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RESULTS OF THE DWPF MELTER DRAIN CANISTER, S00209 (U)

M. K. Andrews, C.A. Cicero-Herman, and D. T. Herman
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INTRODUCTION AND SUMMARY

The Savannah River Technology Center (SRTC) was requested by the Engineering Section of the
Defense Waste Processing Facility (DWPF) to characterize the drain canister filled during the DWPF
Proficiency Runs. Testing of this canister, along with testing of the glass samples taken from the
canister, was performed as part of a continuing effort to demonstrate compliance with the Waste
Acceptance Product Specifications (WAPS)' as outlined in the Waste Form Qualification
Coordinating Plan (QCP).?

This report is a summary of the results of the canister filled with glass from the melter drain valve
during the DWPF Proficiency Runs. This summary includes the results necessary for Waste
Qualification, as well as results and observations from other SRTC tests. The following results and
observations were noted during characterization of the drain canister, S00209:

’ No significant changes in canister dimensions were detected after glass filling of the drain
canister S00209. (WAPS 3.11! and QCP objective 2.9.32)

. No significant differences in chemical composition were seen between the glass from the
drain canister and the glass from the melter pour spout.

. The Product Consistency Test (PCT) results for all of the glass samples were at least two
standard deviations below the mean PCT results of the Environmental Assessment (EA)
glass. This demonstrates that all glass produced meets the WAPS 1.3 criterion.! (QCP
objective 2.3.62)

. Several glass samples from canister S00209 were analyzed for crystalline content. The
maximum crystalline content detected in this canister was 0.7 volume percent trevorite,
which did not affect the glass durability. (WAPS 1.1! and QCP objective 2.2.42%)

. Ruthenium was detected in the glass by Scanning Electron Microscopy. No other noble
metals were detected.
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DIMENSIONAL MEASUREMENTS

Thesdimensions of the drain canister both prior to and after glass filling were obtained during the
DWPE Proficiency Runs. The purpose of these measurements was to demonstrate that the canister
dimensions do not significantly change as a result of glass filling. The dimensions of the drain
canister were independently measured by Bechtel Layout (transit measurements) and by SRS Quality
(micrometer measurements).> The dimensional measurements prior to and after filling of canister

S00209 are shown in Appendix 1.

The measurements of canister S00209 prior to glass filling were compared to the procurement
specifications listed below.

117.94 to 118.06 inches

Height:
2.9957 t0 2.9987 m
Diameter: 23.88 to 24.12 inches
60.66t0 61.26 cm
Perpendicularity: 0.050 inches
0.127 cm

The canister height and diameter were within the specifications, but several perpendicularities values
were outside of the specification by a few mils. However in all cases the canister met the WAPS
specifications.

The minimum and maximum measurements and the maximum change in dimensions after filling,
based on the Bechtel Layout measurements, are summarized in Table 1. This table also includes the

acceptance requirement per the QCP2 (WAPS 2.4) for the canister dimensions after glass filling.

Table 1 - Summary of Dimensional Measurements of Canister S00209

Measurement Acceptance Maximum | Minimum | Maximum
Requirement? | Measured Measured Delta
(in) Value (in) Value (in) (in)

Length 118.110 118.049 118.040 0:009
(+0.197,-0.79) :

Diameter 24.0157 24.017 23.934 0.018

(+0.591,-0.39)
Perpendicularity *ok +0.058 -0.073 0.032

** Overall dimensions: Canister must fit within a right circular cylinder,
64.0 cm in diameter and 3.01 m in length.

- The changes shown are considered insignificant relative to the requirements of the WAPS. Thus,
filling of the canister with glass did not significantly affect the dimensions of the canister.

CANISTER SECTIONING

The drain canister was prepared for glass sampling by sectioning using the Building 673-T
Tannewitz bandsaw. Sectioning allowed the entire cross section of the canister to be sampled, from
the center to the wall. Two cross sectional cuts were made on Canister S00209: one at an
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approximate height of 34 inches from the bottom and one at roughly 50 inches from the bottom. A
third cut was made that bisected the lower cross-section, allowing glass samples to be removed from
the bottom of the canister. '

Each cut took approximately ten hours to complete. The cut time is dependent upon the quality of
the blade and the amount of pressure applied. One bandsaw blade is required per cut assuming that
the blade does not break. A cooling fluid was used during the cuts causing a wetting of the glass.
The fluid also permeated through the cracks inherent in the glass causing a large portion of the
section to be wetted. Prior to receipt of the DWPF canisters, tests were performed to ensure that the
glass was not affected by the bandsaw.*

GLASS SAMPLING

A total of fourteen glass samples were removed from the drain canister. Four samples were removed
from the 50 inch cross section and five samples were removed from each of the bisected sections of
the 34 inch cut. No glass discoloration or anomalies were observed in the drain canister glass.

For ease in the identification of the glass samples, the location of the glass sample and the canister
number were used as part of the sample name, along with the prefix “SECT” since the drain canister
was sectioned. After the canister number, which followed the prefix, the distance in inches between
the sample location and the canister bottom, followed by an "H" (for height), was added. Then, the
distance between the canister wall and the sample location, measured in inches, followed by an "R"
(for radial), was included. An additional SRTC number was assigned to each sample. This SRTC
sample identification is given in Table 2 along with the associated height and radial measurement for
the sample location.

Table 2 - Sample location for Canister S00209

SRTC# Height (in) Radial (in)
406 ' 30.0 10.0
407 19.5 10.3
408 16.0 3.9
409 14.0 10.0
410 -] 4.5 10.5
411 | 31.0 10.3
412 25.0 9.3
413 17.5 3.6
414 10.5 9.8
415 4.0 10.3
416 47.5 4.5
417 48.0 3.5
418 47.5 11.5
419 - 47.0 3.5
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CHEMICAL COMPOSITION OF THE GLASS
All of the glass samples were analyzed to determine the chemical composition. Each sample was
dissolved by two separate dissolution methods: microwave dissolution and Na,O, dissolution with
an HC digestion. The resulting dissolutions were analyzed by Atomic Absorption (AA)

- spectrometry and Inductively Coupled Plasma Emission Spectroscopy (ICP-ES) to determine the
cation composition. A Batch-1 Corning glass standard was included with the samples as a control.

The chemical compositions of the fourteen glasses are given in Appendix 2. The results were
averaged and then normalized to allow for a direct comparison to the glass poured from the melter
pour spout (canisters S00144 and S00134). This comparison of the chemical compositions is shown
in Table 3. There are no significant differences in composition between the glass poured from the
melter drain and the glass poured from the melter pour spout.

Table 3 - Normalized Chemical Composition Comparison of the Drain Canister (S00209)
and the Melter Pour Spout Canisters (500144 and S00134)

Oxide | Drain Can S00144 S00134
Normalized | Normalized | Normalized
Average Average Average
AlLO; 4.679 4.835 4.753
B,03 7.601 7.346 7.599
CaO 0.923 0.923 0.923
CrO3 0.338 0.337 0.355
CuO 0.398 0.461 0.379
Fe,03 10.883 10.877 11.013
K,O 2.321 2.883 2.529
Li,O 3.960 4.008 4,033
MgO 1.566 - 1.508 1.522
MnO 2.194 2.304 2.286
Na,O 10.199 10.133 10.203
NiO 0.750 0.796 0.735
PbO 0.061 0.129 0.039
Si0, 52.927 52.143 52.407
TiO, 0.303 0.319 0.309
ZrQ, 0.896 0.998 0916

PRODUCT CONSISTENCY TEST (PCT) ,
The PCT® was performed on all of the glass samples. Each sample was tested in triplicate with the
appropriate blanks and standards. The results of the standards and blanks indicated that the PCT
results were acceptable. The average PCT releases for several elements were measured. These
values were used along with the composition of the glass to calculate the average normalized release
for boron, sodium, and lithium. The leachate pH was measured as part of the PCT protocol and
provides a secondary indication of glass durability.
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The normalized elemental releases for each of the glass samples are reported in Table 4. The results
indicate that the DWPF met the acceptance criteria as defined in the QCP? for the effectiveness of
the Glass Product Control Program,® which states that the glass produced must be at least two
standard deviations better than the Environmental Assessment (EA) glass.7 The measured leachate
pH for each glass sample is also provided in Table 4.

Table 4 - PCT results (in g/L) of drain can

SRTC# B Na Li pH
406 0.610.11 0.61 +0.37 0.66 £ 0.09 10.42
407 0.59 £0.33 0.58 + 1.01 0.63 +0.63 10.58
408 0.61+0.07 0.60+0.23 0.65 £ 0.06 10.44
409 0.61%0.15 0.60 +0.27 0.66 £ 0.10 10.47
410 0.60 +0.24 0.59 + 0.69 0.64 + 0.20 10.45
411 0.59 +0.07 0.61 £0.24 0.64 + 0.09 10.41
412 0.60+0.11 0.60 +0.32 0.64 +0.10 10.42
413 0.63 +0.06 0.63 £0.22 0.67 +0.05 10.47
414 0.61£0.19 0.62 + 0.65 0.66 +0.18 10.51
415 0.58 £0.24 0.60 +0.74 0.64 + 0.24 10.47
416 0.60 + 0.45 061+141 | 0.66+0.39 10.52
417 0.62 +0.10 0.60 +0.30 0.67 £ 0.08 10.52
418 0.59 +0.25 0.60 +0.77 0.66 + 0.25 10.50
419 0.60 £ 0.29 0.60 + 0.94 0.65 +0.28 10.51
EAS 16.7 13.3 9.6 11.85

CRYSTALLINE CONTENT

X-Ray Diffraction (XRD) was used to identify the crystalline phases present in several of the glass

samples. XRD samples were prepared by adding 10 wt% silicon to <200 mesh powder of each glass.
The major peaks present in each sample were identified and the ratio of the integrated intensity of the
reflection from the peak to the integrated intensity of the Sij1; reflection calculated. This method is
known as the "internal standard" technique.” Scanning Electron Microscopy (SEM) was performed

~ on the same samples to confirm the XRD results and to determine the chemical composition of any
crystalline phases present. Table 5 summarizes the XRD and SEM results on the selected samples.

Table 5 - XRD and SEM Results for the Drain Canister

SRTC# Sample Height XRD Results SEM Results
(inches) (vol% trevorite)

406 30 0.6 Trevorite, Ru

409 .14 0.4 Trevorite, Ru

412 25 0.5 Trevorite, Ru

415 4 0.3 Trevorite, Ru

418 47.5 0.7 Trevorite, Ru
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The/highest detected crystallization was in sample #418, which was taken at a height of 47.5 inches
from the bottom and close to the center of the canister. The crystals could have formed in the bottom
of the melter and drained into the canister, or they could have formed in the canister upon cooling.
Regardless of how the crystals were formed, the crystalline content found in this canister did not
affect the measured durability. Previous studies’® have shown that small amounts of trevorite do not
significantly affect the durability of the glass.

SEM results confirmed the presence of trevorite consisting of nickel-iron oxide with some
manganese substitution. SEM also indicated the presence of ruthenium, generally as a separate
entity near the crystal formation. Significant quantities of ruthenium were not detected in the
chemical analysis of the glass.
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Appendix 1
Measured Dimensions of Canister S00209

Bechtel Layout performed the transit measurements as the primary measurement and SRS Quality

performed micrometer measurements as a verification
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, Appendix 2
Measurgd Chemical Compositions of Glass Removed from Canister S00209
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