removed from the bulk of the waste 
will be disposed of within about· 1,000 canisters of a borosilicate 
glass t~at meets current HWVP glass specifications. 

• Waste minimization principl~s will be used to limit the volume of 
LLW. 

Statement of Issue. The CLEAN option relies on the extrapolation of 
laboratory experience to industrial application. A committee of national 
technical experts (Straalsund, et al. 1992) agreed that the process chemistry 
for a CLEAN option is fe•sible, and identified a set of technical issues to be 
resolved before a decision is made to consider implementirig the CLEAN option. 
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The.major issues are divided into the following three categories or areas 
of significant concern. 

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

2. Key issues that, if not resolved, affect the ability of.the CLEAN 
option ~o meet its goals. 

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

The technical issues listed in Table 4-19 were then derived to serve as a 
basis for a technology development program. 

Table 4-19. Clean Option Technical Issues. 

Main issues Feasibility Key success Optimization 

Complete dissolution or accepted X 
residual 

Specific separation americium, 
strontium/barium, technetium 

X 

Variable composition X 

Resin, solvent, organic destruction X 

Neptunium chemistry-oxidation state ' X 

Recycle X 
Actual field decontamination factor X 
Backup assurance-polishers X 

Process flexibility and robustness X 

Solid/liqtiid separations X 

Process chemistry/ equipment . . X 

Secondary waste generation X 

Nitrate destruction X 

Maintenance and operability X 

The ~easibility issues ~ere dissplution of solids, act~al 
decontamination factors achievable in full-scale operating facilities, and 
liquid/solid separations. If heat generation is ignored, the amouht and 
composition of the undissolved solids with TRU content greater than LLW limits 
may determine the number of glass canisters needed to dispose of tank waste. 
Actual decontamination factors achieved by the individual processes are 
uncertain. The conditions achievable in the laboratory or pilot plants are 
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often difficult to maintain in a full-scale facility.· Reasons for this 
include cross contamination, contaminant breakthrough, and solid carryover in 
the liquid/solid separation. However, improved online instrumentation or 
sequential processing with lag storage, where decontamination of individual 
batches is verified before moving on to the next step, should eliminate many 
of these problems. 

.· . 
Scope. The CLEAN option technology development is focused primarily on 

developing the reference system and enhanced system functional needs to a 
higher level of decontamination performance. These technology needs were 
described in Sections 4.1.1 and 4.1.2. In addition, the functional needs 
described in Table 4-20 must be met to achieve th~ objectives of the CLEAN 
option. 

Table 4-.20. CLEAN Option Functional Needs. 

Waste constituent Disposition Reason(s) 

Aluminium, Barium, Iron, Grout The masses of these 
Sodium, silicates, materials are removed 
al umi nos il i cate from the HLW stream for 
(Straalsund 1992) disposal in grout. This 

' significantly reduces 
HLW canister production 
requirements. 

Nickel, light Grout .. Low solubilities of 
lanthanides, noble these materials in glass 
metals limit waste loading, 

thereby producing more 
canisters. 

Heavy lanthanides Glass Decrease radionuclide 
content of grout. 

Uranium Stockpile as uranium Useful if purified; 
oxide disposal in glass would 

result in large volumes. 
Possible release would 
present performance 
problems in grout and or 
ALARA reduction of 
radioactivity in grout. 

HLW = High-level waste 
ALARA = As low as ,:-easonably achievable. 

Status. Currently the technology needs of the CLEAN option, beyond the 
needs of the reference system and enhancements, have been identified based bh 
flowsheet analyses of pretreatment and disposal of the Hanford Site tank 
wastes. The needs associated with the CLEAN option are being examined further 
in FY 1993. Pending the results of these analyses, decisions will be needed 
regarding funding of the long-term development of technologies. 
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4.2 CROSSCUTTING OR TECHNOLOGY DEVELOPMENT SUPPORT ACTIVITIES 

4.2.1 Corrosion Support 

4. 2. 1. 1 · Carros ion Probe Development 

Statement of Issue. Proven corrosion instrumentation meets two important 
needs: (1) it can act as process control instrumentation to determine when 
the process chemistry gets out of control, and (2) it can make the practical 
connection between a material's performance 11 in the process environment" with 
the more extensive data base e~isting in the laboratory; thereby; making 
predictions possible. The effects of radiation in th~ actual working 
environment are difficult to simulate in the laboratory, but hardened 
corrosion probes can provide the connection. Other chemical-sensing 
instrumentation that can assist in the process control of the chemistry should 
be evaluated and developed. Examples are radiation-hardened pH electrodes and 
nitrate and nitrite electrodes, with pH electrode being the most important of 
the chemical. sensors. · 

Scope. Evaluation of reference electrodes in a radiation field was 
started in FY 1993. This work should be completed in FY 1994. Work should 
start on developing the process instrumentation necessary for controlling and 
acquiring the data from corrosion probes. It appears that a commercial sour~e 
for the instrumentation (Gamry Instruments) is available, but the software 
must be modified to collect the data. Probe packages have been assembled and 
tested at the Savannah River ~nd the Hanford Site, but they may need some 
modification and evaluation to fit current chemical-processing plans. Optimal 
locations in the chemical treatment plant must be identified and probe 
packages modified before being installed in those locations. Development work 
should be carried out to radiation harden chemical instrumentation that would 
be valuable in controlling the chemical processing steps. Development of a 
operative pH electrode would be the fir~t step. · · 

Status. Evalu~tion of reference electrodes in 7-radiation fields was 
started in FY 1993. 

Schedule Requirements/Milestone Table. Table 4-21 presents the 
milestones associated with corrosion support. Milestones for this work are 
shown as Subtask- 11 111 activities. 

4.2.1.2 Organic Destruction 

Statement of Issue. Organic compounds are present in some of the waste 
tanks. The organic compounds originated as complexing agents or carryover 
from the organic solvent extraction. They must be destroyed to prevent 
interference with chemical processing of the waste. Three processes are 
currently under evaluation by WHC: (1) wet oxidation at elevated 
temperatures, (2) reaction with ozone, and (3) calcining. Very little is 
known about the performance of materials when exposed to the combined 
variables of an extreme oxidizing environment and Hanford Site waste 
chemistry. Safety and reliability of the process apparatus requ·; res 
assurances that the construction materials are correctly chosen. 
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Table 4-21. Long-Term Mil es tones for Cerros ion Support. 

Milestone (by 
Corrosion Completion date Milestone description 
Subtask) 

1.1 02/94 Complete development of radiation-hard 
reference electrode. 

1.2 02/95 Complete development of corrosion probe 
electrochemical instrumentation. 

.1.3 02/96 Finish in-tank testing of corrosion probe 
and instrumentation. 

1.4 02/96 Co~pl-ete remaining hardened 
i instrumentation. 

2.1 02/96 . Complete corrosion testing supporting 
chosen process, at laboratory scale. 

2.2 02/97 Select construction material for 
pilot-scale equipment. 

2.3 02/00 Complete corrosion analysis of 
pilot-plant tests. 

3 .1 01/94 Complete first set of tests to determine 
chemistry controls consistent with safe 
washing operations. 

3.2 04/94 Complete tests to determine minimum 
inhibitor concentrations for safe 
washing. 

3.3 04/95 Test inh~bitor concentrations in 
pilot-scale washing experiments. 

4.1 04/93 Determine whether candidate alloys are 
highly susceptible to SCC/pitting. 

4.2 _04/94 Complete sensitive tests of sec 
resistance. 

4.3 04/94 Complete•first round of testing on new 
candi~ates, if fir~t series proves 
deficient. 

4.4 04/95 Complete evaluatioD of riew candidates for 
SCC and pitting. 

sec = Stress corrosion cracking._ 
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Scope. Initially, PNL will provide cognizant oversight on the 
development of the oxidation processes because it is not certain which 
processes are most viable. Later, the work will switch to corrosion testing 
in the process chemistry at PNL. 

Status. The project started in FY 1993 as an oversight program. 

Schedule Requirements/Milestone Table. The milestones for this activity 
are presented in Table 4-21 as Subtask "2~. 

4.2.1.3 Sludge Washing 

Statement of Issue. Sludge washing studies that are started in. FY 1993 
probably will not be completed until FY 1994. The studies will define the 
process chemistry in which carbon steel is either virtually immune or 
susceptible to stress-corrosion cracking, pitting, or general corrosion. In 
the interests of greatest washing efficiency, this laboratory work will 
attempt to define the boundary between corroding and benign environments and 
to specify wash-water chemistry that minimizes additives like sodium hydroxide 
and sodium nitrite. It will be important to do followup studies on tanks used 
at the pilot-scale level, to final operational status with full-scale tanks. 

Scope. As future pilot-scale testing is done using actual waste cores, 
specimens designed to be vulnerable to stress-corrosion cracking or pitting 
will be added to the container. These tests will be run using wash water of 
typical chemistry and will be monitored for indications of stress corrosion 
cracking (SCC) or pitting in this more realistic environment of changing 
chemistry during washing. An electrochemical corrosion probe will be used 
during these tests to detect these corrosion types on a nearly real-time 
basis. Initial full-scale washing operations should also be monitored in this 
manner. 

Status. Work began in February 1993 on corrosion tests that will expose 
carbon steel to a statistically designed matrix of chemical environments in 
which nitrate, nitrite, and hydroxide are varied. The work will include 
specimens to examine tendencies for sec or pitting, as well as general 
corrosion. 

Remaining Tasks. At the end of the first series of tests, the 
composition limits on nitrate, nitrite, and hydroxide are consistent with safe 
use of the carbon steel tanks for washing operations, at least roughly 
defined. Confirmatory tests to more closely define composition boundaries may 
be necessary, depending on the variability of initial results. After 
completing these confirmatory tests (if necessary), the subtask will be more 
closely connected with washing operations and pilot- and full-scale operations 
can be monitored for indications of corrosion problems. 

Schedule Requirements/Milestone Table. The milestones for this work are 
shown in Table 4-21 as Subtask "3" activities. 
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4.2.1.4 Corro·sion Testing, TRU Removal, and ·so.lvent Extraction (including 
acid dissolution) 

Statement of Issue. The combination Df nitric and hydrofluoric acids 
used for sludge dissolution is quite aggressive toward most common 

· construction materials. For example, uniform corrosion testin•g done in 
FY 1992 showed, corrosion rates of several inches per year in 304· stainless 
steel in the most aggressive solution. When tested in all four solutions, 
sev~ral less common alloys, particularly those high in chromium and nickel, 
showed rates of general corrosion that would be quite acceptable. Work 
planned for FY 1993 will determine whether these alloys will be susceptible to 
corrosion mechanisms such as pitting or sec, behavior which would probably 
eliminate them from contention. This work sh.ould be completed by early 
FY 1994. 

The next stage of this work depends highly on the results produced in the 
next two years. If, fof instance, a reasonably available alloy is immune to 
SCC and pitting in typical solutions, the next stage would be to evaluate 
pilot-scale hardware; such as centrifugal contractors, for any 
erosion-corrosion problems or corrosion at welds. -On the other hand, if all 
alloys being considered fail the second round of testing, a new suite of 
materials would have to be chosen and the evaluation process would conti.nue. 
This second scenario is unlikely but possible. 

Scope. The work planned beyond FY 1994 would be a natural outgrowth of 
that presently being done. It would include all necessary corrosion 
evaluations to ensure that candidate alloys would survive the planned 
operations, which include intense mixing and changes in solution chemistry, 
for at least several years. · 

Status. The first round of screening tests is complete. Results 
revealed marked differences in the uniform. corrosion behavior of the several 
candidate alloys tested. 

Remaining Tasks. Testing will resume early in FY 1993 with evaluation of 
SCC or pitting tendencies in the alloys surviving the uniform corrosion tests. 
The new tests will use the same series of prototypic solutions used in the 
previous work. By the end of FY 1993, we should know whether the alloys are · 
extremely susceptible to either of these two mechanisms. Assuming that one or 
more alloys survive this .round of testing, a possibility remains that sec 
could occur with a long in~ubation period. To check this, it would be prudent 
to test a bolt-loaded WOL (wedge-opening load), which is designed to incubate 
a crack promptly and yield a value for the critical stress-intensity factor in 
the environment. This information is very useful in design. WOL specimens 
were left out of the first round of testing because 6f their expense . 

. Schedule Requirements/Milestone Table. To interface with the rest of the 
schedule for pretreatment, the construction material for tankage, pipes, and 
other hardware for this part of the processing should be made by 1996. This 
task is planned to provide the necessary information to make that choice. 
Milestones are shown in Table.4~21 as Subtask "4"• activities. 
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4.2.1.5 General Corrosion Support 

Statement of Issue. The corrosion work planned in the TWRS Pretreatment 
Technology Development FY93 Project Work Plan, TWRSPP·-93-005 (WHC.1992), will 
be completed in FY 1994. During that time period, work done in other tasks 
will eliminate some ~f the-0ptions from the array presently under 
consideration. Although the corrosion work will serve to guide materials 
choices, it would be-naive to assume that no corrosion problems will occur 
during larger .scale trials culminating in ·full-scale operatio·ns. Despite 
well-planned and well-conducted work, the history of corrosion problems in 
full-scale, long-term operations is replete with unanticipated problems 
originating from subtle differences in. chemistry or physical_ factors not 
originally imagined to be important. 

Scope. This subtask supports the continuing involvement by PNL corrosion 
specialists in the preparations for waste pretreatment operations. Funding 
will provide for key personnel, as necessary. It is difficult to be specific 
about the nature of the support provided in this subtask, but it would most 
likel·y involve such items as suggesting less expensive alternative 
construction material and evaluating these alternatives as needed and on-call 
consultations for solutions to problems as they arise. These consultations 
will involve analyzing the problem, and defining a rationale for its solution. 

Status. This subtask will start in FY 1994 and continue for 10 years, 
which 

1
should cover most difficulties encountered as pretreatment concepts are 

brought beyond the pilot scale. 

Remaining Tasks. This subtask will begin in FY 1994, so the-work 
outlined here is all in this category. 

Schedule Requirements/Milestone Table. This subtask must be flexible to 
handle problems as they arise. Accordingly, it is not possible to define a 
schedule in any but the most general terms (as was done above) or to provide 
mil es tones. 

4.2.2 Pilot-Plant Strategy 

The hi~torical development of processes for fuel reprocessing -is used a~ 
a method of establishing the engineering approach .or pilot-plant strategy for 
process scale-up and verification of the pretreatment processes. However, the 
wide variety of waste compositions that exist in the Hanford Site tanks will 
require a more substantial effort to ensure successful pretreatment operations 
on a plant scale. Generally, engineering development method involves the 
following: 

• Laboratory-scale testing with actual and, in some cases, simulated 
radioactive wastes to verify the basic process chemistry 

·•.Pilot-scale testing with simulated wastes to verify equipment system 
performance and provide data for the engineering design · 
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• Pilot-scale radioactive testing to provide final confirmation of 
process scale-up, provide feed for waste form qualification (WFQ) 
testing of the HLW form, and meet process verification requirements 
for Resource Conservation and Recovery Act of 1976 (RCRA) 
permitting. 

The fa 11 owing paragraphs summar'i ze the basic test systems required to 
implement pretreatment processes and their primary objectives. The 
information that is to be obtained from each test system is identified in 
Table 4-22. 

NOTE: The pilot-plant strategy is presented as an approach to develop 
. pretreatment technologies. Actual deployment of pilot facilities, 
particularly radioactive facilities, will depend on the final pretreatment 
option and results of development work and needs to provide treated wastes to 
other TWRS program elements. 

Laboratory-Scale Batch Tests with Actual Wastes. The first step in 
developing a specific chemical flowsheet for the processing of a particular 
waste type is batch testing with actual waste materials. The batch testing 
will establish the basic approach to condition the wastes for pretreatment, 
determine feed stability, and establish process performance. Because of the 
large number and variety of Hanford Site wastes (~.g., NCRW, PFP waste, CC 
waste), laboratory-scale batch testing may have to be performed throughout the 

• entire tank remediation .effort. 

Laboratory-Scale Continuous Tests with Simulated Wastes. The primary 
objective of laboratory-scale testing using simulated feeds, which may contain· 
tracer levels of radionuclides, is to develop a model relationship between the 
fully radioactive laboratory-scale tracer test system and the pilot-scale 
testing system. The laboratory-scale tracer test system also confirms 
separations performance and can be used to test and evaluate specific process 
operating parameters (i.e., establishing the range of chemical operability of 
the process.) · 

Laboratory.;.scale Continuous Tests with Actual Wastes. Continuous 
laboratory-scal.e testing with actual wastes is the primary means for 
establishing the chemical flowsheet for processing of each waste type. The 
major technical information to be obtained during continuous laboratory-scale 
testing is related to the specific process chemistry of each waste type. This 
information includes waste feed preparation, feed stability, range of chemical 
operation, and separations· performarice. 

Continuous laboratory:..scale testing with actual wastes using feed volumes 
of 5 to 10 L will be conducted throughout the development, design, and 
verification 6f the pretreatment piocesses. Methodi will need to be developed 
as part of the· tank waste sampling program to retrieve large volumes of waste, 
up to 25 L, for process testing. Radi,oactive continuous testing of each 
pretreatment process may be required for each waste type.· 
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Pilot-Scale Continuous Tests with Simulated Wastes. The majority of the 
technical information needed for engineering design and verification of 
equipment performance will originate from pilot-plant testing. This testing 
will be done with a complete process system using simulated wastes. The 
majority ·of the testing on the pilot-scale systems must be completed before 
the start of the detailed design of the new pretreatment facilities. 

Depending on the specific process performance and .the validity of the 
process scale-up model, additional testing may be done at more than one scale 
of pilot testing. Also, pilot operations of specific units, such as solvent 
extraction contractors, will be completed for final equipment development and 
process confirmation. Pilot-scale testing may also involve the use of tracer 
levels of radionuclides. Nonradioactive testing of each pilot-scale process. 
system will continue until all design data are obtained, process operational 
data are established, and initial training of staff is completed. 

Pilot-Scale Continuous Tests with Actual Wastes. The primary objectives 
in the operation of a pilot-scale system using actual radioactive waste may 
include all or some of the following. 

• Verify that the process can treat the targeted wastes. 

• Provide treated waste for vitrification testing in a small-scale 
radioactive melter. 

• Provide final data on process and equipment system performance and 
thus support RCRA permitting of new pretreatment facilities and 
verification of the process performance models. 

• Support the operation of the full-scale process. 

4.2.3 Systems Engineering Studies 

Statement of Issue. The functional needs have been identified to address 
specific pretreatment needs (i.e., cesium removal). However, the effect of 
deploying a technology must be evaluated in terms of its effect on the overall 
system, which includes the following components: 

• Waste volume and composition for HWVP 
• Waste volume and composition for grout 
• Generation of secondary waste streams requiring treatment 
• Requirements and constraints imposed on the pretreatment processing 

facility (i.e., a CPU, the 1PM, or the SPM) 
• Econo~ics of the integrated system. 

These effects must be identified and evaluated before making final technology 
selections to ensure that a technology that best meets a particular functional 
need does not adversely affect operations in another part of the waste 
processing system, thus negating the benefits of the technology. Similarly, 
as a suite of technologies are identified and proposed for deployment as a 
system, they must be analyzed for their mutual compatibility and/or 
identification of operating constraints that are imposed by one process on 
another (i.e., limiting concentration of a particular species leaving one 
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process so that the next process-can meet its performance specifications). 
Failure to adequately address the effects on the overall system could result 
in deployment of technologies that create problems and adversely affect 
pretreatment system performance. _ 

Scope. The scope of this subtask is to provide in-depth systems analyses 
for·each of the technology systems (reference, enhancements, CLEAN, and 
alternatives} as candidate technologies for each functional need are 
eliminated and final decisions on technologies for deployment need to be made. 
Brief systems evaluations will also be a component of the early evaluation bf 
all candidate technologies to ensure that investments are not made in 
technologies deemed inappropriate from a systems perspective. In part, this 
was the basis for selecting and prioritizing the cand1date technologies 
currently identified for each functional need. 

Status. This subtask will be a new task beginning in FY 1994 and 
continue until final decisions have been made on technologies for deployment. 

Schedule Requirements/Milestone Table. These analyses must be completed 
as needed; milestone dates have not yet been established. 

4.2.4 Thermodynamic Modeling of Waste Tank Constituents 

Statement of Issue. The objective of this work is to develop a 
capability to predict and evaluate the performance of proposed pretreatment 
processes for Hanford Site tank wastes. Because these wastes contain a wide 
variety of constituents, predicting their chemical behavior is very difficult. 
An accurate thermodynamic model for predicting the chemistry of the tank 
wastes is needed. This model will be used as a guide in·defining and 
evaluating such operations as sludge washing, leaching, and dissolution. 

Scope. A thermodyna~ic model will be developed to predict solid-liquid 
or vapor-liqui~ equilibrium that would occur during tank waste pretreatment 
processes using existing commercial software including, but not limited to, 
ASPEN PLUS*. ASPEN PLUS contains equations to accurately model highly 
concentrated solutions (high ionic strength) and reactions with solids such as 
sludges. Because ASPEN PLUS databanks currently lack much of the data 
required to accurately simulate Hanford Site sludge and slurry systems, 
experiments on simple two- or three-component systems will be performed to 
obtain the needed thermodynamic parameters. Because of the complexity of the 
tank waste chemical system, this work will focus on the specific problems 
relevant to waste pretreatment. 

Model predictions will be cqmpared with experimental results using more 
complex mixtures, as well as with sludge dissolution tests using actual tank 
waste. The model will then be integrated into other TWRS process modeling and 
evaluation tasks. This model will be used to help guide dissolution studies 
with actual wastes. The model also is expected to significantly reduce the 
cost and time required to developed the pretreatment process and make 
pretreatment operations more effective. 

*ASPEN PLUS is a trademark of ASPEN Technology, Inc. 
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Status. A large amount of thermodynamic data that can be used to develop 
a sludge dissolution model were collected through ·a literature review (Silva, 
Felmy, and Ding 1993). Some of this information has been analyzed, 
regressed, and reduced to the form needed for input to ASPEN PLUS. Important 
gaps in the existing data were identified, and an experimental program for 
tollecting this missing informati-0n was recommended. Silica solubility 
studies and sodium nitrate/sodium nitrite isopiestic studies were conducted. 
Much more work is needed to collect data, regress .model parameters from the 
data, and validate the model before an early version of this mode1 will be 
useful for predicting sludge pretreatment performance. A model for predicting 
chemical equilibrium of supernatant and salt cake chemical equilibrium could 
be provided earlier because these wastes do not contain as many chemical 
components as sludge. 

Remaining Tasks. Completion of the following tasks will close this 
issue. 

• Conduct experiments (i.e., isopiestic, solubility) on simple two- to 
three-component systems to obtain data for thermodynamic model 
parameters. 

• Regress thermodynamic data from the literature and from ongoing 
experiments. 

• Compare thermodynami,c model predictions with experimental results 
from sludge dissolution tests or other tests designed for thii 
purpose. 

• Incorporate thermodynamic model into TWRS process and system 
engineering flowsheet development tasks. 

Schedule Requirements/Milestone Table. The key milestones associated 
with the development of the thermodynamic model are listed in Table 4-23. The 
milestones shown are those that can be clearly defined at this time. 
Additional milestones will likely be added in the future. 

Table 4-23. Thermodynamic Modeling Milestones. 

Milestone Completion Milestone description date 
1 06/94 Regress model parameters for supernatant and 

salt cake. 
2 09/96 Define acid and alkaline bulk constituent models. 
3 06/97 Regress model parameters for major sludge 

constituents. 
4 09/97 Model verification. 
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4.2.5 Characterization and Analytical Requirements 

Statement of Issue. The development of technologies for each of the 
functional needs will require extensive characteiization of samples and 

· analysis of process streams to characterize the separations performance and 
compositi~n ·of resulting waste streams: This characterization and analysis is 
essential to decision making on pretreatment technologies for deployment and 
also for determination of .the optimum operating conditions for each selected 
technology. To the extent possible, sample characterization data will. be 
obtained from the ongoing tank waste characterization program. Funding has 
been included for a number of analytical samples for all laboratory and 
pilot-scale testing for each functional need .. However, there is uncertainty 
that capability exists at the Hanford Site to provide this analytical support 
consistent with the pretreatment program schedules. It will be essential for 
the fiscal year work plans to address the number and types of analytical 
samples required and negotiate with the PNL and WHC facilities to provide 
adequate support in the timely reporting of analytical results. If this 
service can not be provided to the pretreatment program, ·then technology 
development schedules may be delayed or alternate arrangements made ( i.e., 
-0ffsite laboratories or procurement of dedicated analytical instruments for 
selected pretreatment processes). Obviously, the more extensive the 
pretreatment program is ( i.e., the more technologies to be developed), the 
greater the analytical requirements will be and the greater the impact will be 
on existing analytical capabilities: 

Scope. The scope of characterization and analytical requirements 
includes any and all testing programs conducted for all system scenarios 
(reference, enhancements, CLEAN and alternatives). Sample analysis will be 
required throughout the test program from lab-scale batch tests with waste 
simulants thru pilot-scale tests with actual wastes. 

Status. Currently, a few laboratory tests with waste simulants and 
actual wastes have been/are being conducted for different pretreatment 
technologies being evaluated. However, the scope of this analytical need is 
expected to increase dramatically as the pretreatment program matures. 

Remaining Task.s 

• Prrivide characterized waste simulants and waste samples for 
technology development testing. 

• Provide analytical support during ~nd after process testing to 
provide data on process operations. and efficiencies. 

Schedule and Costs. The schedule and costs are included in the 
milest"ones and costs established for each functional rieed. However, ensuring 
that these schedules can be met will need to be verified by coordination with 
the analytfcal facilities each year and/or as analytical requirements change. 
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4.3 SCHEDULE 

Appendix A presents a summary level pretreatment master schedule. The 
schedule is a Tri-Party Agreement c·ompl i ant schedule and assumes that r_esource 
and budget requirements are unconstrained. Included in the schedule are 
activities that are not included in the technology plan. These additional 
activities represent expected HWVP activities, pretreatment engineering 
activities, and pretreatment facility and operations activities._ The 
additional activities are presented to illustrate the time frame in which 
process design_ information will be required to support project design and 
construction activities; 

4.3.1 PROGRAM ASSUMPTIONS AND CONSTRAINTS 
AFFECTING PRETREATMENT TECHNOLOGY 
DEVELOPMENT 

The following is a summary list of assumptions and constraints used in 
developing the waste pretreatment work scope. This list ~eflecti assumptions 
documented in the FY 1993 Work Plan and other specific guidance. Additional 
detailed assu~ptions assotiated with specific tasks may have also been used. 
Additional key assumptions and constraints that will impact the planned work 
scope are expected in the new TWRS strategy. 

• The HWV~ will begin hot operatibns in December 1999~* 

• Advanced separation processes (i.e., processes beyond cesium ion 
exchange and sludge washing) are required to minimize the number of 
glass canisters produced.* 

• The avail~ble characterization and Tracks Radioactive Components 
(TRAC) data provide an adequate planning base for pretreatment 
processes. New sample data shall be available to support 
development and implementation of pretreatment processes. -

• Tank space is available to support pretreatment operations in 
accordance with the annual waste volume projections.* : . 

• In-Tank sludge washing and the IPM will provide sufficient feed for 
~t least 6 to 15 years of operation of HWVP and the Grout Facility. 

• All SST waste will be retrieved for processing and disposal. 

• There will be no change.in the NRC position on HLW. 

• Tri-Party Agreement milestones will not be accelerated. 

• The TWRS-Environmental Impact Statement (EIS) and ROD provide 
sufficient National Environmental Policy Act of 1969 (NEPA) 
documentation coverage for in-tank processing of DST wastes. 

*Assumption likely to change based on proposed TWRS new technical 
strategy. 
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The TWRS-EIS and resulting ROD shall provide NEPA documentation 
coverage for the second pretreatment module and subsequent 
pretreatment facilities, if required; The TWRS-EIS ROD shall not 
delay detailed design fo'r the SPM. ·-

• · First priority of pretreatment is safety remediation. 

• Ten to 17 tanks require safety .remediation through_ 1PM. 

• Tanks 106~C and 105-C will have early retrieval.· 

• No additional tank waste radionuclide removal will be required to 
complete the first 14 grout campaigns.* 

• WFQ feeds must be available 2 years before HWVP hot startup. 

• Pretreatment logic covers multiple pretreatment options, up to the 
"Clean" option, excluding specific elements of sludge processing 
associated with the "Clean" option. 

• The following inputs from Characterization go t'o all laboratory 
studies in pretreatment. (This is not shown in pretreatment logic 

· because it would mask underlying ties). 

- Characterization of core samples 
- Liquid and solid ~amples .from tank farm coring activities. 

• Requirements Analysis Activity for each process has inputs from the 
following: · 

- Characterization 
Retrieval 
-- dilution amount 
-- ·:tank sequence 

- HWVP waste feed specifications 
- Grout feed specifications. 

• All pretreatment laboratory testing and pilot plant operations are 
tied to Grout Formulation and Testing. The following items list 
input from Grout and the response from Pretreatment respectively. 

Grout feed specifications 
Pretreatment process capabilities· and expected product 
compositions 

• Retrieval ~ill supply small-scale solids samples (25 to 50 L) to all 
bench-scale activities. 

• ·Retrieval will supply pilot-scale solids samples (1,135 L [300 gal]) 
to all pilot~scale activiti~s. 

*Assumption likely to change based on proposed TWRS new technical 
strategy. 

4-55 



WHC-EP-0629 

• The Grout facility will fill 4 vaults per year. 

• HWVP Characteristics Report is produced out of -Pretreatment 
Technical Administration (Integration). 

• Solvent extraction processes contractor equipment development is 
included under the Cold Solvent Extraction Pilot Plant. The 
contactors equipment includes the following: 

- Centrifugal Contactors 
- Mixer Settlers 
- - Pulsed Columns. 

• Outer years of engineering analyses of solvent extraction tests of 
FYXX core samples feed SPM operations. 

• One alternate _process, with multiple functions, will be.carried 
·. forward with detailed continuous testing. 

• Intermediate process screening studies include technical evaluation 
a'nd laboratory testing. 

• Sludge wash pilot plant can be used for intermediate pr~cess 
testing. Minor modifications may be needed. 

• SPM operating strategy includes the following: 
- Feed variability 
~- Blending of pretreatment feed and products from acid side/SPM 

processes (i.e., TRU stream form TRUEX). 

• Clean option screening studies of polishing processes includes 
technetium, strontium, iodine, TRU, etc. 

• Sodium LLW form (to reduce vaults) should be investigated. Leave 
this issue to LLW group via integration team. 

• Requirements for organic destruction to meet LLW disposal 
specifications will be more stringent-than requirements for organic 
destruction (by 1PM) to resolve safety issues. 

• The required hot startup date for 1PM is December 1999. 

• To meet schedule requirements, design and construction of the 1PM is 
anticipated to occur in two phases. Phase 1 construction is 
scheduled to start before Phase 2 design will have progressed 
sufffciently to support finalization of the Preliminary Safety 
Analysis Report (PSAR) and environmental permit applications. It is 
assumed that a limited scope safety analysis will be sufficient for 
authorization of Phase l construction, to be followed by preparation 
of a comprehensive PSAR in full compliance with DOE orders, based on 
Pha~e 2 detailed design. The comprehensive PSAR will be approved 
by DOE before the start of Phase 2 construction. Similarly, it is 
assumed that the regulatory agencies will allow Phase 1 ~onstruction 
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to proceed before submittal of environmental permit applications 
that will necessarily contain Phase 2 detailed design information. 

• The first feed to the 1PM will be from tank 241-SY-SY. 

• The primary function of the 1PM will be to resolve any remaining 
safety issues after mitigation actions are complete. 

• Nitrate/nitrite destruction, although desirable, has been 
specifically excluded from 1PM criteria. 

4.4 FACILITY/CAPITAL EQUIPMENT NEEDS. 

Technology development for pretreatment activities will require 
significant facilities. These facilities will be needed at the Hanford Site 
and at other DOE sites. Facilities will be required to support expanded 
pretreatment activities to. support laboratory batch studies, continuous 
testing of pretreatment processes with actual wastes, pilot-scale testing of 
pretreatment processes with simulated and actual tank sludges, and analytical 
requirements. The facility requirements for the laboratory and analytical 
support activities are currently being developed and are not included in this 
version of the technology plan. 

Pilot facilities are expected to be required to develop necessary process 
engineering data to support pretreatment plant design, construction, and 
operations. To support pilot-scale testing with simulated wastes, it is 
projected that the WHC Chemical Engineering Laboratory will have to be doubled 
in available floor space. To support pilot-scale activities with actual 
wastes, either a new or-retrofitted facility will be required. This 
technology plan assumes that a core hot-pilot _plant facility will be· 
constructed and available by January 1998. Modular pilot units will either be 
attached to or incorporated within this hot-pilot facility for testing of 
specific processes. The modular units will be selected at a later date, but 
configuration of the modules may be compatible with either a large fixed 
facility or may be compatible with a CPU. The central facility is included in 
the pretreatment technology plan as a separate project. The individual 
modules are included as either pilot facilities under the appropriate. 
development function or as a compact processing unit. 

This technology plan does not incorporate capital construction funds for 
facilities pertaining to ·laboratory-scale testing or for analytical support 
facilities. However, it is expected and capital costs are included for online 
analytical equipment to support technology development activities. Capital 
funds are also included for the core hot-pilot facility. It is assumed that 
any pilot-scale modules and compact processing units constructed for 
development purposes will be used for 2 to 3 years, which will allow the 
module to be constructed with expense funding. Finally, the expansion for the 
Chemical Engineering Laboratory to support cold pilot-scale testing is 
expected to be a capital project~ 
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4.5 TIME-PHASED BUDGET ESTIMATES 

Budget estimates have not been included in this document. At this time 
extensive revisions are being made to the TWRS strategy in response to the 
TWRS leadership council. These revisions may significantly affect the 
pretreatment technology development strategy, time frame, and costs. Until 
the TWRS program strategy is accepted by all interested parties, including the 
DOE, the EPA, the State of Washington, the State of Oregon, the Yakima Indian 
Nation, and other interested parties, the costs for the pretreatment 
technology development program are subject to change. 

Projected costs relating to the pretreatment technology program will be 
published in the Integrated Technology Plan (DOE-RL 1993), and in the TWRS 
Multi-Year Program Plan. In addition, cost~ pertaining to pretreatment 
technology will be published in future revisions of this document. 

4.6 BREAKOUT OF WORK SCOPE BY SITE/PARTICIPANT 

Development of pretreatment technologies for use at the Hanford Site to 
treat tank wastes is a cobperative effort between the DOE programs for 
Environmental Waste Management, EM-3O, and the Office of Technology 
Development, EM-5O. The Office of Technology Development, through the 
Underground Storage Tank Integrated Demonstration and the Efficient 
Separations Processes Integrated Program, is supporting Environmental Waste 
Management by supporting research throughout the DOE complex pertaining to the 
basic and developmental research for pretreatment processes and for alternate, 
facility approaches_. Sites participating in the pretreatment technology 
program include the Hanford Site, Argonne National Laboratory, Los Alamos 
National Laboratory, Oak Ridge National Laboratory, Sandia National 
Laboratory, Savannah River Technology Center, and the West Valley Site. In 
addition, research is ongoing at a number of universities, at industrial 
participants, and at foreign sites.· 

A summary of ongoing activities at various DOE sites that support the 
TWRS Pretreatment Program is presented in Table 4-24. The total scope of work 
at sites other than the Hanford Site is increasing as knowledge of specific 
Hanford Site problems is identified. · 
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Table 4-24. Ongoing Pretreatment Technology Activities Other 
than the Hanford Site or Funded by EM-50. 

Function Description 

Cesium removal Cesiun extraction testing 

Cesiun removal Crystalline titanate development 

Crosscut Coq,act processing unit demonstration 

Crosscut Coq,rehensive sludge/supernate development, testing and 
evaluation 

Crosscut High-gradient magnetic separation 

Crosscut PFP waste processing flowsheet 

Crosscut Tank waste processing analyses 

Nitrate destruction Biological destruction of plutonium nitrate wastes 

Organic destruction Calcination/dissolution process development 

Organic destruction Hydrothermal process development 

,Organic destruction Steam reforming process development 

Radionuclide separation Cation exchange development 

Radionuclide Separation Technetium partitioning 

TRU/Strontium removal Combined TRUEX-strontium extraction recovery process 

TRU 

TRU 

removal Development of a non-phosphorus 
TRU stripping 

removal TRUEX model validation 

ANL = Argonne National Laboratory. 
INEL = Idaho National Engineering Laboratory. 
LANL = Los Alamos National Laboratory. 
ORNL = Oak Ridge National Laboratory. 

PFP = Plutoniun Finishing Plant. 
PNL = Pacific Northwest Laboratory. 
SNL = Sandia National Laboratory. 
TRU = Transuranic-

TRUEX = Transuranic extraction. 
WHC = IJestinghouse Hanford Company. 

IJSRC = Westinghouse Savannah River Company •. 
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PRETREATMENT MASTER SCHEDULE 
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