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1.0 INTRODUCTION

The U.S. Department of Energy (DOE) intends to immobilize the low-activity waste (LAW) at Hanford in
the form of borosilicate glass for storage and disposal (DOE, 2000; Vienna et al., 2001).  The LAW glass
will be disposed of in a shallow land-burial facility (on site), and it must be demonstrated that the disposal
system will adequately retain the radionuclides and prevent contamination of the surrounding environment.
Waste-form performance dictates the release of contaminants after disposal.  It was found that the release
of radionuclides from the waste form via interaction/reaction with water is the prime threat to the
environment surrounding a disposal site (Mann et al., 2001).

The long-term performance of the LAW glass must be assessed from an effective short-term evaluation
methodology.  A series of short-term tests and modeling approaches has been identified in an attempt to
link glass composition to performance in the disposal facility (Schulz et al., 2000).  This testing series
includes the Product Consistency Test (PCT-A and PCT-B) and the Vapor Hydration Test (VHT).  As
currently defined in Hanford Contract DE-AC27-01RV14136, Section C (DOE, 2000), all glasses must
pass a PCT-A limit of 2.0 g/m2 and a VHT limit of 50 g/(m2⋅day).

For recent LAW product acceptance testing (Vienna et al., 2000, 2001; Schulz et al., 2000), the PCT was
performed at the Savannah River Technology Center (SRTC) and the VHT was performed at the Pacific
Northwest National Laboratory (PNNL).  Up until September 2002, the SRTC did not have the capabilities
of performing the VHT.  It was deemed necessary that the SRTC acquire this capability in order to play a
role in this realm of durability testing – round robins, various glass testing, etc.  This report summarizes the
procedure of conducting a VHT and the results of initial testing at the SRTC in order to illustrate that the
Westinghouse Savannah River Company (WSRC) now has the capabilities to perform these durability
tests.

2.0 EXPERIMENTAL

In conducting a VHT, a monolithic specimen is exposed to water vapor at elevated temperatures in a sealed
stainless-steel vessel (schematic shown in Figure 1).  This environment greatly accelerates the progression
of glass corrosion by water and the formation alteration products (Vienna et al., 2001).  The procedure
covers test temperatures from 5°C up to 300°C, which is the maximum temperature given by the design of
stainless steel vessels used to conduct the test.  Glass corrosion is affected by both the elevated temperature
and the high glass surface area (S) to solution volume (V) ratio achieved.  The results of the VHT can be
used in conjunction with other tests (e.g., the PCT and the Single Pass Flow Through Test (SPFT)) and
modeling to compare the long-term durability behavior of candidate waste forms and to provide useful
information to performance assessment.  This test is applicable, but not limited to, a variety of consolidated
solids including potential waste forms such as glass, ceramics, and glass ceramics.

The VHTs for this study were performed according to technical procedure (procedure ITS-0019, Rev. 0),
which is compliant with the proposed American Society for Testing and Materials (ASTM) procedure (the
proposed ASTM procedure is based on PNNL procedure #GDL-VHT).  Samples with approximate
dimensions of 10.0 × 10.0 × 1.5 mm were prepared from heat-treated glass bars with a diamond-
impregnated saw and polisher (procedures ITS-0016, Rev. 0 and ITS-0017, Rev. 0, respectively).  All sides
were polished to 600-grit surface finishes with silicon carbide paper.  The samples, stainless-steel vessels
and lids, gaskets, and supports were cleaned, and the each sample was suspended from the stainless-steel
support with platinum (Pt) wire.  An amount of deionized water (DIW), predetermined as to the size
(volume) of the vessel, temperature, and number of samples per vessel, was added to the bottom of the
vessel.  The vessel was then sealed and held at constant temperature in a convection oven for a preset time,
removed, weighed, and quenched in water.
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Figure 1.  Schematic of VHT Apparatus and Experiment Setup.

After the test termination, specimens were removed from the vessel and divided into two sections with a
diamond-impregnated saw.  One part was used for image analysis (IA) evaluation with an ocular
microscope (OM) of the specimen’s cross section.  The other part was to be used for alteration phase
identification by x-ray diffraction (XRD) and/or scanning-electron microscope (SEM), but could not be
performed due to budgetary constraints.  All data comparisons performed in this report were based on the
remaining glass thickness.  The remaining glass thickness was determined by performing at least ten
measurements equally distributed across the sectioned specimen.  This step yielded the average thickness of
the remaining glass.

The initial dimensions of the specimens were measured with calipers, while the thickness of the unaltered
glass was measured with the IA system connected to the OM.  In order to confirm that both modes of
measurement were accurate, both devices were calibrated.  The calipers were calibrated at the Standards
Lab of the WSRC, and the OM was calibrated with an Olympus micrometric calibration ruler with the
resolution of ≤0.01 mm.

The mass of glass altered or converted into alteration products (ma) per unit surface area is calculated with
the following formula,
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where di = initial glass thickness
ρ = bulk density
dr = thickness of remaining glass

wi and li = initial specimen width and length, respectively
mi = initial specimen mass.
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3.0 RESULTS

The glasses tested, a total of 16, at the SRTC for the initial VHT experiments were Hanford LAW product-
acceptance (HLP) glasses HLP-58 through -77.  These glasses are part of a matrix of 75 glasses that were
developed and tested with the aim to identify the relationship between glass composition and response to
the PCT and VHT (Brown et al., 2000; Vienna et al., 2001).  Also, these glasses were chosen for the initial
VHT experiments at the SRTC since data already exists which could be used for comparison purposes, and
glass bars were readily available.  The glass bars used in this testing were fabricated at the SRTC.

3.1 Alteration Rates
For the purposes of this testing, the resistance of the glasses to corrosion in the VHT was measured at two
temperatures – 175°C and 200°C (the latter being consistent with the current LAW specification).  An
example of a typical ma-t relationship observed in VHT is shown in Figure 2.  The slope of the trendline of
the ma-t relationship (r=dma/dt) is the alteration rate of the glass, reported in g/m2/day.  For this sample, and
each glass tested at the SRTC, the rate was determined from only two data points.  The VHT alteration
rates measured at 200°C for each glass tested at the SRTC, as well as those reported by Vienna et al., 2001,
are listed in Table 1.  Also, ma-t relationship and experimental data for glasses tested in this study are
reported in the Appendix.

Figure 2.  The ma as a Function of Time for HLP-64 at 200°C.

y = 17.55x - 189.7

0

50

100

150

200

250

300

10 12 14 16 18 20 22 24 26 28

Time (days)

m
a (

g/
m

2 )



Westinghouse Savannah River Company WSRC-TR-2002-00572
Savannah River Technology Center
Immobilization Technology Section

4

Table 1.  VHT Alteration Rates at 200°C.
Alteration Rate (g/m2/day)

Glass ID SRTC testing(1) PNNL data (a)(1) PNNL data (b)(2)

HLP-58 2.6 0.3 2.2
HLP-59 4.1 1.2 4.5
HLP-60 6.0 1.0 5.6
HLP-61 12.5 11.3 10.0
HLP-62 1.9 -0.1 1.7
HLP-64 17.5 14.11 12.4
HLP-66 --- --- 1336.9
HLP-67 205.8 11.3 230.5
HLP-68 13.6 11.8 5.7
HLP-69 4.0 -0.3 3.8
HLP-71 14.7 -58.5 ---
HLP-72 13.3 32.8 9.6
HLP-74 34.6 11.8 8.0
HLP-75 5.5 6.0 7.9
HLP-76 --- 3.6 140.9
HLP-77 --- -11.7 176.4

 (1) Rates based on only two values.
(2) Full range of 200°C VHT data as reported in Vienna et al., 2001.

The rates measured at 200°C at the SRTC were based on only two data points.  The column labeled PNNL
data (a) contains measured rates at similar time intervals as the SRTC testing.  The column labeled PNNL
data (b) is the full range of 200°C VHT data as reported in Vienna et al., 2001 (data points at 200°C, but
different time intervals).  Alteration rates could not be determined for the HLP-66, -76, and -77 glasses
during the SRTC testing.  For the HLP-66 glass, the monolith was far too corroded (sample in broken
pieces) to be cut and observed with the microscope for image analysis.  Glasses HLP-76 and -77, which are
compositionally the same as the LRM glass (Peeler et al., 1999), were tested twice at 200°C (no
determination of slope as in Figure 2).

In comparing the rates determined at the SRTC with those of PNNL, most of the alteration rates show good
agreement.  There are few data points from these initial tests though, and the study is scoping in nature with
the objective of establishing VHT capabilities.  As stated by Vienna et al., 2001, the number and
distribution of the measured data points influences the alteration rate, which can increase uncertainty.  This
is evidenced by the difference in the measured rates of PNNL data (a) and (b) (see Table 1).  Also, higher
temperatures enable specimens to fully react before a significant amount of water is lost, thus yielding more
consistent and reproducible results.

3.2 Specimen Cross-Section
Specimen cross-sections were analyzed with the ocular microscope with motorized stage to measure the
remaining glass thickness and to demonstrate the use and capabilities of the microscope.  Selected samples
(cross sections) are shown in Figures 3 through 8.

Figure 3.  Cross-section of HLP-58 Subjected to VHT at 200°C for 26 Days.
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Figure 4.  Cross-section of HLP-60 Subjected to VHT at 200°C for 26 Days.

Figure 5.  Cross-section of HLP-68 Subjected to VHT at 200°C for 26 Days.

Figure 6.  Cross-section of HLP-71 Subjected to VHT at 200°C for 26 Days.

Figure 7.  Cross-section of HLP-72 Subjected to VHT at 200°C for 26 Days.

Figure 8.  Cross-section of HLP-74 Subjected to VHT at 200°C for 26 Days.

These images of the sample’s cross section show the remaining glass and the extent of the corrosion layers.
For instance, the darker borders around the HLP-58 and HLP-61 cross sections (see Figures 5 and 6,
respectively) represent the onset of the corrosion layers.  The corrosion layers of HLP-74 were highly
visible.  The remaining glass is toward the center, but as indicated by its high ma value (565.3 g/m2) and
Figure 8, corrosion of this sample was quite progressed.  These samples could have been sent for XRD and
SEM analyses to identify the composition and phases of the alteration layers, but were not due to the
number of samples and budgetary constraints.

Remaining glass
Corrosion layers



Westinghouse Savannah River Company WSRC-TR-2002-00572
Savannah River Technology Center
Immobilization Technology Section

6

4.0 CONCLUSIONS

The VHT was performed at 175°C and 200°C on a suite of glasses for the purposes of this study.  The main
objective was to indicate that the SRTC could perform the VHT by the end of this scoping study.  The
SRTC has acquired all equipment necessary to perform the VHT, a technical procedure has been issued for
the performance of the VHT, and it was demonstrated that the finished samples could be analyzed with the
OM and IA.  When compared with the alteration rate presented by Vienna et al., 2001, the data obtained at
the SRTC is in close agreement (based on limited 200°C VHT data).  Based on these demonstrations and
observations, the SRTC now has the capabilities and capacities to perform the VHT if necessary.
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APPENDIX

VHT Data for HLP Glasses
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Table A.1.  VHT Responses for VHT Glasses.
Glass ID T (°C) t (days) H2O added (mL) H2O lost (mL) pH Out ma  (g/m2)
HLP-58 200 14 0.30 0.03 9 32.8
HLP-58 200 26 0.30 0.05 10 63.8
HLP-58 175 40 0.21 0.03 10 104.5
HLP-59 200 14 0.30 0.03 10 25.6
HLP-59 200 26 0.30 0.05 10 74.2
HLP-59 175 40 0.21 0.02 11 87.3
HLP-60 200 14 0.30 0.03 8 32.8
HLP-60 200 26 0.30 0.05 8 104.9
HLP-60 175 40 0.21 0.02 8 98.3
HLP-61 200 14 0.30 0.03 10 58.8
HLP-61 200 26 0.30 --- --- 208.6
HLP-61 175 40 0.21 0.13 9 215.9
HLP-62 200 14 0.30 0.03 7 4.1
HLP-62 200 26 0.30 --- --- 26.9
HLP-62 175 40 0.21 0.02 8 49.5
HLP-64 200 14 0.30 --- --- 56.0
HLP-64 200 26 0.30 0.06 8 266.6
HLP-64 175 40 0.21 0.03 9 456.2
HLP-66 200 14 0.30 0.03 11.5 ---
HLP-66 200 7 0.30 --- --- ---
HLP-66 175 7 0.21 0.01 11 ---
HLP-67 200 14 0.30 0.21 11 1457.3
HLP-67 200 7 0.30 0.03 8.5 16.5
HLP-67 175 14 0.21 0.03 10 2008.3
HLP-68 200 14 0.30 0.04 11 121.3
HLP-68 200 26 0.30 --- --- 284.4
HLP-68 175 40 0.21 0.03 11 150.4
HLP-69 200 14 0.30 0.04 7 150.8
HLP-69 200 26 0.30 0.14 8 198.3
HLP-69 175 40 0.21 0.03 6 101.6
HLP-71 200 14 0.30 0.03 11 124.6
HLP-71 200 26 0.30 0.06 10 301.5
HLP-71 175 40 0.21 0.01 11 255.3
HLP-72 200 14 0.30 0.04 8 167.2
HLP-72 200 26 0.30 0.04 10 327.1
HLP-72 175 40 0.21 0.02 10 495.6
HLP-74 200 14 0.30 0.02 10 150.3
HLP-74 200 26 0.30 0.05 10 565.3
HLP-74 175 40 0.21 0.02 10 718.2
HLP-75 200 14 0.30 0.03 11 340.1
HLP-75 200 26 0.30 --- --- 406.2
HLP-75 175 40 0.21 0.02 11 461.9
HLP-76 200 14 0.30 0.03 11 1824.3
HLP-76 200 14 0.30 0.04 10 1783.6
HLP-76 175 21 0.21 0.02 8 1608.6
HLP-77 200 14 0.30 0.05 10 1898.2
HLP-77 200 14 0.30 0.03 10 1901.4
HLP-77 175 21 0.21 0.02 10 1857.3




