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Introduction

The U.S. Department of Energy (DOE) Office of Environmental Management (EM) created the Tanks Focus Area (TFA) in 1994 to deliver science and technology for tank waste remediation at high-level waste tank sites across the country.  The TFA's technical work encompasses six key functions: waste retrieval, waste pretreatment, waste immobilization, tank closure, and characterization of both the waste and tank. Safety is an integral part of all of these functions. These functions comprise a complete tank waste remediation system. By integrating the technical work across the sites and other funding organizations, the TFA helps its site users realize greater benefits from DOE's technology development budget. Since its inception, the TFA has made significant progress toward helping EM meet its goals and commitments for tank remediation. Funding organizations include the EM Offices of Site Closure, Project Completion, and Science and Technology.

In 2002, EM directed a reorientation of their Office of Science and Technology (OST) to streamline and focus on high payback activities, including two new thrusts on site closure and alternative approaches to current high-risk/high-cost baselines. As part of this restructuring process, the Focus Areas were directed to close out their program activities by September 30, 2002.  To help ensure the availability of tank science and technology information gained during the span of the program, the TFA collected this brief summary of key technology development activities, including references and points of contact, for the following tank waste remediation functions:

· Immobilization
· Characterization
· Safety. 
Immobilization

Tank waste must be converted into a durable solid form before it is disposed so that radioactive and chemical materials remaining in the waste can't easily escape. The low-level portions of the tank waste can be turned into a waste form and stored to allow retrieval if needed. The high-level radioactive waste must be turned into a form that is safe for interim storage until a permanent waste repository is opened. Grouting (cement) and vitrification (glass) processes are the two main forms of achieving waste immobilization in the DOE complex.

Optimizing Glass Formulations – D. K. Peeler

Improve Waste Loading for SRS High Level Waste Glasses
The purpose of this task was to generate the glass property-composition data and models necessary for providing a step change in waste loading and/or melt rates to reduce overall cycle times as well as provide maximum operational flexibility in terms of opening compositional operating windows for DWPF.  

The liquidus temperature database, from which modeling efforts were based, was expanded to fill in compositional gaps.  An improved DWPF liquidus temperature process control model was developed and implemented resulting in significant increases in potential waste loadings for projected sludge batches.

In addition, this task developed the technical basis to challenge the use of the DWPF homogeneity constraint.  This constraint has restricted operational flexibility for DWPF for previous sludge batches and is projected to have a significant impact on future sludge batches.  Workscope under TFA has continued the development of alternative criteria to replace the homogeneity constraint allowing larger compositional windows to be targeted.

Documentation:

Brown KG, CM Jantzen, and G Ritzhaupt.  2001.  Relating Liquidus Temperature to Composition for Defense Waste Processing Facility (DWPF) Process Control, WSRC-TR-2001-00520, Westinghouse Savannah River Company, Aiken, SC.

Peeler, D.K., T.B. Edwards, K.G. Brown, R.J. Workman, and I.A. Reamer. 2000.  Reduction in Constraints: Applicability of the Homogeneity Constraint for Macrobatch 3, WSRC-TR-2000-00358, Westinghouse Savannah River Company, September 2000.

Peeler, D.K., K.G. Brown, and T.B. Edwards. 2001. Reduction of Constraints: Technical Status Report on the Applicability of the Homogeneity Constraint or Sludge-Only Processing, WSRC-TR-2001-00538, Rev. 0, December 30, 2001.

D.K. Peeler, K.G. Brown, T.B. Edwards, D.R. Best, R.J. Workman, I.A. Reamer. 2002. Reduction of Constraints: Phase 1 Experimental Assessment of Centorid-Based Sludge-Only Glasses, WSRC-TR-2002-00120, Rev. 0, February 15, 2002.

Improve Waste Loading in Hanford HLW Glass

Workscope for this task has been focused on providing technical support for the evaluation of the alternative separations process (e.g., CST) and its impact on processability and product quality.  Additionally, glass property models (GPM) were evaluated and updated to reflect recent updates in sludge compositional information and blending strategies which include a reduction of SiO2 and increase in Cr2O3, ZrO2, SrO and MnO; and to take advantage of new data.  Previous predictions of glass properties in areas of this new composition space are inaccurate and led to large differences in HLW glass volume predictions, waste feed delivery requirements, and melter sizing.  The GPM were updated to cover the new expected composition regions for HLW glasses for those properties that may limit the loading of waste in glass, including primarily troublesome component solubilities and liquidus temperature.

Documentation:

Plaisted, T., P. Hrma, J. D. Vienna, and A. Jiricka.  2000. “Liquidus Temperature and Primary Crystallization Phases in High-Zirconia High-Level Waste Borosilicate Glasses,” in Scientific Basis for Nuclear Waste Management XXIII, pp. 709-714, Materials Research Society, Warrendale, Pennsylvania.

Li, H., Y. Su, J. D. Vienna, and P. Hrma. 2000.  “Raman Spectroscopic Study - Effects of B2O3, Na2O, and SiO2 on Nepheline (NaAlSiO4) Crystallization in Simulated High-level Waste Glasses,” in Ceramic Transactions 107, pp. 469-477, American Ceramic Society, Westerville, Ohio.

Hrma, P., J. D. Vienna, J. V. Crum, and G. F. Piepel.  2000.  “Liquidus Temperature of High-Level Waste Borosilicate Glasses with Spinel Primary Phase,” in Scientific Basis for Nuclear Waste Management XXIII, pp. 671-676, Materials Research Society, Warrendale, Pennsylvania.

Hrma, P., P. Izak, J. D. Vienna, G. M. Irwin, and M. L. Thomas.  2002. “Partial Molar Liquidus Temperatures of Multivalent Elements in Multicomponent Borosilicate Glass,” Phys. Chem. Glasses 43 [2] pp. 128-136.

Riley, B. J., P. Hrma, J. Rosario, and J. D. Vienna.  2002.  “Effect of Crystallization on High-Level Waste Glass Corrosion,” in Ceramic Transactions 132, pp. 257-266, American Ceramic Society, Westerville, Ohio.

Vienna, J. D.  2002.  The Effects of Temperature and Composition on the Solubility of Chromium in Multi-Component Alkali-Borosilicate Glass Melts, a Ph.D. Dissertation, Washington State University, Pullman, Washington. 

Hrma, P., and J. D. Vienna. 2001. “Balancing Cost and Risk by Optimizing the High-Level Waste and Low-Activity Waste Vitrification,” in Waste Management ’00, University of Arizona, Tucson, Arizona.

Hrma, P., G. F. Piepel, J. D. Vienna, S. K. Cooley, D. S. Kim, R. L. Russell.  2001.  Database and Interim Glass Property Models for Hanford HLW Glasses, PNNL-13573, Pacific Northwest National Laboratory, Richland, Washington.

Izak, P., P. Hrma, B. K. Wilson, and J. D. Vienna.  2001.  “The Effect of Oxygen Partial Pressure on Liquidus Temperature of a High-Level Waste Glass with Spinel as the Primary Phase,” in Ceramic Transactions 119, pp. 309-316, American Ceramic Society, Westerville, Ohio.

Vienna, J. D., P. Hrma, J. V. Crum, and M. Mika.  2001.  “Liquidus Temperature-composition Model for Multi-component Glasses in the Fe, Cr, Ni, and Mn Spinel Primary Phase Field ,” J. Non-cryst. Sol., 292 [1-3], p 1-24.

Improved Waste loading in High Sodium Low Level Waste

Glass Development for Idaho Sodium Bearing Waste – D. K. Peeler

The overall scope for INEEL Sodium Bearing Waste (SBW) focused primarily in the areas of feed conditioning for vitrification, glass formulation, melter design and performance, off-gas characterization and abatement system performance, materials of construction, and waste acceptance compliance methodology.  Specific workscope covered included areas related to glass formulation and waste acceptance compliance strategy.  Glass formulation efforts focused on providing compositions to support integrated melter demonstrations and well as the technical basis from which composition – property models could be developed.  Technical challenges as glass compositions were developed in support of the integrated melter runs were primarily two-fold: (1) the high Na2O content and (2) the high SO3 content of the waste.  An systematic approach was taken to address these issues to assure processability of the glass while product quality was not compromised.  Strategic compositional adjustments were developed which resulted in high SO3 and Na2O solubility which allowed relatively high waste loadings to be achieved.  Glass prediction model development was primary achieved through the development and implementation of compositional variability studies.

Improved Sulfate Solubility in Hanford Low Activity Waste Glass – J. D. Vienna

Workscope for this task has been focused on increasing the allowable concentration of SO3 that could be safely processed in Handford LAW glass melter.  Efforts included studies to 1) determine the mechanism of sulfate containing salt segregation in the melter at sulfur concentrations well below their solubility limit, 2) determine the impact of key chemical and physical parameters on the behavior of sulfur in a LAW glass melter, and 3) optimizing sulfur incorporation efficiency (e.g., increasing sulfur content while maintaining adequate processing rate).  This task began late in FY02 and so limited progress was made.  It was clearly shown that the mechanism for salt segregation was motion of salt containing bubbles to the melt surface.  The details of salt containing bubble generation and mitigating strategies are yet to be determined.

Documentation:

J.D. Vienna, M.J. Schweiger, D.E. Smith, H.D. Smith, J.V. Crum, D.K. Peeler, I.A. Reamer, C.A. Musick, and R.D. Tillotson, Glass Formulation Development for INEEL Sodium-Bearing Waste, PNNL-12234, July 1999.

D.K. Peeler, T.B. Edwards, I.A. Reamer, R.J. Workman, J.D. Vienna, J.V. Crum, and M.J. Schweiger, Glass Formulation Development for INEEL Sodium-Bearing Waste (FY2001 WM-180), WSRC-TR-2001-00295, Rev. 0. 

J.G. Darab, D.D. Graham, B.D. MacIssac, R.L. Russell, H.D. Smith, J.D. Vienna, and D.K. Peeler, Sulfur Partitioning During Vitrification of INEEL Sodium Bearing Waste: Status Report, PNNL-13588, July 2001.

,J.D. Vienna, J.V. Crum, D.K. Peeler, T.B. Edwards, I.A. Reamer, and R.J. Workman, Glass Formulation Development for INEEL Sodium-Bearing Waste to be issued.

D.K. Peeler, T.B. Edwards, J.D. Vienna, G.F. Piepel, and S.K. Cooley, Development of the Sodium-Bearing Waste Composition Variation Study Test Matrix, WSRC-RP-2001-00700, Westinghouse Savannah River Company, to be issued.

B.A. Staples, D.K. Peeler, G.F. Piepel, J.D. Vienna, B.A. Scholes, and C.A. Musick, The Preparation and Characterization of INTEC HAW Phase 1 Composition Variation Study Glasses, INEEL/EXT-98-00970, Idaho National Engineering and Environmental Laboratory, Lockheed Martin, September 1998.

T.B. Edwards, D.K. Peeler, I.A. Reamer, G.F. Piepel, J.D. Vienna, and H. Li, Phase 2B Experimental Design for the INEEL Glass Composition Variation Study, WSRC-TR-99-00224, Rev. 0, August 2000.

B.A. Staples, B.A. Scholes, D.K. Peeler, J.D. Vienna, L.L. Torres, C.A. Musick, and B.R. Boyle, The Preparation and Characterization of INTEC Phase 2b Composition Variation Study Glasses, INEEL/EXT-99-01322, Idaho National Engineering and Environmental Laboratory, December 1999.

Piepel, G.F., S.K. Cooley, D.K. Peeler, J.D. Vienna, T.B. Edwards. 2000. "Augmenting a Waste Glass Mixture Experiment Study with Additional Glass Components and Experimental Runs", PNNL-SA-33717, Pacific Northwest National Laboratory, Richland, WA (submitted for publication in Quality Engineering).
D.K. Peeler, T.B. Edwards, and D.R. Best, Chemical Composition Analysis of INEEL Phase 3 Glasses, WSRC-RP-2000-00683, Rev. 0 July 2000.

D.K. Peeler and T.B. Edwards, A Plan for the Chemical Composition Analysis of the INEEL SBW CVS Glasses, WSRC-RP-2001-00702, Rev. 0, June 15, 2001. 

B.A. Scholes, J.D. Vienna, D.K. Peeler, and T.B. Edwards, The Preparation and Characterization of INTEC Sodium Bearing Waste Phase 1 Composition Variation Study Glasses, INEEL/EXT-02-00386, Idaho National Environmental and Engineering Laboratory, March 2002.

Other relevant INEEL documentation:

J.D. Vienna, T.J. Plasited, R.L. Plaisted, J.V. Crum, D.K. Peeler, I.A. Reamer, T.L. James, C.A. Musick, and R.D. Tillotson, Glass Formulation For Idaho National Engineering and Environmental Laboratory Zirconia Calcine High-Activity Waste, PNNL-12202, August 1999.

C.A. Musick, B.A. Scholes, R.D. Tillotson, D.M. Bennert, J.D. Vienna, J.V. Crum, D.K. Peeler, I.A. Reamer, D.F. Bickford, J.C. Marra, and N.L. Waldo, Technical Status Report: Vitrification Technology Development Using INEEL Run 78 Pilot Plant Calcine, INEEL/EXT-2000-00110, Idaho National Engineering and Environmental Laboratory, February 2000.

C.A. Musick, B.A. Staples, J.D. Vienna, D.K. Peeler, B.C. Norby, R.J. Kirkham, and P.A. Tullock, “FY-98 Pilot Scale Melter Tests Using Surrogate High Activity Waste – All Blend Glass Formulation,” INEEL/EXT-98-00991, Idaho National Engineering and Environmental Laboratory, Lockheed Martin October 1998.

J.V. Crum, J.D. Vienna, D.K. Peeler, and I.A. Reamer, Formulation Efforts for Direct Vitrification of INEEL Blend Calcine Waste Simulant: Fiscal Year 2000, PNNL-13483, March 2001.  

J.D. Vienna, D.K. Peeler, R.L. Plaistad, T.J. Plaisted, I.A. Reamer, J.V. Crum, Ceramic Transactions, Volume 107, Glass Formulation for Idaho National Engineering and Environmental Laboratory Zirconia Calcine High-Activity Waste, Proceedings of the International Symposium on Waste Management Technologies in Ceramic and Nuclear Industries, pp. 451 – 459, June 2000.

Long-Term Performance of Hanford Low Activity Waste Glasses

LAW glass at Hanford will be disposed of in a shallow land burial site. Evaluation of the glass performance, the development of standards, and understanding the controlling mechanism was critical to both specification of the LAW glass and to assessment of the performance. A LAW standard glass was developed, procured, and characterized for Hanford LAW. The test protocols were developed to evaluate the performance of the glass and to provide input to the Performance Assessment.

Documentation:

W. L. Ebert, D. M. Strachan, S. F. Wolf, Formulation of a Candidate Glass for Use as an Acceptance Test Standard Material, ANL-98/10, April 1998.

S. F. Wolf, W. L. Ebert, J. S. Luo, D. M. Strachan, A Data Base and a Standard Material for Use in Acceptance Testing of Low-Activity Waste Products, ANL-98/9, April 1998.

W. L. Ebert, S. F. Wolf, Round-Robin Testing of a Reference Glass for Low-Activity Waste Forms, ANL-99/22, October 1999.

D. K. Peeler, A. D. Cozzi, D. R. Best, C. J. Coleman, I. A. Reamer, Characterization of the Low Level Waste Reference Glass (LRM), WSRC-TR-99-00095, Rev 0, March 30, 1999.

J. D. Vienna, D. K. Peeler, B. P. McGrail, Hanford Immobilized Low-Activity Waste Product Acceptance Test Plan, WSRC-RP-99-00288, Rev 0, March 30, 1999.

R. L. Schulz, T. H. Lorier, D. K. Peeler, K. G. Brown, I. A. Reamer,  J. D. Vienna, A. Jiricka, B. M. Jorgensen, D. E. Smith, Hanford Immobilized LAW Product Acceptance:  Tanks Focus Area Testing Data Package II,  PNNL-13344, September 2000.

D. M. Strachan, Recommendations for Glass Durability Test Criteria,  PNNL-12074 UC-510, December 1998.

J. D. Vienna, A. Jiricka, B. P. McGrail, B. M. Jorgensen, D. E. Smith, B. R. Allen, J. C. Marra, D. K. Peeler, K. G. Brown, I. A. Reamer, W. L. Ebert, Hanford Immobilized LAW Product Acceptance:  Initial Tanks Focus Area Testing Data Package, PNNL-13101, Feb. 2000.

Advanced Waste Forms – D. K. Peeler and J. D. Vienna

Waste streams at the U.S. Department of Energy’s Hanford and Savannah River sites contain a varied array of chemical compounds, a number of which can limit the waste loading or cause operating difficulties with melt rate or equipment corrosion.  Hanford and Savannah River may benefit from immobilization in higher temperature glass formulations in advanced melters.  In many cases, higher melt temperatures permit higher waste loadings in the glass and facilitates handling wastes containing high refractory oxides or waste solubility limiting components, such as aluminum, zirconium, chromium, and sulfate.  However, prior to implementation or routine use of advanced melters in Department of Energy (DOE) radioactive waste treatment facilities, some technical issues need to be addressed.  Some of the issues include:

· Life of melter materials;

· Ability to accommodate electrically conductive noble metal fission products;

· Power requirements and control stability (with slurry feeding and secondary phases);

· Ability to meet production rate goals with liquid feed;

· Ability to increase waste loading; and 

· Offgas emissions treatment.   

Workscope in FY02 was focused on providing glass formulations that take advantage of advanced melters to provide a step change in waste loading (> 60%).  Formualtions work was primarily focused on supporting international melter runs (Russia and France) using induction cold wall crucible melter (ICCM) technology.  Supplementary formulation efforts focused on increasing waste loadings for standard Joule heated melters (>50%) by challenging standard operation constraints currently implemented.  This task has produced formulations to support both ICCM melter runs and Joule heated melter runs using a specific Hanford waste stream (C-106/AY-102) that represents a blend of tanks that will be processed during High-Level Waste (HLW) vitrification efforts.  Iron and aluminum are the predominant cations in the simulant – thus making it directly applicable to SRS wastes.  The waste is also high in MnO and SrO.  Glasses containing up to 70% waste loadings have been develop to met specific ICCM processing criteria requiring melt temperatures of ~1250 – 1350°C.  Although volatility is a concern at the higher temperatures, initial indications are that volatilization was minimized when processed through the ICCM.

Glass formulations were also developed at high waste loadings (50 – 60%) that are potentially processable through standard Joule heated melters (1150°C).  A glass formulation (ICCM-2) was recommended for demonstration in the Research Scale Melter (RSM) at PNNL.  This glass was successfully processed through the RSM provided an initial basis and incentive from which glass formulation and optimization can proceed.  

Documentation:

D.K. Peeler, J. D. Vienna, C.C. Herman, T. B. Edwards, R. J. Workman, I. A. Reamer, J.V. Crum, Advanced Glasses: Development of High Waste Loading Glasses, Westinghouse Savannah River Company, Aiken, SC to be issued. 

R. W. Goles, Test Summary Report, Hanford C-106/AY-102 Vitrification Demonstration, PNNL, to be issued.

Melter Design and Operational Improvements – D. C. Witt

Improved Pour Spout Operation

Although the Defense Waste Processing Facility (DWPF) has well exceeded its two-year design life, several areas of performance have required improvements.  A multifaceted approach has been used to improve the design and performance of the DWPF pour spout.  The culmination of this work was the recommendation of an improved insert for Melter-1, design changes to be made to the Melter-2 pour spout and the use of the Control Vision camera for characterization of pour spout configuration.   Melter life has been extended through the retrofitting of the worn pour spout with an improved flow insert.  Use of the insert improves glass pouring.  This improvement in performance has been verified in a mockup of the DWPF riser and pour spout, the Pour Spout Test Stand (PSTS), at Clemson University.  

Improved Melt Rate 

Testing, using simulated waste to determine methods for improving melt rate for the next DWPF sludge batch, have also been conducted.  The tests indicated that met rate is proportional to alkali content and led to the recommendation of a new frit for DWPF operation, Frit 320.  These test were performed in specially designed melt rate furnaces  - a dry feed melt rate furnace and a slurry fed melt rate furnace.  These furnaces are intended to bridge the gap between small crucible testing and the larger melter.  

Bubbler Development

Additionally, a bubbler intended as a means of increasing glass flow circulation in the DWPF Melter to improve melt rate was developed and tested in the Stirred Melter a Clemson University.  Further evaluation of the bubbler, using a glycerin physical model has aided in bubbler design and operation.   A bubbler prototype will be tested in the PSTS for failure mode and erosion testing to determine wear rates and bubbler life.   Slurry Melt Rate furnace (SRMF) test are being performed with a miniature bubbler to obtain an early indication of melt rate increase and to investigate actual physical mechanisms that would occur with operation of a bubbler in a melter environment.

Documentation:

Dennis F. Bickford, Design Recommendations for Melter Pour Spout,  WSRC-TR-2000-00240/WSRC-VM-2000-00057, July 27, 2000.

S. K. Sundaram, J. M. Perez, Defense Waste Processing Facility Pour Spout Heaters-Conceptual Designs and Modeling,  PNNL-13215, April 2000.

E. W. Holtzscheiter, Jr, Tanks Focus Area Melter Development Program (FY01-02), WSRC-TR-2000-00401, October 10, 2000.

M. A. Ebadian, T. Buttelmann, V. Gurau, R. Srivastava, Investigation of Waste Glass Pouring Behavior over a Knife Edge, HCET-1997-T003,003-30, January, 2001.

D. F. Bickford, D. C. Witt, Verification of Melter #2 Pour Spout Design, WSRC-TR-2001-00239, April 24, 2001.

D. F. Bickford, D. C. Iverson, H. N. Guerrero, et. al., Status of Replacement Heater Modules for Pour Spout Heater,  WSRC-TR-99-00305, rev 1. August 30, 1999.

Letter Report, Assessment of Idaho Technology Roadmap for Direct Vitrification Treatment of Sodium Bearing Waste,. Tanks Focus Area Report, September 2000.
C. A. Musick, et. al. , Technical Status Report: Vitrification Technology Development Using INEEL Run 78 Pilot Plant Calcine, INEEL.EXT-2000-00110, February 2000.

C. A. Musick, B. A. Staples, Vitrification Workshop for Immobilization of INEEL High-Level Waste, INEEL/EXT-99-00090, January 1999.

R. W. Goles, et. al. ,  Test Summary Report INEEL Sodium-Bearing Waste Vitrification Demonstration RSM-01, PNNL-13522, May 2001.
Dean Taylor, Charles Barnes, Lance Lauerhass, INEEL SBW Vitrification Process, INEEL/EXT-01-01139, September 2001.

Technical Task Request #HLW/DWPF/TTR-00-0044, DWPF Macrobatch 3 Melt Rate Study.

D. P. Lambert, D. K. Peeler, Increase Melting Rate of DWPF Feed - Task Technical & QA Plan, WSRC-RP-2001-00183, November 13, 2000 (first issued as WSRC-RP-2000-00080, also issued as TFA TTP# SR-1-6-WT-31).

D. P. Lambert, T. H. Lorier, D. K. Peeler, M. E. Stone, MELT RATE IMPROVEMENT FOR DWPF MB3: Summary and Recommendations (U), WSRC-TR-2001-00148, May 8, 2001.

M. E. Stone, D. P. Lambert , Feed Preparation,WSRC-TR-2001-00126 

D.K. Peeler, T. B. Edwards, T.H. Lorier, K.G. Brown, D.F. Bickford, I. A. Reamer, J. D. Vienna, D.C. Witt, R. J. Workman, Frit Development and Model Assessment WSRC-TR-2001-00131,.

M. E. Stone, J. E. Josephs, Melt-Rate Furnace Testing, WSRC-TR-2001-00146 

T.H. Lorier, Crucible Studies, WSRC-TR-2001-00151.

T.H. Lorier, Frit Preparation, WSRC-TR-2001-00152.

M. E. Stone, J. E. Josephs, Sugar Addition Test, WSRC-TR-2001-00158. 

D.K. Peeler, T.H. Lorier, J. D. Vienna, Foaming Theory and Mitigation Technique, WSRC-RP-2001-00351.

D. P. Lambert, Technical Project Review of Melt Rate Task, WSRC-TR-2000-00197, May 9, 2001.

Other Related Reports:

M. E. Stone, D. P. Lambert, DWPF Macrobatch 2 Melt Rate Tests, WSRC-TR-2000-0395, October 5, 2000.

HLW-SDT-2000-00128, Revision 0, Position Paper on Sludge Batch 2 Qualification Strategy and Simulant Composition, May 9, 2000.

J. R. Harbour, T. B. Edwards, and R .J. Workman, Summary of Results for Macrobatch 3 Variability Study (U),WSRC-TR-2000-00351, Rev. 0, 2000.

D. C. Koopman, Sludge Batch 2 (Macrobatch 3) Flowsheet Studies With Simulants (U), WSRC-TR-2000-00398, Revision 0, October 9, 2000.

Dennis Bickford, Michael E. Smith, The Behavior and Effects of the Noble Metals in the DWPF Melter System, WSRC-TR-97-00370, November 30, 1997.

E. W. Holtzscheiter, Tanks Focus Area FY01 Immobilization Strategic Plan, WSRC-TR-2001-00187, March 28, 2001.

E. W. Holtzscheiter, D. C. Witt,  Tanks Focus Area Product Delivery Expectations: Improved Melt Rate, WSRC-TR-2001-00215, April 16, 2001

Tanks Focus Area, Assessment of Selected Technologies for the Treatment of Idaho Tanks Waste and Calcine, PNNL-13268, July 2000.

Failed Melter Disassembly and Glass Removal – M. E. Smith
Techniques have been developed by West Valley Nuclear Services and Westinghouse Savannah River Company to address size reduction and disposal of equipment that has been in contact with HLW during the processing.  A grapple that was developed at West Valley for size reduction and equipment handling was recently adapted for use in the DWPF melt cell for picking up HLW glass shards and pieces to reduce radiation loads and contamination to the equipment and canisters. Tools have been developed to empty HLW glass from a melter in the process of failing or in a planned shutdown. The task will complete proof of principle testing of tooling that can be adapted to use in a hot cell for removing HLW glass adhering to melter surfaces. The testing is being performed by Florida International University. The next phase of the testing would be to demonstrate the techniques remotely on a large test melter. This phase of the work was terminated due to insufficient funding.

Documentation:

M.R. Norton, L.H.Schroeder, Melter Replacement Outage-Engineering Position Paper, HLW-DEN-2001-000-00070, March 28, 2001.

Michael E. Smith, Dennis F. Bickford, Frank M. Heckendorn, Conceptual Methods for Decontamination and Decommissioning, Size Reduction, and Disposal of the DWPF  Melter and Components, WSRC-TR

-2001-00248, June 1, 2001.

Michael E. Smith, Experimental Plan for the Cold Demonstration (Scoping Tests) of Glass Removal Methods from a DWPF Melter,  WSRC-TR-2001-00783, September 15, 2001.

Advanced Melter Evaluations – C. C. Herman

The Cold Crucible Induction-Heated Melter (CCIM) is being investigated through International cooperative agreements since the opportunity to evaluate the design concept does not readily exist in the United States.   Contracts for investigating the technology have been placed with the Khlopin Radium Institute and SIA Radon in Russia, whereas the contract with the French participants has still not been finalized.  The CCIM is a unique design and the potential impacts of this project include: 

· Potential to increase throughput thereby decrease operation time and cost through

· Higher production rate for the melter footprint and

· Higher processing temperatures, which can increase waste loading, melt rate, or provide flexibility for processing alternative waste forms;

· Potentially lower design and fabrication costs;

· Increased melter life and reduced solid waste upon disposal through

· Elimination of refractory and electrode materials that are susceptible to corrosion and

· Reduction of hold-up in the melter since it can be completely drained; and

· Greatly reduced or eliminated noble metals issues.  

Although many potential advantages exist, the technology has not been widely demonstrated on DOE waste types or with slurry feeding, and the impacts of increased temperatures on volatility and/or corrosion need to be understood.  A major objective of the initial testing was to demonstrate feasibility of the technology on DOE wastes using slurry feeding so the effects of slurry feeding on the CCIM production rate and melter life can be understood.  Thus far, slurry feeding has not presented any problems.  However, much lower glass production rates have been evidenced.

With the Russian Institutes, several tests have been planned and they encompass different waste streams and different size CCIM units to assist in ascertaining the applicability of the technology.  Specifically, lab-scale tests have been performed using an INEEL Sodium Bearing Waste (SBW) surrogate and have also commenced with an alkaline surrogate representative of both Hanford and Savannah River Site HLW.  When possible, the testing is witnessed by DOE participants knowledgeable in HLW vitrification.  This allows for technology evaluation and understanding, potential benefits quantification compared to the existing joule-heated technology, and ensures that the necessary data is obtained for DOE adaptation.  In addition, samples of the glasses produced are transmitted to the DOE participants for characterization.  Thus far, all of the products produced have met DOE HLW acceptance criteria.

Although no testing has been performed to date with the French delegation (CEA), the Marcoule facility was visited on two separate occasions and a tour of the CCIM pilot plant was performed.  Several different sized units (from 150 mm up to 1100 mm diameter crucibles) have been tested by the CEA in their pilot-plant.  Different sized units are available for DOE testing depending on the CEA schedule and the requirements for support systems.  The CEA has also developed an Advanced Cold Crucible Melter (ACCM) that differs from the regular CCIM in that the induction coils are placed under the floor of the melter; rather then around the cylindrical side-wall.  This permits larger diameter melters to be designed.  However, it is believed that this results in the requirement that the glass melt be agitated to distribute the heat throughout the glass melt and up to the cold cap.  CEA has developed a stirrer that performs this agitation.  During both visits, the CEA capabilities and potential collaborative work scope were discussed.   A draft statement of work has been written describing the potential collaborative work.
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C.C. Herman, D.F. Bickford, D.K. Peeler, D. Gombert, J.G. Richardson, R. Goles and J.D. Vienna, “Consolidated Summary of FY01 Activities Related to the Induction Cold Crucible Melter Technology”, WSRC-TR-2001-00479, September 28, 2001.
A. Aloy, Progress Report on the Project “Evaluation of Russian Induction-Heated Cold Crucible Melter Technology for DOE High Level Radioactive Waste Streams”, September 1 – October 30, 2001, Khlopin Radium Institute.

S.V. Stefanovsky, Progress Report on the Collaboration Agreement between the United States Department of Energy and SIA “Radon”, Moscow, Russia, September-October, 2001, SIA Radon.

A. Aloy, Progress Report on the Project “Evaluation of Russian Induction-Heated Cold Crucible Melter Technology for DOE High Level Radioactive Waste Streams”, November 1, 2001 – February 1, 2002, Khlopin Radium Institute.

A. Aloy, Progress Report on the Project “Evaluation of Russian Induction-Heated Cold Crucible Melter Technology for DOE High Level Radioactive Waste Streams”, March 1 – June 1, 2002, Khlopin Radium Institute.

C.C. Herman, D.F. Bickford, R. Goles, D. Gombert, and J.G. Richardson, “Run Plan:  Cold Crucible Induction Melting of High Alkaline Surrogate at Khlopin Radium Institute”, WSRC-RP-2002-00256, April 24, 2002.

C.C. Herman, D.F. Bickford, R. Goles, and D. Gombert, “Vitrification Demonstration Run Plan:  Vitrification Demonstration of DOE High Alkaline Surrogate in the Radon 200mm Crucible”, WSRC-RP-2002-00319, May 29, 2002.

C.C. Herman, “Foreign Trip Report: Travel to Russian Cold Crucible Vitrification Technology Development Centers for the Tanks Focus Area, June 8 through June 15, 2002”, SRT-GPD-2002-00094, July 3, 2002.

C.C. Herman, “Characterization of Glass Samples from Khlopin INEEL SBW Testing”, SRT-GPD-2002-00055, Revision 1, July 5, 2002.

C.C. Herman, “Meeting Minutes for Planning Meeting with Khlopin for High Alkaline Waste Testing”, SRT-GPD-2002-00107, August 13, 2002.
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Evaluation of Immobilization Options for Oak Ridge Tanks Waste – J. R. Harbour

Evaluation of Glass

The goal of this work was to demonstrate that vitrification is a viable option for disposition of Oak Ridge’ s waste both technically and economically.  Glass formulations were developed by SRTC for the radioactive waste stored in Oak Ridge’s Melton Valley Storage Tanks (a composite of the wastes in the GAAT, OHF, BVEST, and MVST tanks).  A soda-lime-silica glass was developed that incorporated greater than 40 wt% of the sludge into the glass.  This glass met the performance and processing requirements necessary for a viable process.   A statistically designed approach was followed to optimize the frit formulation, ensure robustness of the waste form to large variations in the waste composition, and maximize waste loading.  This information was input to a life cycle cost analysis for the immobilization and disposal of the waste forms produced by vitrification.  

Evaluation of Grout. 

The goal of this work was to demonstrate that grouting is a viable option for disposition of Oak Ridge’ s waste both technically and economically.  A study for grouting similar to the vitrification effort was conducted using the same simulants.  ORNL personnel developed a grout formulation that could meet the processing and waste form performance requirements necessary for a viable process.  A life cycle cost analysis was also performed for immobilization and disposal of the waste forms produced by grouting.  A comparison of the life cycle costs for vitrification and grouting revealed that, to first order, the costs were similar.  The cost for the vitrification facility and equipment were higher than that for grouting but grouting produced more waste and therefore more glass-filled canisters.  The increased number of RH canisters required for grouting added significantly to the transportation costs to WIPP for the grouting option.

Evaluation of Evaporation with Additives

The final process selected to treat Oak Ridge’s waste through a formal bid process was evaporation.   The goal of this task was to demonstrate through simulated and actual waste testing that the evaporated waste form, using the selected vendor’s approach, meets the TCLP requirements imposed by Oak Ridge. This testing demonstrated that the TCLP criteria were not met for Hg for two of the six actual tank samples.  Furthermore, the process did not predict the need to add stabilizers for Cd and Cr and consequently, the waste forms failed the TCLP for these elements on two of the actual samples.  The results of this testing requires that the vendor address the issues identified by the Hg, Cd, and Cr TCLP responses with actual waste.
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Immobilization Options for Idaho Sodium Bearing Waste – J. R. Harbour

Improved Calcining (Denitration)

The goal of this task was to improve the efficiency of conversion of nitrates to nitrogen and oxygen.  Experiments performed by INEEL and PNNL demonstrated significant improvements in the conversion efficiency by both thermal and catalyzed processes.  Idaho evaluated these results and selected the thermal process for achieving the necessary improvements in nitrate conversion.  Calcining, with a modification of higher temperatures, is currently one of the options being considered for disposition of the sodium bearing wastes.

Grout  

The viability of grouting as an immobilization process needed to be determined if grouting was to be considered as an option in the down selection process.  Therefore, AEA and INEEL developed grout formulations for sodium bearing waste and for newly generated liquid waste and performed testing that confirmed that grouting could be used to immobilize Idaho’s waste.  These successful tests, both with and without CsIX, have resulted in the inclusion of grouting as one of the options currently under consideration for disposition of sodium bearing waste.  

Steam Reforming

Another option being considered for disposition of Idaho’s sodium Bearing waste is steam reforming.  Funding was provided to Idaho in order to develop the process of steam reforming for this unique waste stream.  The sodium bearing waste stream contains liquid and a sludge layer at the bottom of each tank.  Therefore, a blend of liquid and solids as feed to the reformer must be demonstrated.  This work is ongoing and will culminate in a steam reforming demonstration to be performed in FY03.
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Johnson, M.A., R.F. Simmons, J.R. Williams. 1999. Cementation of INEEL Type 2 Waste. AEAT-6095, AEA Technology Nuclear Science, Dorchester, United Kingdom. (September).

Harbour, J., A., Herbst. 2000. Summary of the Technology Exchange on Waste Acceptance for Idaho Law Forms (U). WSRC-RP-2000-00377, Rev. 0, Westinghouse Savannah River Company, Aiken, South Carolina. (June).

Herbst, A.K., J.A. McCray, R.J. Kirkham, J. Pao, M.D. Argyle, L. Lauerhass, C.L. Bendixsen, S.H. Hinckley. 2000. Idaho Nuclear Technology and Engineering Center Low-Activity Waste Process Technology Program

FY-2000 Status Report. INEEL/EXT-2000-01167, Idaho National Engineering and Environmental Laboratory, Idaho Falls, ID. (October).

A. K. Herbst D. W. Marshall, S. J. Palethorpe and R. F. Simmons, Solidification of Acidic, High-Sodium Low Level Waste at the INEEL, Spectrum 98, Denver, Colorado September 1998.

J. R. Harbour, Meeting Summary:  TFA Review of the Feasibility Study for the Grouting Demonstration of Newly Generated Liquid Waste at Idaho, SRT-VTB-2000-013, June, 2000.
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J. A. Gentilucci, J. E. Miller, R. L. Treat, W. W. Schulz, Technical Review of the Applicability of the Studsvik, Inc. Thor(sm) Process to INEEL SBW, TFA-0101, 3/30/2001.

Characterization

The mission of the Characterization Functional Area within the Tanks Focus Area (TFA) was to work with technology developers and users to provide technology solutions to characterization, sampling, and monitoring technology gaps identified via the site needs submittal process and strategic planning.  Under the programmatic leadership of the TFA, the Characterization Functional Area provided technical expertise, long-range planning, and programmatic oversight guidance specifically in the categories of:

· Validation of new hot-cell instrumentation

· Cone penetrometer tools for contaminant screening and sampling

· Tank waste sampling for inventory analysis

· Process control monitoring for tank waste retrieval, pretreatment, and immobilization

· Residual waste characterization to support tank closure activities

The following information provides a brief summary of key characterization projects funded by the Tanks Focus Area between 1995-2002, and a reference list of selected reports related to these projects. Points of contact are provided, where applicable.

VALIDATION OF HOT CELL INSTRUMENTATION

At the inception of the TFA in 1995, most of the TFA characterization needs and activities were directed to Hanford problems and the development of Automated Hot Cell Analytical Technologies (AHCAT).  The purpose of the AHCAT was to scan Hanford HLW tank cores directly to reduce cost and turn around time for hot-cell and hot-laboratory analysis. Development of remote analytical scanning technologies was needed to reduce the cost and time to characterize extruded cores from tank wastes.  The baseline schedule for characterization of sludges in the Hanford waste tanks was to obtain over 400 core samples up to 20 feet in length and analyzed the cores in 19-inch segments over a three-year time period.  Assembly-line remote core-scanning techniques were needed to increase laboratory capacity dedicated to tank waste analysis.  AHCAT under development in 1995 were the laser ablation/mass spectrometer (LA/MS) for elemental and isotopic analysis, the near infrared (NIR) spectrometer for moisture analysis, the Raman spectrometer for inorganic and organic species analysis, and the CdZnTe gamma spectrometer for gamma radionuclide analysis.  By the end of FY97, all four of the AHCAT were developed to varying degrees of hot-demonstration and validation levels in Hanford Laboratory 222S.  After a four-year hiatus, work on the LA/MS was initiated again in fiscal year 2002 at Hanford.
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1. Fred Reich, David Dodd, et al., “Summary of FY-95 NIR Moisture Measurements Development and Implementation Activities”, WHC-SD-WM-RPT-191 (9/95).

2. Fred Reich et al., “Functions and Requirements for Hot Cell and In-Situ applications of Raman Spectroscopy”, WHC-SD-WM-FRD-023 (10/95).

3. Gary Troyer et al., “Non-Destructive In-Situ Measurement of Radiological Distributions in Hanford Site Waste Tanks”, WHC-SA-2883-FP (10/95).

4. Gary Troyer et al., “Hot Cell Remote Nuclear Scanning of Tank Core Samples”, WHC-SA-2933-FP (1/96).

5. Monty Smith, John Hartman, Mike Alexander, et al., “Initial Report on the Application of Laser Ablation - ICP/MS for the Analysis of Radioactive Hanford Tank Waste Material”, PNNL-11449 (12/96).

6. Mike Alexander, Monty Smith, John Hartman, et al., “Laser Ablation Inductively Coupled Plasma Mass Spectrometry”, Applied Surface Science 127-129 (1998), 255-261.

7. Monty Smith et. al, “Laser Ablation – Inductively Coupled Plasma Mass Spectrometry: Analysis of Hanford High-Level Waste Materials”, pp. 135-158 in Science and Technology for Disposal of Radioactive Tank Wastes, W. W. Schulz and N. J. Lombardo, Editors, Plenum Press, New York (1998).

Points of Contact:

1. Gary L. Troyer, Fluor Hanford, Phone: 509-373-1572, E-mail: gary_l_troyer@rl.gov
2. Fred R. Reich, Cogema, Phone: 509-372-8696, E-mail: frederich_r_fred_reich@rl.gov
3. David Dodd, Bechtel, Phone: 509-371-5297, E-mail: dadodd@bechtel.com
4. Mike Alexander, PNNL, Phone 509-376-1576, E-mail: michael.alexander@pnl.gov
5. Monty Smith, PNNL, Phone: 509-376-8459, E-mail: monty.smith@pnl.gov 

6. John Hartman, PNNL, Phone: 509-375-2771, E-mail: john.hartman@pnl.gov

CONE PENETROMETER TOOLS FOR CONTAMINANT SCREENING & SAMPLING

In the second year of the TFA, the Hanford Tanks Initiative (HTI) was implemented by EM-50 and part of the initiative dealt with developing and demonstrating cone penetrometer (CP) tools for characterizing tank waste in the vadose zone around a tank that had leaked. Via a subcontract to Waterways Experimental Station, three first generation tools were developed to fit into the head of the CP: a) a XRF sensor for metals and uranium in particular, b) a gamma scintillator for gamma emitters and Cs-137 in particular, and c) a removable/replaceable sample chamber for soil samples at desired depths.  The intent was to screen the vadose zone around the tank up to 100 feet below the tank bottom.  The U-238 was thought to be a tank waste signature that would move freely with the contamination plume and the Cs-137 would represent a waste signature highly retarded by the soil.  Based on screening results, selected locations would be sampled for laboratory analysis.   Via additional subcontracts from the HTI, these three tools were further developed for commercial application in a CP by Applied Research Associates (ARA) and demonstrated in cold pushes at Hanford down to depths of 150 feet in the vadose zone.  A CP platform also built by ARA with a 40-ton ballast was used for the pushes. All documentation and safety reviews for hot deployment in the AX tank farm were completed in FY99 prior to an unexpected termination of the HTI project. 

Additionally, a method for deploying electrical resistant tomography (ERT) probes via a CP was developed and demonstrated in FY96 at a Hanford cold tank test site.  The ERT probes were pushed by ARA to depths of 150 feet and their performance was as good or better than ERT probes that had been deployed via conventional drilling methods.  The ETR probes have electrodes vertically every three feet and via electrical resistance measurements across the soil column to other vertical strings of electrodes, the relative moisture content in the vadose zone and changes due to a leaking tank can be measured and converted to a three dimensional map via a computer model.  In addition to the CP tools in the vadose zone, a Raman probe for screening of oxyanions and organic compound in Hanford tank waste was also developed for use in a CP probe tip.  A principal investigator from LLNL developed the probe and it was installed and tested by ARA in one of their commercial CP.  Although the Raman probe was tested remotely on Hanford simulants and archived tank waste samples, it did not see hot service in Hanford tank waste because Westinghouse Hanford dropped its plans to deploy the CP for in-tank measurements of waste rheology, moisture, and contaminant screening.
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1. Debora F. Iwatate,  “Specification for Soil Multisensor and Soil Sampling Cone Penetrometer Probes”, HNF-SD-HTI-SDS-001, Rev. 0 (5/97).

2. Innovative Technology Summary Report on “Vadose Zone Characterization System – Tanks Focus Area”, DOE/EM-0552 (9/00).
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4. Glenn J. Bastiaans, John H. Ballard, and Cliff Morgan, “Vadose Zone Characterization For High-Level Waste Tank Closure” pp. 117-126, in Science and Technology for Disposal of Radioactive Tank Wastes, W. W. Schulz and N. J. Lombardo, Editors, Plenum Press, New York (1998).
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7. Beverly A. Crawford and Kevin R. Kyle, “Qualifications of Raman Analysis on Hanford Tank Waste”, pp. 127-134, in Science and Technology for Disposal of Radioactive Tank Wastes, W. W. Schulz and N. J. Lombardo, Editors, Plenum Press, New York (1998).

Points of Contact:

1. Debora Iwatate, Fluor Hanford (for CP sensors, sampler, and ERT), Phone: 509-376-8865, E-mail: deborah_f_iwatate@rl.gov
2. James D. Shinn, II, Applied Research Associates, Phone: 802-763-8348, E-mail jshinn@ned.ara.com
3. Gary L. Troyer (for CP sensors and sampler), Fluor Hanford, Phone: 509-373-1572, E-mail: gary_l_troyer@rl.gov
4. Abelardo Ramirez and William Daily, LLNL, Phone: 925-422-6909 and 925-422-8623, E-mail: ramirez3@llnl.gov and daily1@llnl.gov
TANK WASTE SAMPLING FOR INVENTORY ANALYSIS

Between 1998 and 2001, the TFA supported a major project to develop variable depth power fluidic sampling methods to replace the baseline method for sampling Hanford double shell tanks (DSTs) via grab sampling through the tank risers with a bottle on a line.  During a sampling campaign, the tank’s mixer motors must be shut off, which will allow suspended solids to settle.  Due to the highly heterogeneous distribution of wt% suspended solids that may occur during settling, large errors of uncertainty may be introduced when extrapolating sample data to the total wt% solids inventory and the associated HLW inventory in the tank.  Better sampling methods were needed to verify the tank inventory of contractually specified bulk constituents and radionuclides prior to batch transfer to the private contractor responsible for waste treatment services.  In particular, representative sampling of suspended particulates up to 20 wt% with the mixer motors running, variable depth access to samples from the top to the bottom of the waste, and sample lift heights up to 60 feet were needed.  An above riser station was needed to allow remotely shielded filling of 500 ml bottles, followed by remote capping, bagging, and insertion into transport casks.  The Hanford project team consisted of responsible parties from CHG, Cogema, and Numatec Hanford with assistance from AEA Technologies to develope the conceptual designs, conduct full-scale testing of power fluidics on Hanford simulant, and generate detailed designs for below and above riser components.  In May, 2001 a TFA Gate Review of the sampling project was conducted and it was determined that there were significant uncertainties regarding user need and commitment to complete development for in-tank deployment.  A decision was made to shut down the project and place project records in a retrievable storage condition should a decision be made to start up the project at a later date.
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Points of Contact:

1. Mike Boger, Numatec Hanford, Phone: 509-375-3355, E-mail: robert_m_mike_boger@rl.gov
2. Paul Murray and Martin Williams, AEA Technologies, Phone: 704-701-3604 and 704-965-8629, E-mail: murray@aeatech.com and Williams@aeatech.com
3. Ken Gasper, CHG, Phone: 509-371-3607, E-mail: Kenneth_a_ken_gasper@rl.gov 

PROCESS CONTROL MONITORS FOR TANK WASTE RETRIEVAL, PRETREATMENT, AND IMMOBILIZATION

By FY97, the Characterization Monitoring & Sensor Technology (CMST) Cross-Cut Area and TFA were working closely together to address site needs and funding of most of the new characterization site technology needs were via collaborative TFA/CMST calls and awards.  The projects initiated based on a FY97 call package were:

a) Comparative Testing of Pipeline Surrey Monitors  - Development effort became a 4-year program at ORNL to conduct comparative cold test loop studies on several monitors under development and commercially available on a cold test loop.  Pipeline slurry monitors were needed across the DOE/contractor complex to monitor compliance with wt% suspended solids loading and to avoid pipeline plugging by exceeding transfer specification.  From the cold test loop studies, an Endress + Hauser Coriolis meter for density and flow monitoring and a Lasentec particle size analyzer were selected for hot field tests during the ORNL Gunite waste retrieval and cross-site transfer campaigns.

b) Process Monitors for Cs-137 Column Breakthrough – This task became a 2-year program by PNNL to develop a pipeline gamma spectrometer for hot installation on a Cs-137 removal column at ORNL to monitor Cs-137 removal efficiency.  

c) Process Monitor for Tc-99 Column Breakthrough – This task became a 2-year program to develop a nuclear magnetic resonance technique at ANL for monitoring Tc-99 in a waste stream for Tc-99 removal processes.  For a slip-stream in a non-conducting tube material, ANL was able to demonstrate levels of detection at the Class A LLW criterion but only on the pertechnetate species.  

d) In-Tank Corrosion Monitor for Hydroxide, Nitrate, Nitrite – This task became a 5-year program between SRS and a private vendor to develop a variable depth Raman probe chemistry monitor for in-tank deployment at SRS.  During the development, a decision was made to combine corrosion rate electrodes with the Raman probe.  The probe was subjected to hot tests in archived waste solutions at SRS to test for sensitivity and potential solution fluorescence.  The combined probe head was built along with a reel type deployment platform and an umbilical cable to house service leads to the probe.  The probe was successfully demonstrated in a full-scale mock-up mode on top of a 45 foot platform at Richland and delivered to SRS. 

In FY99, two other major collaborative TFA/CMST monitoring tasks were initiated which included:

e) In-tank suspended solids monitor – This task was initiated by FIU to develop an in-tank device for monitoring suspended solids in SRS waste feed tanks prior to batch transfer.  The purpose of the monitor was to determine that the suspended solids were within the site specifications of  5-18 wt% to avoid the potential for plugging the tranfer line and to optimize water management.  By mid-FY02, a first generation full-scale prototype of the systems was fabricated, tested, and found to meet SRS performance specifications.  The prototype uses two Coriolis density meters housed inside a 6-inch diameter pipe about 10 feet long. One Coriolis meter monitors the slurry density while the other monitors the filtered carrier solution.  By the difference in density, wt% suspended solids are determined.   A demonstration of the dual Coriolis monitoring concept was also conducted in a hot mode at ORNL in the Solids Liquid Separations facility during a campaign to treat Melton Valley Storage Waste.  Due to changes in technical priorities at SRS by mid-FY02, the development of the in-tank suspended solids  & density monitor was redirected to an in-tank monitoring need at Hanford for a salt waste retrieval demonstration project in Tank S-112.

f) NDA pipeline monitor for Sr & TRUs – This task was initiated by PNNL to develop a non-intrusive pipeline monitor for wastes going to the Saltstone facility at SRS to verify that the waste acceptance criteria is being met.  The method for Sr-90 involved monitoring X-ray emission generated from the Bremsstrahlung effect of Y-90 beta radiation on the pipe walls.  The method for TRUs involved monitoring neutrons generated from alpha absorption by the O-18 and Na-23 in the liquid waste matrix (i.e., (-n reactions).  Laboratory feasibility tests were conducted using radioactive calibration standards to demonstrate that levels of detection were feasible for both methods and detailed designs documents were generated for estimating costs of fabrication of the monitors.  A first generation pipe-line TRU monitor was being fabricated in FY02 for delivery to SRS in FY03. 
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Points of Contact:

1. Tom Hylton, ORNL, Phone: 865-576-2225, E-mail: hyltontd@ornl.gov
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4. David Hobbs (for Raman chemistry probe), SRTC, Phone 803-725-2838, E-mail: david.hobbs@srs.gov
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RESIDUAL WASTE CHARACTERIZATION TO SUPPORT TANK CLOSURE ACTIVITIES

With the inception of the Hanford Tanks Initiative (HTI) in FY96, the TFA became involved in developing sampling tools, in-situ screening sensors, and deployment platforms for the characterization of residual tank waste in support of tank closure.  Under the HTI, the plan was to take up to 12 samples from the residual waste contained in a 1.1 million gallon underground Hanford storage tank 241-AX-104.  A truck mounted light duty utility arm (LDUA), which had been developed prior to the inception of the TFA via the EM-50 Underground Storage Tank-Integrated Demonstration Project, would have enabled partial sampling access to the floor, walls, and dome areas. A pneumatically actuated clam-shell sampler with a 50 cm3 capacity, a quick release mechanism for change out of the sample chamber, light, and video camera was designed for sampling the dried residue.  Other LDUA tools developed for use in tank AX-104 included a CdTe gamma spectrometer for surveying radiation levels and a magnetometer for surveying waste thickness.  All documentation and safety reviews for hot deployment of the LDUA and characterization end effectors into tank AX-104 were completed by mid-FY99 prior to an unexpected termination of the HTI project.

In FY98, TFA initiated a major effort with INEEL to prepare a LDUA (a skid mounted version similar to the truck mounted version at Hanford) for deployment and to develop an end effector (EE) for sampling residual waste heels in several of the INEEL 300,000 gallon underground storage tanks.  This effort involved a close working relationship between TFA and INEEL Operations as the LDUA moved through the various stages of systems testing, operator training, safety and readiness reviews, and deployment.  Concurrent with getting the LDUA ready for deployment, a sampling EE was developed that could sample up to 1200 cm3 of liquid and soft sludge.  To expedite remote operations, the EE included a light, video camera, gamma radiation detector, sample pump, and a detachable sample chamber.  Between FY99 and FY00, the LDUA was deployed into three different INEEL tanks to obtain several heel samples and visually inspect the tank interiors.  Based on lessons learned, the sampling EE was upgraded in FY01 to avoid some plugging problems encountered in the sampling campaigns and to provide a better dynamic range on the radiation detector.  TFA also worked with INEEL to develop manually deployed heel sampling devices that would be cheaper and simpler than the LDUA to deploy.  However, the manual samplers were limited to situations where off-riser sampling would not be required.  This resulted in the field deployment of two novel sampling devices for vault sump and residual waste heel sampling, each with a capacity for pulling up to 250 cm3 of sample. 

In FY00, TFA initiated work with WVDP to develop a sampling tool and in-situ survey tools for alpha, beta, and gamma radiation to characterize residual waste in a 750,000-gallon underground tank.  Under TFA sponsorship through the Robotics Cross-Cut Area, a burnishing sampler was developed at ORNL and deployed by WVDP in FY01 to obtain over 50 wall and support structure residual waste samples.  The sampler was deployed using a remotely operated tool delivery system called a Mast, which provided off-riser access to a large area of the tank. The sampler is designed to take a wall scrape sample from a metal surface using an air-driven flat-cut milling machine bit (1.25 cm in diameter and 0.076 cm deep). The shallow depth provides sampling without potential damage to the tank wall. A spring-loaded shroud provides a sufficient seal between the wall and the sample head so that solids are transported via a vacuum through a hole below the bit into a collection chamber with a small HEPA filter.  In addition to the burnishing sampler, the WVDP deployed a gamma camera to survey for Cs-137 profiles and two versions of a beta-gamma sensor to conduct radiation profiles on wall and support structure.  Based on correlation studies of the Sr-90 to TRU ratios in the burnishing samples from WVDP tank 8D-2 and calibration studies on the beta-gamma sensors, it was concluded that: 

a) Sr-90 could be used as a predictor isotope for mapping the TRU levels on the wall and support structure, and

b) a beta-gamma detector could be calibrated for conducting in-tank quantitative surveys of the TRU isotope inventory. 

References:

1.
M. S. Miller and D. L. Banning, “Tank 241-AX-104 Waste Characterization Data Quality Objective”, HNF-SD-WM-DQO-027, Rev. O (8/97).

2. A. F. Noonan et. al, “Technical Approach to Characterization of Residual Waste at Hanford Tank Sites in Site in Support of Waste Retrieval and Tank closure Alternatives”, pp. 101-116 in Science and Technology for Disposal of Radioactive Tank Waste, W. W. Schulz and N. J. Lombardo, Editors, Plenum Press, New York (1998).
3. Gary Troyer et. al., “Non-Destructive In-Situ Measurement of Radiological Distributions in Hanford Site Waste Tanks”, WHC-SA-2883-FP (10/95).

4. U.S. Department of Energy, “Light Duty Utility Arm Innovative Technology Summary Report”, DOE/EM-0406 (12/98).

5. Mike Patterson, “Light Duty Utility Arm Deployment in Tank WM-188”, INEEL/EXT-99-01302 (12/99).

6. INEEL, “Deployment Plan for the LDUA Modified Heel Sampling End Effector”, PLN-969 (9/01).

7. “Sampling and Analysis Plan for the Post Decontamination Characterization of WM-182 and WM-183 Tank Residuals”, INEEL/EXT-01-00666 (11/01).

8. James T. Beck, “Field Deployment Report for the Vault Sump Sampler”, INEEL/EXT-02-00031 (2/02).

9. Tom R. Thomas, “Review of Analytes of Concern & Sample Methods for Closure of DOE High Level Waste Storage Tanks”,  Proceedings of Spectrum 2002 held in Reno Nevada, August 4-8, 2002.

10. U. S. Department of Energy, “Heel Sampling End Effector Innovative Technology Summary Report”, DOE/EM-0539 (6/00).

11. Steve Killough, “A Sampling End Effector for Steel Waste Tank Walls”, in Proceedings of the American Nuclear Society 9th Topical Meeting on Exhibition of Robotics and Remote Systems Conference, Session 2a, Seattle, Washington (March 4-2, 2001).

12. Dan Meess, “High-Level Waste Cleaning and Field Characterization at the West Valley Demonstration Project”, in Proceedings of Waste Management ’02 Conference, Session 27, Tucson Arizona (February 24-28, 2002).

13. “Tank 8D-2 Characterization: The Statistical Comparison of Postwash to Prewash TRU to Strontium-90 Ratios- Randomization Tests”, URS Report 212-110, R1, June 2002.

14. Harold L. Spector, “Calibration of the Beta-Gamma Detector Systems for the Investigation of High-Level Waste Tank Radionuclide Inventory at the WVDP”, URS Report 2002-197, Revision 1 (5/02).

Points of Contact:

1. Dave Banning, CHG, Phone: 509-375-2499, E-mail: davey_l_dave_banning@rl.gov
2. Gary L. Troyer, Fluor Hanford, Phone: 509-373-1572, E-mail: gary_l_troyer@rl.gov
3. David Dodd, Bechtel Hanford, Phone: 509-371-5297, E-mail: dadodd@bechtel.com
4. Mike Patterson, INEEL, Phone: 208-526-5525, E-mail: mpatters@inel.gov
5. Tom Thomas, INEEL, Phone 208-526-3086, E-mail: trt@inel.gov
6. Jim Beck, INEEL, Phone 208-526-6112, E-mail: bec@inel.gov
7. Laurene Rowell, WVDP, Phone: 716-942-4985, E-mail: rowelll@wvnsco.com
8. John Fazio, WVDP, Phone: 716-942-4399, E-mail: fazioj@wvnsco.com
Safety

Safety is a paramount concern when providing technologies that deal with radioactive waste stored in underground tanks across the nation. The technologies employed in characterization, retrieval, pretreatment, immobilization, and closure must keep workers, members of the public, and the environment safe. The Tanks Focus Area is investing in technologies to reduce risks during tank farm operations. In addition, safety is a routine consideration in all technology development activities funded by the Tanks Focus Area.

The following information provides a brief summary of key safety projects funded by the Tanks Focus Area between 1995-2002, and a reference list of selected reports related to these projects. Points of contact are provided, where applicable.

IN SITU REGENERABLE HEPA FILTER

High efficiency, particulate, air (HEPA) filters are used throughout the DOE complex to ensure that air emissions of radioactive particulates from tanks and waste-processing operations are not released to the environment.  Filters are generally constructed of a 0.013-in.-thick glass fiber material.  Required minimum HEPA standards include 99.97% capture of 0.3-micron-diameter aerosol particles.

The Westinghouse Savannah River Company located at the Savannah River Site (SRS) in Aiken, South Carolina is currently testing two types of filter media for application as in situ regenerable/cleanable filters on high-level radioactive liquid waste tanks. Each of the 1.3 million-gallon tanks is equipped with an exhaust ventilation system to provide tank ventilation and to maintain the tank contents at approximately 1-in. water gauge vacuum to prevent the release of radioactive material to the environment.  These systems are equipped with conventional, disposable, glass-fiber, High Efficiency Particulate Air (HEPA) filters that require frequent removal, replacement, and disposal. The routine replacements are often caused by structural weakening or accelerated filter loading due to the moist operating environment. This is not only costly, but subjects site personnel to radiation exposure and possible contamination.

The types of filter media being tested, as part of a National Energy Technology Laboratory procurement, are sintered metal provided by Mott Corporation and monolith ceramic membrane from CeraMem Corporation. The media were subjected to a hostile 
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Figure 1. Full-Size Ceramic and Sintered Metal Filters
environment to simulate conditions that challenge the tank ventilation systems.  The environment promoted rapid filter plugging to maximize the number of filter loading/cleaning cycles that would occur in a specified period of time.  The filters were challenged using simulated high level waste materials (no radioactive materials) and atmospheric dust; materials that cause filter pluggage in the field. Cleaning solutions tested included water, mild nitric acid and caustic solutions.

The study found that both filter media were insensitive to high humidity or moisture conditions and were easily cleaned in situ.  The filters regenerated to approximately clean filter status even after numerous plugging and in situ cleaning cycles. The filters were leak tested using poly alpha olefin aerosol at the beginning, middle, and end of the test campaign.  Both the sintered metal and ceramic filters passed the challenge test with an efficiency of a conventional HEPA filter (99.97% or greater) each time.

The sintered metal and ceramic filters not only can be cleaned in situ, but also hold great potential as a long life alternative to conventional HEPA filters. The Defense Nuclear Facility Safety Board Technical Report entitled HEPA Filters Used in the Department of Energy’s Hazardous Facilities found that conventional glass fiber HEPA filters are structurally weak and easily damaged by water or fires.  The structurally stronger sintered metal and ceramic filters would reduce the potential of a catastrophic HEPA filter failure due to filter media breakthrough in the process ventilation system.  An in situ, regenerable, system may also find application in recovering nuclear materials, such as plutonium, collected on glove box exhaust HEPA filters. This innovative approach of the in situ regenerative filtration system may be a significant improvement upon the shortfalls of conventional disposable HEPA filters.
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CORROSION CONTROL AND MONITORING

Underground storage tanks, which are made of mild or stainless steel, are used to contain high-level radioactive liquid waste generated by weapons production or nuclear fuel reprocessing activities at several Department of Energy (DOE) sites. Corrosion and tank integrity of these tanks are major issues. Historically, corrosion monitoring and control have been provided through waste chemistry sampling and analysis programs or by monitoring of corrosion coupons placed in the tanks. In the first process, tank waste is sampled, analyzed and compared to guidelines established from an extensive laboratory test program, which used simulated waste. Therefore, tank wall corrosion is inferred from waste chemistry analysis. The corrosion coupon measurement method requires removal of coupons placed in the waste that simulate the materials and stress state of the tank materials and fabrication methods. Both of these methods are expensive and time consuming, and neither yields real-time corrosion information.

Corrosion can be monitored through coupon exposure studies and a variety of electrochemical techniques. A small number of these techniques have been used to determine the corrosivity of the wastes. Coupon exposure programs, linear polarization resistance (LPR), and electrical resistance techniques have all been tried with limited degrees of success. These techniques are most effective for monitoring uniform corrosion, and are not well suited for early detection of localized forms of corrosion such as pitting and stress corrosion cracking (SCC). Pitting and SCC have been identified as the primary modes of corrosion failure for the tanks.

In recent years, a new corrosion monitoring system has shown promise in detecting localized corrosion and measuring uniform corrosion rates in process industries. The system measures electrochemical noise (EN) generated by corrosion. The term EN is used to describe low frequency fluctuations in measured current and voltage associated with corrosion. In their most basic form, EN-based corrosion monitoring systems monitor and record these fluctuations over time from electrodes immersed in an environment of interest. Laboratory studies and field applications have shown that different types of corrosion create different patterns of current and voltage fluctuations. By monitoring the EN produced by corrosion on electrodes immersed in waste tanks, waste tank corrosion conditions can be observed in real-time and lead to improved tank management.

In early FY 1996, the Tanks Focus Area (TFA) of the DOE launched an effort to develop EN technology for use in a wide variety of tanks and with disparate chemistries. The initial deployment of this promising technology were fixed-height, mast-mounted, systems for Hanford’s corrosion control program for mild steel tanks containing highly caustic waste. The addition of EN electrodes to a variable depth, corrosion and chemistry probe employing Raman spectroscopy at the Savannah River Site was the next step. The Oak Ridge Reservation recently added EN capability to one of their stainless steel tanks containing caustic wastes. A program was recently initiated between AEA Technologies and Idaho National Engineering and Environmental Laboratory to ascertain the applicability of EN-based systems to stainless steel tanks containing acidic waste solutions that contain chlorides and fluorides. 
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TANK LEAK MITIGATION

SRS has waste tanks that have exceeded their original design life and are expected to be in use for up to an additional 30 years. Several of the Type I and Type II SRS waste tanks (double-shell tanks) have small leak sites. No plans currently exist to build additional waste storage tanks; therefore, it is essential to be able to repair existing tanks until all the waste can be processed or removed.  In addition to having to address high radiation rates, repair of SRS waste tanks is further complicated by the restrictive access to the tanks and their associated leak sites.  Access is limited to small diameter (as small as 5 in.) ”risers.” Repair technologies must also be compatible with the tank materials of construction, the waste material, and the tank environment.

The Tank Remote Repair System (TRRS) will access a targeted leak site via the double-shell tank annulus. This is the space between the primary tank wall and a secondary containment structure.  The TRRS will include a magnetic wall crawler (with an on-board camera), a control console, a vehicle tether, and a leak mitigation system (LMS).   The crawler, carrying the LMS, will be introduced into the tank annulus through an access riser and deployed onto the external surface of the primary tank wall where it will navigate until it reaches the targeted leak site. Upon reaching the leak site, the LMS will be deployed, and the site will be sealed using the approved sealing approach. Following this operation, a test will be performed to confirm that the site has been properly sealed and the tank surface has not been adversely affected. The crawler and the LMS will be controlled from the operator-control console located on the tank top, in close proximity to the access riser.  The picture below shows a magnetic inspection wall crawler in use in an SRS waste tank annulus.  This crawler is similar to the crawler that will be used in the TRRS.  The TRRS crawler will be fitted with a remotely operated leak mitigation deployment system that will be used to apply the approved sealing device.

By the end of FY02, the conceptual design of the TRRS will be documented in a Conceptual Design Report (CDR).  Additionally, a test bed that will be used to test/demonstrate the TRRS will be constructed.  This test bed will consist of a section of a waste tank wall, including a riser access port and a removable panel to introduce different flaws into the test bed.  

Construction of the test bed is nearing completion.  It will be completed by the end of August.  The conceptual design of the TRRS is progressing and will be completed by the end of the fiscal year.  
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TANK INTEGRITY INSPECTION TECHNIQUES

Several Department of Energy (DOE) sites, including the Savannah River Site (SRS) and the Hanford Site have waste storage tanks that have exceeded their original design life.  These waste tanks are expected to be in use for up to an additional 30 years. No plans exist at this time to build any additional waste storage tanks; therefore, it is essential to be able to perform periodic assessments of these tanks to ensure that their integrity is maintained during this extended service period.  Remotely controlled magnetic wall crawlers equipped with cameras and ultrasonic transducers have been used to visually and ultrasonically inspect tank walls, weld areas, and leak sites.  

One of the key elements in ensuring the integrity of the Hanford’s Double-Shell Tanks (DSTs) is the examination of the knuckle region of the primary tank.  This examination poses a significant technical challenge because the area that requires examination is not accessible using conventional measurement techniques.  Various structural analyses have generally indicated the maximum tensile stress on the inside surface of the tank is located at the intersection of the curved lower knuckle and the flat bottom of the tank.  This stress is primarily due to bending from gravity loads, which create tensile stress on the inside and compressive stress on the outside surface of the tank.  This bending stress condition could give rise to stress corrosion cracking (SCC) which would tend to be circumferentially oriented.  To address this inspection need, the Pacific Northwest National Laboratory (PNNL) has developed a system capable of examining the entire knuckle region.  The remotely operated nondestructive examination (RONDE) system utilizes an advanced signal processing method known as Synthetic Aperture Focusing Technique (SAFT) to introduce sound waves from above the knuckle region where access is readily achieved and examine the knuckle region below.  The sound is divergent in nature and propagates around the knuckle and along the bottom of the waste tank.  The SAFT technique provides a detection and location method for cracks in the knuckle region.  An advanced nondestructive evaluation (NDE) method known as Tandem SAFT or TSAFT utilizes two transducers in a pitch-catch mode to characterize the detected crack.  TSAFT has the ability to accurately size the crack both in length and depth.  The RONDE system shown below has been acceptance tested and is currently being qualified through a performance demonstration test (PDT).  Once the PDT, which tests the equipment, operator, and procedure, is completed, the system will be ready for deployment into a Hanford tank annulus at the end of FY02.
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Due to the limited size/number (as small as 5 inches in diameter) of access risers on some SRS tanks and limitations of existing crawlers, only 25% of the total primary tank walls can be examined using existing equipment. 

SRTC and PNNL are collaborating on the integration of a commercially procured wall crawler, a commercially available P-Scan Ultrasonic Testing (UT) system (for tank wall and upper knuckle region inspection), and a custom-developed UT system (for “below-the-knuckle” inspection).  PNNL is currently developing a UT method known as Synthetic Aperture Focusing Technique/Tandem Synthetic Aperture Focusing Technique (SAFT/TSAFT) using synchronized scanning probes to ultrasonically examine the below-the-knuckle region while remaining on the vertical wall surface.  A new technology crawler that can accommodate both UT systems (“P-Scan” and SAFT/TSAFT) and that has greater coupling force and higher ground clearance will be obtained by SRTC from a commercial vendor.  SRTC will work with PNNL to integrate the various systems and components.  The system known as the small roving annulus inspection vehicle (SRAIV), carrying the UT inspection equipment and cameras, will be introduced into the tank annulus through an access riser and deployed onto the external surface of the primary tank wall.  The system will then navigate along the exterior surface of the wall until it reaches the area of interest.  Upon reaching the inspection site, the appropriate UT system will be deployed, and the site will be inspected. The crawler and UT systems will be controlled from an operator control console located on the tank top, in close proximity to the access riser. The picture below shows a magnetic inspection wall crawler in use in an SRS waste tank annulus.  This crawler is similar to the crawler that will be used in the SRAIV.

By the end of FY02, the SRAIV will be demonstrated on a tank wall mockup currently being constructed.  Additionally, a technical progress summary report of SRAIV activities will be completed.

Construction of the tank wall mockup is nearing completion.  It will be completed by the end of August.  PNNL is nearing completion of the SAFT/TSAFT system, and the commercial crawler has been procured/received.  Integration and demonstration of the system will take place in September.  
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NON DESTRUCTIVE EVALUATION TECHNIQUES

As various issues make the continued usage of high-level waste storage tanks attractive, there is an increasing need to sharpen the assessment of their structural integrity.  One aspect of a structural integrity program, nondestructive evaluation, is the focus of this task.  In September 2000, a program to support the sites was initiated jointly by Tanks Focus Area and Characterization, Monitoring, and Sensor Technologies Crosscutting Program of the Office of Environmental Management, Department of Energy (DOE).  The vehicle was the Center for Nondestructive Evaluation, one of the National Science Foundation’s Industry/University Cooperative Research Centers that is operated in close collaboration with the Ames Laboratory, USDOE.  The support activities that have been provided includee the organization of a series of annual workshops to allow the sites to share experiences and develop coordinated approaches to common problems, the development of an electronic source of relevant information, and assistance of the sites on particular technical problems. The latter included both short-term technical assistance and the development of new technologies.  Among the technical assistance activities were support of the development of the electrochemical noise technique (including analysis of data and participation in a peer review), participation in a workshop on vapor phase corrosion, and assessing the effectiveness of magnetic techniques to assess the composition (and hence the mechanical properties) of steels of unknown origin.  New technologies developed included a guided wave ultrasonic technique utilizing couplant-free, electromagnetic-acoustic transducers (EMATs) to rapidly screen for inner wall corrosion in tank walls, simulation tools for the theoretical analysis of ultrasonic wave propagation in curved plates to support the interpretation of tandem synthetic aperture focusing data to detect flaws in the knuckle region of double shell tanks, and a spread-spectrum ultrasonic technique to gain information about the structural integrity of concrete domes.
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