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Summary 
 
The Hanford Site in southeastern Washington State has been used extensively to produce nuclear ma-

terials for the U. S. strategic defense arsenal by the U. S. Department of Energy (DOE).  A large inven-
tory of radioactive and mixed waste has accumulated in 177 single- and double-shell tanks.  Waste 
recovered from the tanks will be pre-treated to separate the low-activity fraction from the high-level and 
transuranic wastes.  The low-activity fraction will be among the largest volumes of radioactive waste 
within the DOE complex and is one of the largest inventories of long-lived radionuclides planned for dis-
posal in a low-level waste facility.  Currently, the DOE Office of River Protection (ORP) is evaluating 
several options for immobilization of low-activity tank wastes for eventual disposal in a shallow subsur-
face facility at the Hanford Site.  A significant portion of the waste will be converted into immobilized 
low-activity waste (ILAW) glass with a conventional Joule-heated ceramic melter.  In addition to ILAW 
glass, DOE is considering a supplemental treatment technology; bulk vitrification (BV), to treat a portion 
of the low-activity waste (LAW).  The use of a supplemental treatment technology is expected to acceler-
ate the overall cleanup mission at the Hanford site by at least 35 years.  CH2M Hill Hanford Group, Inc. 
(CH2M HILL) requested that Pacific Northwest National Laboratory (PNNL) perform the testing on BV 
outlined in the strategy document of McGrail et al. (2003a) in support of the 2005 Integrated Disposal 
Facility (IDF) performance assessment (PA). 

 
A critical component of the development and testing strategy will be to provide estimates of radionu-

clide release rates from the engineered portion of the disposal facilities (source term).  These data will be 
used for Subsurface Transport Over Reactive Multi-phases (STORM) simulations of the BV waste pack-
age.  Documented in this report are data related to 1) kinetic rate law parameters for glass and refractory 
dissolution, 2) sodium (Na+)-hydrogen (H+) ion exchange rate, 3) chemical reaction network of secondary 
phases that form in accelerated weathering tests, and 4) thermodynamic equilibrium constants assigned to 
these secondary phases for BV vitrified product.  The kinetic rate law and Na+-H+ ion exchange rate were 
determined from single-pass flow-through (SPFT) experiments.  Product consistency (PCT) tests were 
used for accelerated weathering or aging of the glasses to determine a chemical reaction network of sec-
ondary phases that form.  The majority of the thermodynamic data used in this data package were ex-
tracted from the thermodynamic database package provided with the geochemical code EQ3/6, version 
8.0. 

 
Results from SPFT tests suggest that rate law parameters derived for BV glasses are comparable to 

those determined for WTP glass formulations.  SPFT tests also were used to calculate a bounding release 
rate for the mullite castable refractory block (CRB).  The presence of multiple mineral phases in and the 
uncertainty regarding the true reactive surface area of the CRB may have a significant effect on the re-
ported rates.  Therefore, we recommend that rate law parameters be developed for the pure mineral phases 
identified in the CRB.  These results should be combined with literature values to develop a scientifically 
defensible conclusion regarding the dissolution of the mullite CRB and the potential impact the CRB may 
have on BV waste package performance. 

 
In addition to the experimentally derived input data for the BV waste form, this report contains results 

on the soluble fraction of Re (chemical analogue for 99Tc) from five non-radioactive tests (ES-31A, ES-
31B, ES-31C, ES-31D, and ES-31E), one test using a 99Tc spike (ES-32A), and one test using actual Han-
ford tank waste (ES-32B).  Soluble 99Tc was determined for ES-32A and ES-32B, and soluble Cs was 
determined for ES-31B.  Results from these seven individual ES tests were used to determine an average 




