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ABSTRACT

A settlement agreement between the State of Idaho and the United States
Department of Energy mandates that all sodium-bearing waste at the Idaho
Nuclear Technology and Engineering Center, within the Idaho National
Engineering and Environmental Laboratory, be treated by December 31, 2012.
Detailed feed compositions are needed to design a facility to treat this waste. This
report presents the expected volumes and compositions of these feed streams and
the sources and assumptions used in determining them.
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SUMMARY

A sodium-bearing waste (SBW) treatment facility will treat liquids and
solids contained in existing tanks at the Idaho Nuclear Technology and
Engineering Center (INTEC). The treatment facility will also treat additional
liquid waste, called newly generated liquid waste (NGLW) that will be generated
after 2005 and stored in separate tanks from the SBW.

This report presents the most recent compilation of volumes and
compositions of the feed streams to the treatment processes. This report also
identifies the assumptions and source documents used in calculating the
treatment process feed compositions and the uncertainties in these compositions.
Feeds to the treatment process will include SBW from Tanks WM-187, WM-
188, and WM-189, and NGLW from Tanks WM-100, WM-101, and WM-102.

Tank WM-189 presently contains waste near its administrative capacity
and no additions to this tank are expected. As of June 1, 2004, Tank WM-188
contained about 259,000 gallons of waste. Approximately 26,000 gallons of
additional waste will be added to Tank WM-188 by the end of FY 2005. The
composition presented in this report for waste in Tank WM-189 is based on
sample analyses. The projected composition of waste in Tank WM-188 (when
full) is based on analyses of a sample taken when the tank was approximately
75% full, analyses of wastes added to the tank since that time and estimated
compositions of wastes that will be added to the tank.

Tank WM-187 presently contains heels that have been flushed from six
other Tank Farm Facility (TFF) tanks. The dilute liquid waste in the tank is
presently being evaporated to make room for concentrated waste from Tank
WM-180. Transfers in and out of Tank WM-187 are expected to be complete by
the end of FY 2005. A projected composition of the final waste in WM-187 is
contained in this report, and is based on compositions of the different wastes that
make up the final tank contents. Because of the tank heels collected in Tank
WM-187, this tank has the highest undissolved solids content of any of the tanks.

Based on projections of the volumes of NGLW streams generated between
now and the end of 2012, a composition of the total NGLW as of 2012 has been
calculated and is presented in this report. For some NGLW streams, chemical
composition data are available and have been used in generating the treatment
facility feed composition. However, data for radionuclide concentrations in
NGLW are extremely limited. Thus, radionuclide concentrations in NGLW are
based on data for SBW. Starting in FY 2006, NGLW will be collected in tanks
WM-100, WM-101, and WM-102.

Supplemental feed characterization data presented in this report includes
liquid and solids properties, analysis data for past tank solids samples, estimates
of uncertainties in tank compositions, and concentrations of organic species in
SBW.



Analyses have been performed on 11 samples of tank solids from eight
TFF tanks. These analyses provide data of both the chemical and physical
properties of the solids. Tank solids have been found to be largely amorphous
and contain high concentrations of Si, P, Zr, O, and Al. Equipment limitations
have prevented obtaining a well-mixed sample of solids in Tank WM-187.
Analysis data of solids from Tank WM-187 reflects this fact and suggests that
compositional changes may occur during transfer of solids from one tank to
another.
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GLOSSARY

Alternative: A holistic solution for sodium-bearing waste (SBW) treatment, including the process/tech-
nologies used, and in the larger context, the program/project and its cost, schedule, and regulatory and
stakeholder environment.

Calcine/MACT or “CMACT”: An SBW treatment alternative that includes upgrades to the calciner in the
NWCEF, a new Maximum Achievable Control Technology (MACT) compliance facility, a scrub treatment
process, and possibly a new calcine packaging facility.

CsIX or Cesium lon Exchange/TRU Grout: An SBW treatment alternative that includes filtration of
solids, cesium removal by ion exchange and one of several possible methods for stabilization of the
cesium-free contact-handled transuranic (TRU) waste, namely, grouting, absorption on silica gel or
absorption on another sorbent. The baseline process is grouting and the name would change if another
stabilization method were chosen.

Direct Evaporation: An SBW treatment alternative involving concentration of SBW by evaporation to the
extent that it solidifies upon cooling into a disposable waste.

Heels: The initial residual volume left in the Tank Farm tanks consisting of concentrated SBW liquid and
tank solids after removal of the liquid waste by existing steam jets.

Newly Generated Liquid Waste: Liquid waste from a variety of sources that in the past has been
evaporated and added to the liquid waste in the below-grade tanks at INTEC. Sources include leachates
from treating contaminated high efficiency particulate air filters, decontamination liquids from INTEC
operations that may or may not be associated with INTEC waste management activities, and liquid wastes
from other INEEL facilities. INTEC has historically used this term to refer to liquid waste streams (past
and future) that were not part of spent fuel reprocessing. NGLW will be stored along with SBW in the
TFF tanks until September 2005 whereupon present plans call for its segregated storage. Since it is mixed
with the existing SBW in the TFF tanks it does not formally exist as a separate entity and will not until
segregation starts in 2005.

Sludge: The mixture of tank solids and interstitial liquid.

Sodium-bearing waste: The term is non-specific and can range in meaning from SBW liquid minus tank
solids to all Tank Farm tank contents (SBW liquid and all tank solids). SBW is mixed hazardous,
radioactive waste generated as a by-product of spent nuclear fuel reprocessing. It consists in minor part of
second and third cycle extraction wastes but is mostly made up of decontamination solutions used over
the years in support of operations. It is relatively high in sodium and potassium content from the solutions
used for decontamination. Hence the name, SBW, and its separate tracking and management at INTEC.
SBW is high in transuranics (TRU) and is best characterized as mixed transuranic waste.

Steam Reforming: An SBW treatment alternative involving heating SBW with additives and steam to
form a solid particulate waste.

Tank solids: Any and all solids contained in the Tank Farm tanks.
Tank solids, settled: Heavier tank solids that lay at the bottom of the tanks.

Tank solids, entrained: Tank solids, both suspended and settled, that are sucked up by the steam jets and
transported with the liquid SBW to further treatment.

xiii
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Feed Composition for the Sodium-Bearing Waste
Treatment Process

1. INTRODUCTION

Radioactive liquid waste has been generated over the last five decades at the Idaho Nuclear
Technology and Engineering Center (INTEC), formerly called the Idaho Chemical Processing Plant, as a
result of nuclear fuel reprocessing activities. From December 1963 until June 2000, the Waste Calcining
Facility (WCF) and the New Waste Calcining Facility (NWCF) processed the liquid waste into a granular,
solid form. As of June 1, 2004, approximately 960,000 gallons of waste remained in Tank Farm tanks at
INTEC.* Waste in the Tank Farm is referred to as sodium-bearing waste (SBW). Additional liquid waste,
called newly generated liquid waste (NGLW), is being generated and will be generated in the future as a
result of filter leach operations, equipment and building decontamination activities, Resource
Conservation and Recovery Act (RCRA) closure activities, and other operations at INTEC.

Five processes have been developed and evaluated for treating these wastes (Barnes 2004).

. Cesium ion exchange (CsIX) followed by immobilization of the ion exchange effluent

. Calcination using the NWCF with an upgraded off-gas treatment system to comply with Maximum
Achievable Control Technology (MACT) standards

. Steam reforming

. Direct evaporation

. Vitrification.

Feasibility studies have been performed on each of these treatment alternatives. To perform
conceptual and detailed designs, feed compositions, volumes, and properties are needed. This report
presents a compilation of SBW and NGLW feed characterization data.

Based on present Tank Farm management plans, the feed to any SBW/NGLW treatment process is
expected to be stored in six tanks. SBW will be stored in three Tank Farm tanks — WM-187, WM-188,
and WM-189. These tanks each have a capacity of 300,000 gallons. NGLW will be stored in three
18,400-gal tanks — WM-100, WM-101, and WM-102. Solids contained in heels from other Tank Farm
tanks have been flushed to tank WM-187. Thus, Tank WM-187 contains a relatively high proportion (~7
wt %) of solids. Waste in WM-188 and WM-189 have a lower proportion (<1 wt %) of solids.

1.1 Source Characterization Data and Documents

Over the years, numerous compilations of Tank Farm waste compositions have been prepared for
different purposes. Documents that contain information relevant to present or future tank compositions
are briefly described below.

* This volume excludes about 35,000 gallons of flush water remaining in Tanks WM-181, -182, -183, -184, -185 and -186.



111 Historical and Present Tank Farm Liquid Composition

Engineering Design File (EDF) 1598 contains a brief review of previous documents containing
Tank Farm composition data, a compilation of Tank Farm liquid composition analytical data up through
January 2000, estimates of Tank Farm solids volume, and an estimate of NGLW composition.

1. M. D. Staiger, C. B. Millet, R. A. Nickelson, R. A. Wood, A. Chambers, 2001, “Tank Farm
Facility, Tank and Waste Data, ” Engineering Design File EDF-1598, February 27, 2001.

EDF-1598 compiles analytical results of samples taken from each of the Tank Farm tanks
consistent with the liquid waste present in the tanks as of late 2000. In addition, a waste composition for
each tank is presented based on averages of analytical results, for those species for which data are
available, and estimates for other chemical and radionuclide species. Estimates were based on
calculations by Doug Wenzel using ORIGEN2 assuming concentrations in SBW are proportional to all
the fuel processes at INTEC over the life of the plant. The results of these calculations for a theoretical
average SBW were used to estimate individual species and tank concentrations by assuming that the ratio
of the individual species to "*’Cs in the waste is proportional to the ratio of the individual species to "*'Cs
in the “Average SBW”. Wenzel’s calculations are documented in the following reports:

2. D. R. Wengzel, 1997, “Evaluation of Radionuclide Inventory for Sodium-Bearing Waste,”
Engineering Design File EDF-FDO-006/CPP-97080, November 26, 1997.

3. D. R. Wengzel, 1999, “Calculation of July 1999 Radionuclide Inventory for Sodium-Bearing
Waste,” INEEL Interoffice Correspondence, Wen-20-99, May 18, 1999.

4, D. R. Wenzel, 2000, “Calculation of July 1999 Inventories for INTEC Wastes,” INEEL Interoffice
Memorandum, Wen-27-99, originally issued November 7, 1999 and reissued with corrections
August 2000.

5. D. R. Wenzel, 2002, “Relative Inventories of Reactor-Produced Species in INTEC Waste Types,”
Engineering Design File EDF-CRPD-001, November 4, 2002.

Clark Millet maintains a spreadsheet known as the “Tank Farm Composition Database” that
includes sample analyses data as well as summary concentrations for each Tank Farm tank. The tables
contained in EDF-1598 (Staiger 2001) of both analyses data and summary averages and estimates reflect
the Tank Farm Composition Database spreadsheet that was current at the time EDF-1598 was being
prepared. A later documentation of summary tank compositions is given in:

6. C. B. Millet, 2003, “Composition of Tank Farm Waste as of October 2002,” INEEL Interoffice
Memorandum Mil-07-02, December 12, 2002 (reissued with one correction September 24, 2003).

Updates to the Tank Farm Composition Database continued after publication of EDF-1598 as described
in:

7. D. R. Tyson, 2002, “Validation of the Radionuclide Mass Balance Used in the INTEC SBW WIR
Determination Report,” Engineering Design File EDF-1920, Revision 4, August 29, 2002.

8. M. C. Swenson, 2003, “Validation of the Radionuclide Inventory and Mass Balance Used in the
INTEC SBW and Tank Farm Residuals WIR Determination Reports,” Engineering Design File
EDF-1920 INEEL/EXT-2001-534, Revision 5, October 24, 2003.

For the Tank Farm, EDF-1920 reports only radionuclide inventories, and although updated as of
late 2003, reports the waste radionuclide inventories as of July 1, 1999.



In early FY 2003 the Tank Farm Composition Database was again updated to:

e Incorporate analysis data from samples taken from Tank WM-180 in 2000

e Incorporate analysis data from samples taken from Tank WM-189 in 2002

e  Update the waste volumes and radionuclide decay basis from July 1, 1999 to January 1, 2003
e Adjust the waste compositions in WM-182 and WM-183 due to water flushes of these tanks

o  Adjust the WM-185 waste composition due to additions of water and waste from WM-183
transferred in 2000 and 2001

e Adjust the waste composition of WM-187 due to additions of waste to the tank in 2002

e Incorporate additional updates by Doug Wenzel of ORIGEN?2 calculations of SBW
radionuclide inventories.

The Tank Farm Composition Database serves as the common source and control point for all
estimates of present Tank Farm liquid waste composition. The composition will be updated again when
all the waste is contained in the three Tanks WM-187, -188, and -189 and the other tanks have been
rinsed.

Jerry Christian evaluated data from samples taken in 2000 of Tank WM-180 waste and
recommended a surrogate composition for waste from this tank. A comparison of the Tank WM-180
liquid composition based on 2000 sample analyses with analyses of samples taken in 1993 is given in
Table 34 (see Section 3.3). Christian’s report also contains compositional data for the solids in WM-180,
both analytical data and results of thermodynamic modeling, and a recommended composition for
simulating WM-180 waste.

9. J. D. Christian, 2001, Composition and Simulation of Tank WM-180 Sodium-Bearing Waste at the
Idaho Nuclear Technology and Engineering Center, INEEL/EXT-2001-00600, May 2001.

The SBW in Tank WM-180 will be concentrated by evaporation in late 2004, and the concentrate
sent to Tank WM-187. The analysis reported by Christian was used to simulate the evaporation of this
waste and calculate the expected future composition of Tank WM-187. The simulation was performed
using Aspen Plus, with ASPEN property models tuned to data from historical evaporation of INTEC
wastes.

10. J. A. Nenni, 2004, “ETS Process Parameter and Outlet Stream Predictions for WM-180 Feed,”
INEEL Interoffice Memeorandum to J. P. Law, JAN-04-04, February 16, 2004.

Tom Batcheller and Dean Taylor evaluated liquid and solids analytical data from FY 2002
WM-189 samples and present their results in the document below. In addition to a recommended
composition for Tank WM-189 waste, Batcheller and Taylor present uncertainties associated with each
component concentration. No additional waste has been or will be added to Tank WM-189; hence the
composition for this tank at the time of treatment will be the same as the analyses reported by Batcheller
and Taylor.

11. T. A. Batcheller, D. D. Taylor, 2003, Characterization of Tank WM-189 Sodium-Bearing Waste at
the Idaho Nuclear Technology and Engineering Center, INEEL/EXT-02-01171 Rev. 1, July 2003.

Samples from Tank WM-188 were taken in late November 2002 and analyzed in 2003. The
reference below contains the results of the analyses for both liquids and solids from the tank. In contrast



to the procedure used for Tank WM-189 solids, the solids from WM-188 were washed with water prior to
analysis. Tank WM-188 was approximately 75% full when sampled, and additional waste has been and
will continue to be added to WM-188 through FY 2005

12. V.. Johnson, R. L. Demmer, T. A. Batcheller, 2003a, Characterization of Tank WM-188 Sodium-
Bearing Waste at the Idaho Nuclear Technology and Engineering Center, INEEL/EXT-03-00478,
June 2003.

1.1.2 Tank Solids Compositions

Samples of undissolved solids have been taken from Tank Farm tanks on eleven occasions.
Christian (2001), Batcheller (2003) and Johnson (2003a) report analyses of solids from Tanks WM-180,
WM-189 and WM-188 respectively. Waste from each of these tanks was transferred by steam jet to a tank
in the NWCF blend and hold cell, where it was sampled. Solids contained in the samples were thus solids
entrained with the liquid waste during jet transfer.

Samples of the heel in Tanks WM-182, WM-183, and WM-188 were taken directly using the Light
Duty Utility Arm (LDUA) sample end effector. Results of the analyses of these samples are contained in
the following reports:

13. M. Patterson, 1999, Light Duty Utility Arm Deployment in Tank WM-188, INEEL/EXT-99-01302,
December 1999.

14.  Idaho Hazardous Waste Management Act/Resource Conservation and Recovery Act Closure Plan
for Idaho Nuclear Technology and Engineering Center Tanks WM-182 and WM-183,
DOE/IC-10802, (2001) Appendix B, “Data Summary for Tanks WM-182 and WM-183,” DOE/ID-
10802, November 2001.

15.  A. Poloski, 2000a, “Solids Characterization,” Engineering Design File EDF-TST-001,
September 20, 2000.

The above two references contain chemical and physical property data for solids that were present
in the heels of Tanks WM-182 and WM-183 when sampled in 2000. Solids from these two tanks have
since been flushed to Tank WM-187.

Revision 4 of EDF-1920 (Tyson 2002) includes a summary of the inventory of radionuclides in
each tank, and makes a significant correction to the *’Cs concentration of WM-182 solids reported by
Poloski. The radionuclide inventories shown by Tyson for tanks other than WM-182, WM-183, and
WM-188 are estimates.

Johnson and Demmer report the results of analyses of a sample taken from Tank WM-181 in 2003.
Solids in WM-181 were flushed to Tank WM-187 in mid-2004.

16. V.. Johnson, R. L. Demmer, 2003b, Characterization of Tank WM-181 Sodium-Bearing Waste
Solids at the Idaho Nuclear Technology and Engineering Center, INEEL/EXT-03-00979,
September 2003.

Mike Swenson compiled some older analyses of tank solids, includes a description of sources of solids
that went into the Tank Farm tanks and also includes some data that show how solids composition varies
with particle size. While the analyses he reports do not represent solids in any present tank, the data is
useful in determining the potential range of solids composition.



17. M. C. Swenson, 1992, “Historical Tank Farm Sample Results,” INEL Correspondence, MCS-
27-92, December 17, 1992.

WM-187 was sampled multiple times in late 2003 and early 2004, and results of the analysis of
solids from these samples are reported in Section 3.2 of this report. Characterization of solids from Tank
WM-186 was performed in 2003 as part of work to develop a tank solids simulant, and the results
reported in Revision 3 of this report (Barnes 2003). A summary composition is retained in this report (see
Table 28). Techniques used to characterize the solids included transmission electron microscopy,
scanning electron microscopy, x-ray fluorescence, and x-ray diffraction. Some of these analyses were
repeated for a sample of Tank WM-187 solids taken in late 2003; some of these results will be contained
Wendt, 2004 (see #20 below). Additional results from these analyses will be discussed in a report to be
written by Stuart Janikowski and published later this year.

1.1.3 Tank Solids Mass Estimates and Properties

EDF-TST-001 (Poloski 2002a) gives estimates of the volume of “sludge” (the solids/liquid residual
in a tank after removing liquid waste) in each tank. Poloski used these estimated tank sludge volumes
plus a solids concentration as documented in EDF-15722-040 (see the reference below) to derive
estimates of the mass of tank solids present in each tank.

18.  A. P. Poloski, 2000b, “INTEC Tank Farm Sludge Density Measurements/Calculations,”
Engineering Design File 15722-040, July 12, 2000.

Poloski’s estimates of the mass of tank solids have been used in INTEC Waste Incidental to
Reprocessing (WIR Determination) documents and various SBW treatment mass balances made in
previous years. New estimates are proposed in Section 3.1 of this report for use in Conceptual Designs
for SBW treatment alternatives.

Poloski (2002b) also documents the volume fraction of solids in WM-183 sludge and the solids
particle density from measurements of the mass and volume of the sludge sample, the weight fraction of
water in the sludge, and the density of water. EDF-TST-001 (Poloski 2002a) includes particle size
distribution data for solids from Tanks WM-182 and WM-183 and settling rate data for solids from Tank
WM-182. Christian (2001) includes particle size distribution data for Tank WM-180 solids. Batcheller
(2003) presents particle size distribution data for solids from WM-189 as well as other solids and sludge
properties. A summary of solids property data including that for the most recent sample from Tank WM-
187 is presented in Section 3.5 of this report. Additional solids property data has been obtained in
conjunction with the development of simulants for SBW solids. The initial stimulant development work
was performed at the Savannah River Technical Center and is reported by John Harbor:

19. J. R. Harbour, R. F. Schumacher, A. Choi, A. K. Hansen, 2002, Development of an Initial Simulant
for the Idaho Tank Farm Solids, WSRC-TR-2002-00436, November 11, 2002.

Continued characterization of physical properties of tank sludges for the purpose of stimulant
development has been performed and reported by Dan Wendt. Wendt includes data for sludge density,
viscosity, and settling rates for different sludge solids concentrations as well as actual waste.

20. D. Wendt, 2004, INTEC SBW Solid Sludge Surrogate Recipe and Validation, ICP/EXT-04-00415
Rev. 0, June 2004.



11.4 NGLW Stream Volumes and Compositions

Joe Nenni compiled compositional data for NGLW streams based on analysis of samples taken
from FY-1999 through FY-2002. He includes compositional data for cations, anions, pH or acidity,
undissolved solids (UDS), total inorganic carbon (TIC), total organic carbon (TOC), semi volatile organic
compounds, and volatile organic compounds. No radionuclide compositional data are included.

21. J. A. Nenni, 2002, “Balance-of-Plant Sample Data Compilation,” Engineering Design File,
EDF-2506, September 2002.

Julia Tripp compiled NGLW compositional data from sample analysis prior to FY-1999.
Compositions are provided by NGLW stream and include, when available, radionuclide activities.

22. J. L. Tripp, 1998, Supporting Information for the INEEL Liquid Waste Management Plan,
Appendix B, INEEL/EXT-98-00730, July 1998.

The latest projections of the volumes of wastes that will be generated by various operations at
INTEC are given in the following document:

23. R. Demmer, 2002, INTEC Waste Minimization Plan, PLN-225, October 15, 2002.

Demmer also includes a comparison of projections with actual generation rates for NGLW streams
in each of the years 1998-2001. Following the guidelines of PLN-225, volumes of waste projected to be
generated from 2004-2012 are summarized in Tables 11 and 12 of Section 2.4 of this report.

1.1.5 Present and Future Liquid Volumes

Present Tank Farm tank volumes are based on tank level measurements. A web-based monthly
update of tank volumes is available at http://icpweb.inel.gov/intec/tank-farm-data/. An Excel spreadsheet
model (see Palmer 2000) is used to project future tank volumes. This model includes volumes of NGLW
generated each year, volumes of NGLW after concentration by evaporation, and volumes of Tank Farm
tanks by month. As Tank Farm management plans and assumptions change, the model is updated. The
most recent update was made by Clark Millet in early March 2004 to incorporate the consolidation of
SBW into the three tanks, WM-187, WM-188, and WM-189. Portions of the data in this unpublished
spreadsheet (“2012 Model — Barnes7,” March 8, 2004) are contained in this report.

1.1.6 Tank Farm Background Information

Brent Palmer has documented the history and discussed operation of the INTEC Tank Farm,
INTEC waste management equipment, and SBW and NGLW management plans. While the plans and
waste compositions in the report below are no longer current, the history and discussion of equipment and
INTEC operations is useful.

24.  W. B. Palmer, C. B. Millet, M. D. Staiger, M. C. Swenson, W. B. McNaught, F. S. Ward, 2000,
INTEC Waste Management Through 2070, INEEL/EXT-2000-01005, December 2000.



1.2 Feeds to the Alternative Treatment Processes

Waste to be treated by the SBW Treatment Facility includes:

1. SBW stored in Tank WM-187, including solids and liquid. Heel solids from Tanks WM-181, WM-
182, WM-183, WM-184, WM-185, and WM-186 have been collected in Tank WM-187.
Following collection of these heels, much of the liquid content of the tank will be removed.
Concentrate from evaporation of Tank WM-180 SBW will then be added to the tank. Small
additions of other wastes generated in 2004 and 2005 are expected to fill this tank.

2. SBW stored in Tank WM-188, including liquid and a relatively small amount of undissolved
solids. Tank WM-188 is presently about 90% full; waste will continue to be added through FY
2005.

3. SBW stored in Tank WM-189, including liquid and a relatively small amount of undissolved
solids. Tank WM-189 is presently full (near its administrative limit) and no changes in waste
composition are expected for this tank.

4, NGLW that will be collected in Tanks WM-100, WM-101, and WM-102 from FY 2006 through
the end of SBW treatment. Transfers into and out of these tanks will be made until (and possibly
during) the period of SBW treatment. Should NGLW generation prior to the start-up of the SBW
treatment facility exceed the capacity of these tanks, other INTEC tanks would also be used to store
NGLW.

The following sections discuss differences in the feeds to each of the treatment processes.
Additional discussion of possible tank mixing scenarios is given in Section 3.4.

1.2.1 CsIX/TRU Grout

Several strategies for processing the waste in the CsIX/ treatment alternative are possible. One
strategy would be to sequentially process the waste by tank. For example, waste from Tank WM-187
could be processed first, then waste from WM-188, followed by waste from WM-189, and finally
NGLW. Other strategies would involve changing the order of tanks processed or blending wastes from
different SBW and/or NGLW tanks in the treatment facility receiving tank prior to feeding to treatment
operations. If processed tank by tank, the feed to the treatment process would vary from the relatively
high solid waste of WM-187 to the low solids waste of the other tanks. In addition to processing the bulk
volume of waste from each tank, the heel will also need to be processed. The heels would be flushed to
the treatment facility using water.

The CsIX/TRU Grout process will generate small amounts of dilute aqueous wastes that can be
processed in existing INTEC evaporators and the concentrate returned to the treatment process. These
wastes include water from rinsing tank solids and/or spent ion exchange media, condensate from drying
tank solids and spent ion exchange media, and vent gas condensate.

1.2.2 Calcination/MACT

If calcination is selected for SBW treatment, decontamination of NWCF cells could begin as early
as 2005 or 2006, resulting in waste not generated for the other options. This NWCF cell decontamination
waste would be concentrated and added to WM-188 through FY 2005 or WM-100, WM-101, and
WM-102 after 2005. Unlike the CsIX process, no dilute liquid wastes are expected to be generated
continually during operation, but wastes would be generated intermittently during scheduled and
unscheduled shutdowns, and also from decontamination activities after SBW processing is complete.



A separate study (Wood 2002) has recommended that solids be mixed with liquid tank waste in
TFF tanks and processed together (co-processed) in the calciner. The present plan for Tank Farm
management includes the addition of concentrated SBW, primarily from Tank WM-180, to
Tank WM-187. Mixing pumps would need to be installed in WM-187 to maintain a homogeneous blend
of solids and liquid to be fed to treatment. Mixing pumps could be installed WM-188 and/or WM-189 as
well, and waste transfers made between the four tanks WM-187, WM-188, WM-189, and WM-190 to
produce a feed with a more consistent solids content than if all the solids remain in WM-187. A
discussion of possible tank mixing scenarios is given is Section 3.4.

1.2.3 Steam Reforming

The waste feed to the Steam Reforming process would be nearly identical to the feed for the
Calcination/MACT alternative. Minor differences in NGLW composition between these two alternatives,
because of differences in NGLW streams, would cause very minor differences in feed composition. Like
calcination, solids would be co-processed.

1.2.4 Direct Evaporation

Co-processing of solids has also been recommended and demonstrated for the Direct Evaporation
process (Packer 2003; Griffith 2003). Feeds to the process would essentially be the same as the feeds for
the calcination and steam reforming alternatives, with only small differences due to differences in NGLW
composition and volume between what would be generated for the direct evaporation alternative and the
calcination or steam reforming alternative. No NGLW is expected to be generated by the Direct
Evaporation process.

1.2.5 Vitrification

A mass balance was prepared in 2001 assuming separate vitrification of SBW liquids and solids
(Quigley 2001). No glass formulation tests have been performed with simulants for tank solids either
alone or with SBW liquid. The high phosphate content of SBW solids will severely limit its waste loading
in a borosilicate glass. Further evaluations would be needed to determine whether to coprocess tank solids
with SBW liquid or process the two wastes separately.

1.3 Tank Farm Management

Figure 1 illustrates management of INTEC wastes from February 2004 through June 2004. During
this time, Tank WM-187 received dilute wastes. Figure 2 illustrates management of INTEC wastes from
July 2004 through September 2005. During this period, waste will be received into Tanks WM-187 and
WM-188, but Tank WM-187 will contain concentrated waste. After September 2005, no changes will be
made to the waste in Tanks WM-187, WM-188, and WM-189, and all waste generated will be stored in
Tanks WM-100, WM-101, and WM-102, as illustrated in Figure 3.

As of January 31, 2004, Tank WM-187 contained 150,900 gallons of SBW solids plus dilute
aqueous waste. In early-2004, Tanks WM-103, WM-104, WM-105, WM-106, and WM-181 were
washed, with the wash water added to Tank WM-187. Flushes from WM-103, WM-104, WM-105 and
WM-106 were very dilute, but the flush from WM-181 contained approximately 15,000 gallons of heel,
both solids and concentrated liquid. In mid-2004, most of the liquid waste in WM-187 will then be sent
to the Evaporator Tank System (ETS), reducing the volume of waste in WM-187 to an estimated 45,000



gallons.” Then concentrate from evaporation of Tank WM-180 waste will be added to Tank WM-187.
The total waste from WM-180 is expected to amount to about 230,000 gallons, including both the
evaporator concentrate and heel flush. An additional 10,000 gallons of NGLW generated in 2004 and
2005 is expected to be added to WM-187, filling the remaining tank capacity.

The volume of waste in Tank WM-188 as of January 31, 2004 was 241,000 gallons. Evaporator
concentrates have been and will be added in 2004 and 2005 to fill this tank. Tank WM-189 presently
contains 279,700 gallons of waste. No changes are anticipated in the waste contained in Tank WM-189.

® The estimate of 45,000 gallons was made in March 2004 and is shown in the Tank Farm management scenario spreadsheet.
However, evaporation of Tank WM-187 was stopped in April when the level was at 58,000 gallons. Hence it is likely the
minimum volume of the tank after the next evaporation will be around 60,000 gallons.
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2. PROJECTED WASTE COMPOSITIONS

This section identifies the sources and amounts of wastes that will be in tanks fed to the treatment
process. It also projects compositions of the liquids, solids, and combined liquids and solids in these
tanks and discusses the basis for calculating these compositions.

WM-187 Composition

The starting point for calculation of the future composition of WM-187 waste is the composition as
of September 2002 as documented by Clark Millet (Millet 2003). Table 1 summarizes the path from the
September 2002 composition to the future composition in September 2005. No changes in the tank waste

are anticipated after September 2005.

Table 1. Basis for Tank WM-187 waste composition.

Volume Sept 30, 2002

Transfer of WM-183 waste
Water with WM-183 flush
Subtotal

Sent to Evaporator

Remaining in WM-187

Waste from WM-184

Waste from WM-185

Waste from WM-186

Waste from WM-181

Water with WM-181/4/5/6 flushes
NGLW added through June 2004
Subtotal

Sent to Evaporator

Remaining in WM-187

Initial WM-187 waste

Added from WM-180 evaporation
WM-180 heel

Water from WM-180 heel flush
WM-190

Water from WM-190 transfer
NGLW, July 2005 - March 2005
Final WM-187 Volume

Gallons Composition ID
137,300 WM-187-0
15,400 WM-183-0
77,100 Water
229,800 WM-187-1
212,300 WM-187-1
17,500 WM-187-1
5,100 WM-184-0
12,900 WM-185-0
19,700 WM-186-0
23,000 WM-181-0
152,700 Water
3.606 NGLW-1
234,506 WM-187-2
189,546 WM-187-2
44,960 WM-187-2
Liquid Composition  Solids Composition = Total = Composition
(Gallons) ID (Gallons) ID (Gallons) ID
31,750  WM-187-2 13,210 WM-187-S1 44,960
203,913 WM-180-C 87 WM-180-S 204,000
5,625 WM-180-0 661 WM-180-S 6,286
20,000  Water 20,000
500 WM-190-0 500
300 Water 300
8.874  NGLW-2 8.874
270,963 WM-187-L 13,958 WM-187-S 284,920 WM-187

The composition of the waste in Tank WM-187 after Tank WM-183 flushes were added was
calculated by adding the initial tank contents (WM-187-0, as reported by Millet 2003), the waste heel
from WM-183 (WM-183-0, also as reported by Millet 2003), and the amount of water used to flush WM-
183. The resulting composition was named “WM-187-1." Seven wastes were then added together to
calculate the composition of the Tank WM-187 waste after flushing Tanks WM-184, WM-185, WM-186,
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and WM-181. These seven streams included 17,500 gallons of waste initially in the tank (composition
“WM-187-17), heels from the four tanks flushed (compositions as reported by Millet, 2003), 152,700
gallons of water used in flushing, and 3,606 gallons of NGLW. The calculation of the NGLW
composition is described in Section 2.4. The resulting composition was called “WM-187-2". Of the
234,506 gallons of WM-187-2 waste, 189,546 gallons of the liquid is expected to be drawn off to the
evaporator, leaving 44,960 gallons in the tank. It was assumed that the waste remaining in the tank
contained all the solids present in the full volume.

Based on an estimate of 100,000 kg of solids in WM-187 (see Section 3.1), and a solids particle
density of 2 kg/liter (Poloski 2000b), the volume of solids in the tank equates to 13,210 gallons, and
implies that the tank sludge contains 31,730 gallons of interstitial liquid. This volume of liquid, of
composition “WM-187-2,” was combined with the volumes of six other wastes as shown in Table 1 to
obtain the final composition of Tank WM-187 liquid waste. The sources for the compositions of the
other wastes include Nenni (2004) for concentrated waste from WM-180; Millet (2003) for the WM-180
heel liquid and WM-190 heel liquid; and calculation of the NGLW-2 composition as described in Section
2.4,

The composition of the final solids in Tank WM-187 was calculated based on an initial
Tank WM-187 solids composition, prior to the addition of WM-180 waste, and adding to these the solids
from WM-180. The composition of the WM-180 heel solids was assumed to be the same as the entrained
WM-180 solids, which were analyzed in 2000 (Christian 2000).

Because of the uncertainty in the amount of solids in Tank WM-187, compositions were calculated
based on the expected amount of solids, 70% of the expected amount, and 130% of the expected amount.
Table 2 shows the composition of Tank WM-187 liquid only and liquid plus the expected solids. Table 3
shows the composition of waste in Tank WM-187 waste at the low and high ends of the estimated solids
quantity.

The concentrations of nitrates shown in Tables 2-3 have been adjusted from measured values to
achieve an overall charge balance in the total composition. The specific gravity and concentrations for
total organic carbon (TOC) shown in Tables 2 and 3 are estimates. The TOC concentrations are based on
TOC analysis of waste samples from Tanks WM-188 and WM-189. The specific gravity is based on a
correlation of specific gravity for historic tank samples and total dissolved solids.

The composition of solids only is shown in Table 4. The solids composition is based in part on the
analytical results of the most recent sample from Tank WM-187, but where these results significant
diverge from previous samples, it is based on solids analyses data averages. Uncertainties in the liquid
and solids compositions are discussed in Section 3.3.
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Table 2. Tank WM-187 composition.

Liquid Liquid Liquid With

Liquid only With solids only  With solids only With solids only solids

Gal 270,963 284,920 mol/liter  mol/liter Ci/liter Ci/liter Ci/liter Ci/liter
SG 1.30 1.32 PO,> 1.38E-02 3.22E-01 Th-232 4.26E-16 426E-16 Tc-98 1.55E-12 1.55E-12
Pu*  6.32E-06 2.30E-05 Th-234 1.25E-08 1.25E-08 Tc-99 1.06E-05 6.43E-05
mol/liter  mol/liter K" 2.23E-01 2.24E-01 Pa-231 5.38E-11 5.38E-11 Ru-106  5.60E-07 1.72E-06
H+ 1.09E+00 1.04E+00  Pr™ 5.21E-06 4.96E-06 Pa-233 1.76E-06 1.76E-06 Rh-102  5.19E-10 5.19E-10
Al 6.73E-01 7.08E-01 Pm"™  7.63E-10 2.21E-07 Pa-234m 1.25E-08 1.25E-08 Rh-106  5.60E-07 1.72E-06
Am"  9.41E-08 1.30E-07 Rh™ 225E-06 2.14E-06 U-232 1.20E-09 4.03E-09 Pd-107  9.95E-09 9.95E-09
Sb* 5.36E-07 3.24E-05 Rb" 3.46E-06 3.29E-06 U-233 4.81E-11 9.70E-11 Cd-113m 2.00E-06 2.00E-06
As™ 4.92E-04 5.53E-04 Ru® 1.28E-04 1.10E-03 U-234 1.18E-06 1.51E-06 In-115 6.06E-17 6.06E-17
Ba" 5.54E-05 120E-04 Sm"™ 3.43E-06 3.36E-06 U-235 4.38E-08 7.49E-08 Sn-121m 4.03E-08 4.03E-08
Be™ 7.81E-06 1.79E-05  Se™ 1.11E-05 1.24E-04 U-236 6.38E-08 1.17E-07 Sn-126  2.47E-07 7.54E-07
B 1.26E-02 1.35E-02  si* 5.37E-05 5.93E-01 U-237 3.87E-09 3.87E-09 Sb-125 8.03E-06 8.18E-04
Br 1.90E-07 1.81E-07 Ag' 5.43E-06 9.11E-04 U-238 2.76E-08 3.36E-08 Sb-126m 2.47E-07 2.47E-07
Cd?  8.03E-04 8.62E-04 Na' 2.20E+00 2.13E+00 Np-237  1.76E-06 4.07E-16 Sb-126 3.46E-08 3.46E-08
Ca”  4.98E-02 4.95E-02 Sr? 1.22E-04 1.22E-04 Np-238  5.91E-11 1.54E-06 Te-123 2.31E-19 2.31E-19
Ce™  4.83E-05 9.53E-05 SO,2 7.04E-02 7.32E-02 Np-239  1.67E-08 4.58E-11 Te-125m 1.90E-06 1.90E-06
Cs' 1.17E-05 8.31E-05  Tc"’ 6.30E-06 3.83E-05 Pu-236 1.65E-09 5.89E-09 1-129 2.83E-08 9.39E-08
Cr 3.34E-02 3.99E-02  Te™ 1.85E-06 1.76E-06 Pu-238 6.28E-04 2.15E-03 Cs-134 8.52E-06 7.41E-05
cr? 3.67E-03 4.34E-03 Tb™ 1.32E-09 1.25E-09 Pu-239 8.98E-05 3.26E-04 Cs-135 5.18E-07 1.46E-06
Co™ 1.97E-05 3.44E-05  TI" 1.00E-07 4.25E-05 Pu-240  6.08E-06 2.24E-05 Cs-137 3.04E-02 8.25E-02
Cu'?  6.93E-04 791E-04 Th'™  7.28E-07 6.92E-07 Pu-241 1.66E-04 1.56E-03 Ba-137m 2.87E-02 7.80E-02
Eu® 3.15E-07 3.02E-07  Sn™ 1.05E-06 3.48E-03 Pu-242  4.84E-09 1.72E-08 La-138 1.15E-16 1.15E-16
F 5.06E-02 7.40E-02  Ti™ 6.09E-05 1091E-03 Pu-244  4.08E-16 1.29E-15 Ce-142 1.80E-11 1.80E-11
Gd"” 1.82E-04 1.86E-04 U™ 436E-04 5.76E-04 Am-241 7.76E-05 1.07E-04 Ce-144  3.77E-07 1.16E-06
Ge™  548E-09 522E-09 V" 9.69E-04 9.48E-04 Am-242m 9.16E-09 9.16E-09 Pr-144 3.77E-07 3.92E-07
In"? 8.63E-07 8.63E-07 Y 4.27E-06 4.06E-06 Am-242 9.11E-09 9.11E-09 Nd-144  9.68E-16 9.68E-16
r 1.58E-06 4.38E-06  Zn'? 1.05E-03 1.22E-03 Am-243 1.29E-08 2.37E-08 Pm-146 3.06E-08 3.06E-08
Fe" 2.17E-02 3.57E-02  zr* 1.70E-04 5.41E-02 Cm-242 8.04E-09 1.34E-08 Pm-147 1.03E-04 3.11E-04
La" 5.73E-06 5.45E-06 O-2 9.29E-01 Cm-243 1.71E-08 6.24E-08 Sm-146 1.66E-13 1.66E-13
Pb*? 1.34E-03 1.35E-03 H20 4.74E+01 4.53E+01 Cm-244 1.04E-06 5.06E-06 Sm-147 4.43E-12 4.43E-12
Li 3.96E-04 6.43E-04 Cm-245 1.80E-10 8.60E-10 Sm-148 2.28E-17 2.28E-17
Mg™?  1.30E-02 1.41E-02 g/liter g/liter Cm-246 1.18E-11 5.60E-11 Sm-149  2.02E-18 2.02E-18
Mn*  1.52E-02 1.59E-02 TOC 0.53 0.50 Sm-151  2.02E-04 6.18E-04
Hg? 2.07E-03 223E-03 UDS 0 93 H-3 1.99E-05 1.99E-05 Eu-150  8.66E-12 8.66E-12
Mo™  2.00E-04 5.05E-04 Be-10 1.81E-12 1.81E-12 Eu-152 1.52E-06 2.52E-06
Nd*? 1.85E-05 1.76E-05 Ci/liter Ci/liter C-14 7.23E-11 221E-10 Eu-154  5.92E-05 9.24E-05
Np™  1.06E-05 1.10E-05 (Jan, 2003) (Jan, 2003) Se-79 2.63E-07 8.77E-07 Eu-155  9.56E-05 1.61E-04
Ni2 1.48E-03 1.80E-03  Ra-226 4.93E-12 4.93E-12 Rb-87 1.76E-11 1.76E-11 Gd-152  8.56E-19 8.56E-19
Nb"  3.39E-06 1.66E-03  Ac-227 2.32E-11 2.32E-11  Sr-90 2.38E-02 2.53E-02 Ho-166m 2.77E-11 2.77E-11
NO;™  5.60E+00 5.44E+00  Th-230 4.95E-10 1.88E-09 Y-90 2.38E-02 2.53E-02 Co-60 6.57E-06 1.18E-05
pd* 5.86E-06 2.19E-03  Th-231 1.26E-08 1.26E-08 Zr-93 1.33E-06 1.33E-06 Ni-63 2.80E-05 6.61E-05
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Table 3. Tank WM-187 composition with minimum and maximum solids.

Min Min Max

Solids Max solids Min Solids Max solids Min Solids Max solids Solids solids

Gallon 284,920 284,920 mol/liter  mol/liter Ci/liter Ci/liter Ci/liter Ci/liter
SG 1.31 1.32 PO,® 231E-01 4.13E-01 Th-232  4.23E-16 4.30E-16 Tc-98 1.54E-12 1.57E-12
Pu™  1.92E-05 2.68E-05 Th-234  1.24E-08 1.26E-08 Tc-99 4.81E-05 8.05E-05
mol/liter mol/liter K* 2.21E-01 2.26E-01 Pa-231 5.33E-11 5.43E-11 Ru-106 1.37E-06 2.07E-06
H+ 1.05E+00 1.03E+00  Pr'*  4.99E-06 4.93E-06 Pa-233  1.75E-06 1.78E-06 Rh-102 5.15E-10 5.23E-10
Al 6.91E-01 7.24E-01 Pm"™ 1.55E-07 2.88E-07 Pa-234m 1.24E-08 1.26E-08 Rh-106 1.37E-06 2.07E-06
Am™ 1.19E-07 142E-07 Rh* 2.15E-06 2.12E-06 U-232  3.19E-09 4.87E-09 Pd-107 9.86E-09 1.00E-08
Sb*® 2.32E-05 4.16E-05 Rb"  3.31E-06 3.27E-06 U-233  8.22E-11 1.12E-10 Cd-113m 1.98E-06 2.02E-06
As"™ 5.27E-04 578E-04 Ru” 8.11E-04 1.39E-03 U-234  1.41E-06 1.62E-06 In-115 6.01E-17 6.11E-17
Ba™ 1.00E-04 140E-04 Sm"™ 3.35E-06 3.37E-06 U-235  6.51E-08 8.47E-08 Sn-121m 3.99E-08 4.06E-08
Be™? 1.50E-05 2.08E-05 Se™  1.09E-04 1.39E-04 U-236  1.01E-07 1.34E-07 Sn-126  6.03E-07 9.06E-07
B®  1.32E-02 1.39E-02 Si"*  4.16E-01  7.70E-01 U-237  3.84E-09 3.91E-09 Sb-125 5.75E-04 1.06E-03
Br  1.82E-07 1.80E-07 Ag"  6.40E-04 1.18E-03 U-238  3.17E-08 3.55E-08 Sb-126m 2.45E-07 2.49E-07
Cd"? 8.42E-04 8.82E-04 Na" 2.12E+00 2.13E+00  Np-237 4.04E-16 1.88E-06 Sb-126  3.43E-08 3.49E-08
Ca™ 4.92E-02 4.98E-02 Sr?  1.20E-04 1.23E-04 Np-238 1.48E-06 5.40E-11 Te-123 2.29E-19 2.33E-19
Ce™ 8.09E-05 1.10E-04 SO42 7.17E-02 7.48E-02 Np-239  4.54E-11 1.52E-08 Te-125m 1.88E-06 1.91E-06
Cs"  6.63E-05 9.99E-05 Tc'”  2.87E-05 4.80E-05 Pu-236 4.81E-09 6.96E-09 1-129  7.44E-08 1.13E-07
CI'  3.75E-02 4.22E-02 Te*  1.77E-06 1.75E-06 Pu-238 1.80E-03 2.50E-03 Cs-134  5.45E-05 9.37E-05
Cr 4.12E-03 4.56E-03 Tb™ 1.26E-09 1.25E-09 Pu-239 2.73E-04 3.80E-04 Cs-135 1.18E-06 1.75E-06
Co" 3.01E-05 3.88E-05 TI®  3.77E-05 4.74E-05 Pu-240 1.83E-05 2.66E-05 Cs-137  6.69E-02 9.80E-02
Cu? 7.54E-04 827E-04 Th™ 6.97E-07 6.87E-07 Pu-241 1.27E-03 1.85E-03 Ba-137m 6.33E-02 9.27E-02
Eu"™ 3.03E-07 3.00E-07 Sn**  2.46E-03  4.50E-03 Pu-242  1.40E-08 2.03E-08 La-138 1.14E-16 1.16E-16
F 6.65E-02 8.14E-02 Ti™  1.38E-03  2.44E-03 Pu-244 1.02E-15 1.56E-15 Ce-142 1.78E-11 1.82E-11
Gd™ 1.83E-04 1.89E-04 U™  532E-04 620E-04 Am-241 9.80E-05 1.17E-04 Ce-144 9.30E-07 1.40E-06
Ge™ 5.25E-09 5.18E-09 V™ 941E-04 9.54E-04 Am-242m 9.08E-09 9.24E-09 Pr-144 3.89E-07 3.95E-07
In**  8.56E-07 8.71E-07 Y?®  4.09E-06 4.04E-06 Am-242 9.04E-09 9.19E-09 Nd-144 9.60E-16 9.76E-16
I 3.52B-06 5.23E-06 Zn"* 1.16E-03 1.28E-03 Am-243 2.05E-08 2.70E-08 Pm-146 3.04E-08 3.09E-08
Fe™ 3.16E-02 3.97E-02 Zr*  383E-02 6.99E-02 Cm-242 1.17E-08 1.51E-08 Pm-147 2.49E-04 3.73E-04
La® 5.48E-06 5.42E-06 0-2  6.53E-01 1.21E+00 Cm-243 4.98E-08 7.51E-08 Sm-146 1.65E-13 1.68E-13
Pb"? 1.33E-03 1.36E-03 H20 4.61E+01 4.45E+01 Cm-244 3.91E-06 621E-06 Sm-147 4.40E-12 4.47E-12
Li* 591E-04 6.95E-04 Cm-245 6.66E-10 1.05E-09  Sm-148 2.26E-17 2.30E-17
Mg? 1.37E-02 1.45E-02 g/liter g/liter Cm-246 4.34E-11 6.86E-11 Sm-149 2.01E-18 2.04E-18
Mn™ 1.56E-02 1.63E-02 TOC 0.51 0.50 Sm-151 4.94E-04 7.42E-04
Hg™ 2.21E-03 226E-03 UDS 65 121 H-3 1.97E-05 2.02E-05 Eu-150 8.58E-12 8.73E-12
Mo'® 4.15E-04 5.94E-04 Be-10  1.79E-12 1.82E-12 Eu-152 2.21E-06 2.83E-06
Nd* 1.77E-05 1.75E-05 Ci/liter Ci/liter C-14 1.77E-10  2.66E-10 Eu-154 8.25E-05 1.02E-04
Np*™ 1.08E-05 1.12E-05 (Jan, 2003) (Jan, 2003) Se-79  7.17E-07 1.04E-06 Eu-155 1.41E-04 1.82E-04
Ni?  1.69E-03 1.91E-03 Ra-226 4.89E-12 4.97E-12 Rb-87  1.75E-11 1.78E-11 Gd-152 8.49E-19 8.63E-19
Nb*® 1.29E-03 2.03E-03 Ac-227 2.30E-11 2.34E-11 Sr-90  2.47E-02 2.59E-02 Ho-166m 2.75E-11 2.80E-11
NO;" 5.43E+00 5.45E+00 Th-230 1.47E-09 2.29E-09 Y-90  2.47E-02 2.59E-02 Co-60 1.03E-05 1.33E-05
Pd™ 1.54E-03 2.84E-03 Th-231 1.25E-08 1.27E-08 Zr-93 1.32E-06 1.35E-06 Ni-63  2.78E-05 2.83E-05
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Table 4. Tank WM-187 composition of solids.

Weight percent Weight percent Ci/kg Ci/kg

Al 1.72E+00 Ni*? 2.36E-02 C-14 1.58E-09 Eu-155 6.96E-04
Sb** 4.02E-03 Nb* 1.23E-01 Co-60 5.60E-05 Th-230 1.47E-08
As™ 6.82E-03 NO;y 5.65E+00 Ni-59 4.98E-05 U-232 3.00E-08
Ba" 9.81E-03 pd*™ 2.48E-01 Ni-63 4.11E-04 U-233 5.16E-10
Be™ 9.35E-05 PO,? 3.10E+01 Se-79 5.68E-06 U-234 3.35E-06
B 1.61E-02 K" 4.51E-01 Sr-90 1.42E-02 U-235 3.31E-07
Cd*? 1.11E-02 Ru® 1.05E-01 Y-90 1.42E-02 U-236 5.68E-07
Ca® 7.20E-02 Se™ 4.21E-03 Tc-99 5.78E-04 U-238 6.32E-08
Ce™ 7.29E-03 Si* 1.79E+01 Ru-106 1.23E-05 Np-237 1.73E-06
Cs* 8.08E-03 Ag’ 1.05E-01 Rh-106 1.23E-05 Pu-236 3.82E-08
Cr 3.05E-01 Na* 3.92E-01 Sn-126 5.37E-06 Pu-238 1.23E-02
cr? 4.44E-02 Sr*? 4.95E-04 Sb-125 8.72E-03 Pu-239 1.88E-03
Co™? 9.35E-04 S042 5.89E-01 1-129 6.94E-07 Pu-240 1.47E-04
Cu™? 8.42E-03 TI"? 3.56E-03 Cs-134 7.07E-04 Pu-241 1.05E-02
F 5.29E-01 Sn* 4.36E-01 Cs-135 1.00E-05 Pu-242 1.11E-07
Gd" 1.82E-03 Ti™ 9.16E-02 Cs-137 5.51E-01 Pu-244 9.52E-15
Fe" 8.19E-01 ut 2.22E-02 Ba-137m 5.21E-01 Am-241 3.05E-04
Pb* 1.34E-02 v 1.40E-03 Ce-144 8.33E-06 Am-243 1.14E-07
Li" 1.31E-03 Zn*? 1.48E-02 Pr-144 8.33E-06 Cm-242 5.77E-08
Mg* 3.88E-02 Zrt 5.19E+00 Pm-147 2.21E-03 Cm-243 4.50E-07
Mn* 7.88E-02 0-2 1.59E+01 Sm-151 4.40E-03 Cm-244 4.09E-05
Hg" 1.95E-02 H20 1.80E+01 Eu-152 1.06E-05 Cm-245 6.93E-09
Mo 3.10E-02 Total 1.00E+02 Eu-154 3.48E-04 Cm-246 4.49E-10
assumed specific gravity 2.0

2.2 WM-188 Composition

In October 2002, Tank WM-188 contained 211,100 gallons of waste. The tank was sampled and
both liquid and solids were analyzed (Johnson 2003a). An estimated 5,000 kg of solids, equivalent to a
volume of about 660 gallons, are contained in the tank. Additions to the tank from October 2002 to
March 31, 2004 have amounted to 47,000 gallons. An estimated additional 1,600 gallons will be added in
April and May 2004. Then, starting in June 2004, Tank WM-187 waste (mostly the heel and wash water
from Tank WM-181) will be evaporated and the concentrate added to Tank WM-188. Other additions to
WM-188 include NGLW generated from June 2004 through September 2005, and a small amount of
waste from the dilute heel in Tank WM-180.
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Table 5. Basis for Tank WM-188 waste composition.

Gallons Stream

Name
Liquid waste in tank October 2002 210,440 WM-188-0
Estimated solids in tank October 2002 660 WM-188-S
Concentrate added through May 2004 48,600 ETS-1
NGLW added June 2004 through Sept 2005 5,500 NGLW-3
Evaporator concentrate from WM-181 16,400 WM-181-0
Evaporator concentrate from final WM-180 heel 70 WM-180-H
Final volume 281,670 WM-188
Gallons solids 660 WM-188-S
Gallons liquid 281,010 WM-188-L

Table 6 shows the composition of waste in Tank WM-188 waste assuming 5,000 kg of solids. As
for Tank WM-187, there is uncertainty in the amount of solids in Tank WM-188. Thus, Table 7 shows
composition for the case of no solids (equivalent to the composition of the liquid only), and the case of
twice as many solids as shown in Table 6.

In 1999 when Tank WM-188 was last at heel level, the tank was inspected by video and very few
solids (~1/4-in) were seen in the tank (Patterson 2000). Since then, the waste that has been added to the
tank has been SBW from other tanks that has undergone further concentration by evaporation.

A 236-ml portion of the 2002 WM-188 sample was allowed to settle, and after 7 days, the solids
had settled into a sludge layer of about 3.6 ml. The concentration of solids in the sample may not
necessarily equal that in the tank, but if they were equal, the sludge in the tank would amount to about
11,000 gallons. Assuming a solids particle density of 2 kg/liter, 5000 kg would occupy about 6% of this
volume. The volume fraction of the WM-188 sludge was not measured, but was found to be about 7% for
sludge from Tank WM-189.¢

As was done for Tank WM-187, the concentrations of nitrates shown in Tables 6 and 7 have been
adjusted from measured values to achieve an overall charge balance in the total composition. The
specific gravity and TOC are based on sample analysis (Johnson, 2003a).

¢ Batcheller (2003, see Section 3.3.2) calculates the interstitial liquid volume of a 15 ml sample of WM-189 sludge to be 14 ml.
Hence the volume of the undissolved solids is approximately 1 ml and the volume fraction of undissolved solids 1/15 = 6.7%.
Unpublished results for the February 2004 WM-187 sample show the sludge to be 11 vol % solids, and two measurements of an
earlier WM-187 sample give results of 9.4 and 10.5 vol % solids in the sludge.

18



Table 6. Tank WM-188 waste composition, liquids and solids.

Gallons 281,670 mol/liter Ci/liter Ci/liter
SG 1.32 PO,? 1.38E-02 Th-232 9.75E-16 Tc-98 3.55E-12
Pu™ 5.37E-06 Th-234 2.85E-08 Tc-99 2.49E-05

mol/liter K* 1.77E-01 Pa-231 1.23E-10 Ru-106 1.31E-06

H+ 2.68E+00 pr* 1.19E-05 Pa-233 4.03E-06 Rh-102 1.19E-09
Al 6.77E-01 Pm" 1.74E-09 Pa-234m 2.85E-08 Rh-106 1.31E-06
Am™ 8.32E-08 Rh™ 5.14E-06 U-232 2.95E-09 Pd-107 2.27E-08
Sb** 5.82E-06 Rb* 7.91E-06 U-233 1.18E-10 Cd-113m 4.57E-06
As"™ 1.04E-05 Ru® 2.29E-04 U-234 1.29E-06 In-115 1.39E-16
Ba" 7.92E-05 Sm* 7.83E-06 U-235 1.08E-07 Sn-121m 9.20E-08
Be™ 1.88E-05 Se™ 6.92E-06 U-236 5.01E-08 Sn-126 5.77E-07
B 2.19E-02 Si* 1.45E-02 U-237 9.42E-09 Sb-125 2.45E-05
Br 4.35E-07 Ag’ 1.87E-05 U-238 1.53E-08 Sb-126m 5.65E-07
cd*? 3.32E-03 Na* 1.52E+00 Np-237 4.03E-06 Sb-126 7.91E-08
Ca® 6.55E-02 Sr*? 9.88E-05 Np-238 8.08E-10 Te-123 5.27E-19
Ce™ 3.50E-05 S042 3.76E-02 Np-239 2.28E-07 Te-125m 4.33E-06
Cs* 3.66E-05 Tct 1.48E-05 Pu-236 3.99E-09 1-129 7.49E-08
Cr 3.06E-02 Te* 4.66E-06 Pu-238 6.43E-04 Cs-134 7.62E-05
cr? 5.42E-03 Tb*™ 3.01E-09 Pu-239 7.31E-05 Cs-135 1.20E-06
Co™? 4.88E-05 TI? 3.07E-06 Pu-240 1.47E-05 Cs-137 7.06E-02
Cu™? 7.73E-04 Th* 3.27E-05 Pu-241 4.08E-04 Ba-137m 6.68E-02
Eu®™ 7.21E-07 Sn* 1.82E-04 Pu-242 1.18E-08 La-138 2.63E-16
F 3.53E-02 Ti™ 1.39E-04 Pu-244 3.13E-17 Ce-142 4.11E-11
Gd" 1.86E-04 ut 4.07E-04 Am-241 6.82E-05 Ce-144 8.80E-07
Ge* 1.25E-08 v 4.16E-05 Am-242m 2.37E-08 Pr-144 8.80E-07
In* 1.97E-06 Y* 9.76E-06 Am-242 2.36E-08 Nd-144 2.21E-15
r 3.61E-06 Zn*? 9.43E-04 Am-243 3.36E-08 Pm-146 7.00E-08
Fe" 2.56E-02 Zrt 5.93E-03 Cm-242 4.66E-08 Pm-147 2.39E-04
La® 1.31E-05 0-2 2.16E-02 Cm-243 3.92E-08 Sm-146 3.80E-13
Pb* 1.03E-03 H20 4.55E+01 Cm-244 1.09E-06 Sm-147 1.01E-11
Li" 3.63E-04 Cm-245 4.12E-10 Sm-148 5.21E-17
Mg* 2.58E-02 g/liter Cm-246 2.71E-11 Sm-149 4.62E-18
Mn* 1.66E-02 TOC 0.40 Sm-151 4.71E-04
Hg" 7.10E-03 UDS 4.69 H-3 1.68E-05 Eu-150 1.98E-11
Mo*® 2.85E-04 Be-10 4.13E-12 Eu-152 3.49E-06
Nd* 4.22E-05 Ci/liter C-14 1.69E-10 Eu-154 2.54E-04
Np* 2.41E-05 (Jan, 2003) Se-79 7.09E-07 Eu-155 2.26E-04
Ni*? 2.59E-03 Ra-226 1.15E-11 Rb-87 4.03E-11 Gd-152 1.96E-18
Nb** 1.80E-04 Ac-227 5.42E-11 Sr-90 5.25E-02 Ho-166m 6.33E-11
NO3” 6.71E+00 Th-230 1.18E-09 Y-90 5.25E-02 Co-60 5.85E-05
pd*™ 3.98E-04 Th-231 2.95E-08 Zr-93 3.05E-06 Ni-63 4.60E-05
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Table 7. Tank WM-188 composition without solids and with twice the expected solids.

No Solids Max solids No Solids Max solids No Solids Max solids No Solids Max solids
Gal 281,670 281,670 mol/liter  mol/liter Ci/liter  Ci/liter Ci/liter Ci/liter
SG 1.31 1.32 PO,? 1.21E-03  2.68E-02 Th-232 9.77E-16 9.95E-16  Tc-98 3.56E-12 3.62E-12
Pu™ 5.39E-06 5.49E-06 Th-234 2.86E-08 2.91E-08 Tc-99 2.39E-05 2.64E-05
mol/liter ~ mol/liter K' 1.76E-01  1.83E-01 Pa-231 1.23E-10 1.26E-10 Ru-106 1.28E-06 1.36E-06

H+  2.68E+00 2.73E+00 Pr™ 1.19E-05 1.22E-05 Pa-233 4.04E-06 4.12E-06 Rh-102 1.19E-09 1.21E-09
Al”®  6.74E-01 6.95E-01 Pm" 1.75E-09 1.78E-09 Pa-234m 2.86E-08 2.91E-08 Rh-106 1.28E-06 1.36E-06
Am™ 834E-08 849E-08 Rh™ 5.15E-06 5.25E-06 U-232 2.89E-09 3.07E-09 Pd-107 2.28E-08 2.32E-08
Sb"™  4.71E-06 7.04E-06 Rb" 7.93E-06 8.07E-06 U-233 1.16E-10 1.22E-10 Cd-113m 4.58E-06 4.67E-06
As™  7.86E-06 1.30E-05 Ru® 1.71E-04 2.91E-04 U-234 1.27E-06 1.34E-06 In-115 1.39E-16 1.41E-16
Ba”? 7.78E-05 8.24E-05 Sm" 7.85E-06 7.99E-06 U-235 1.06E-07 1.11E-07 Sn-121m 9.22E-08 9.40E-08
Be”? 1.78E-05 2.02E-05 Se™ 4.37E-06 9.57E-06 U-236 4.91E-08 5.24E-08 Sn-126 5.67E-07 6.00E-07
B 2.17E-02 226E-02 Si™ 7.79E-04 2.83E-02 U-237 9.34E-09 9.72E-09  Sb-125 1.91E-05 3.04E-05
Br 4.36E-07 4.44E-07 Ag' 5.80E-06 3.18E-05 U-238 1.51E-08 1.59E-08 Sb-126m 5.67E-07 5.77E-07
Cd*?  3.31E-03 3.40E-03 Na' 1.52E+00 1.57E+00 Np-237 4.04E-06 4.12E-06  Sb-126 7.93E-08 8.08E-08
Ca”  6.53E-02 6.74E-02 Sr' 9.79E-05 1.02E-04 Np-238 8.15E-10 8.20E-10  Te-123 5.29E-19 5.38E-19
Ce™ 3.41E-05 3.67E-05 S0,2 3.68E-02 3.92E-02 Np-239 2.30E-07 2.31E-07 Te-125m 4.35E-06 4.43E-06
Cs"  3.53E-05 3.87E-05 Tc’ 1.42E-05 1.45E-05 Pu-236 4.05E-09 4.03E-09 1-129 7.36E-08 7.79E-08
Cr 2.99E-02 3.20E-02 Te™ 4.67E-06 4.76E-06 Pu-238 6.46E-04 6.54E-04 Cs-134 7.56E-05 7.86E-05
Cr”  5.35E-03  5.62E-03 Tb™ 3.02E-09 3.08E-09 Pu-239 7.32E-05 7.47E-05 Cs-135 1.19E-06 1.25E-06
Co'? 4.81E-05 5.07E-05 TI" 1.92E-06 4.27E-06 Pu-240 1.49E-05 1.48E-05 Cs-137 6.96E-02 7.33E-02
Cu'?  7.69E-04 7.96E-04 Th™ 3.28B-05 3.34E-05 Pu-241 4.09E-04 4.17E-04 Ba-137m 6.58E-02 6.94E-02
Eu” 7.23E-07 7.36E-07 Sn™ 4.70E-05 3.17E-04 Pu-242 1.20E-08 1.19E-08 La-138 2.63E-16 2.68E-16
F 3.54E-02 3.61E-02 Ti™ 6.65E-05 2.14E-04 Pu-244 3.20E-17 3.13E-17 Ce-142 4.12E-11 4.20E-11
Gd” 1.85E-04 1.91E-04 U™ 4.02E-04 4.23E-04 Am-241  6.84E-05 6.96E-05 Ce-144 8.64E-07 9.17E-07
Ge™ 1.26E-08 1.28E-08 V*° 4.05E-05 4.36E-05 Am-242m 2.39E-08 2.41E-08 Pr-144 8.64E-07 9.17E-07

In”®  1.98E-06 2.01E-06 Y" 9.79E-06 9.97E-06 Am-242 2.38E-08 2.40E-08 Nd-144 2.22E-15 2.26E-15
r 3.62E-06 3.69E-06 Zn™ 9.37E-04 9.71E-04 Am-243 3.37E-08 3.43E-08 Pm-146  7.02E-08 7.15E-08
Fe” 2.51E-02 2.67E-02 ZzZr™ 3.34E-03 8.59E-03 Cm-242 4.68E-08 4.76E-08 Pm-147  2.35E-04 2.49E-04
La™ 1.31E-05 1.34E-05 0-2 4.32E-02 Cm-243  3.92E-08 4.02E-08 Sm-146  3.80E-13 3.88E-13
Pb" 1.03E-03 1.06E-03 H20 4.56E+01 4.50E+01 Cm-244 1.08E-06 1.12E-06 Sm-147 1.02E-11 1.03E-11
Li 3.52E-04 3.82E-04 Cm-245 4.12E-10 4.22E-10 Sm-148  5.22E-17 5.32E-17
Mg 2.57E-02  2.65E-02 g/liter g/liter Cm-246  2.71E-11 2.78E-11 Sm-149  4.63E-18 4.72E-18
Mn*  1.66E-02  1.70E-02 TOC 0.40 0.41 Sm-151 4.63E-04 4.91E-04
Hg? 7.12E-03 7.25E-03 UDS 0 94 H-3 1.69E-05 1.72E-05 Eu-150 1.98E-11 2.02E-11
Mo™ 2.69E-04 3.06E-04 Be-10 4.14E-12 4.22E-12  Eu-152 3.47E-06 3.60E-06
Nd™  4.23E-05 4.31E-05 Ci/liter Ci/liter C-14 1.66E-10 1.75E-10  Eu-154 2.53E-04 2.60E-04
Np™  2.42E-05 2.46E-05 (Jan, 2003) (Jan, 2003) Se-79 6.03E-07 8.29E-07  Eu-155 2.25E-04 2.33E-04

Ni?  2.55E-03 2.69E-03 Ra-226 1.13E-11 1.15E-11 Rb-87 4.04E-11 4.12E-11 Gd-152 1.96E-18 2.00E-18
Nb"  3.11E-05 3.30E-04 Ac-227 5.32E-11 5.42E-11 Sr-90 5.24E-02 5.39E-02 Ho-166m 6.35E-11 6.47E-11
NO