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ABSTRACT

A round robin test program was conducted with a glass that was developed for use as

a standard test material for acceptance testing of low-activity waste glasses made “with

Hanford tank wastes. The program was conducted to measure the between-laboratory

reproducibility of composition analysis and durability test results. Participants were free

to select the methods used to analyze the glass composition. The durability tests closely

followed the Product Consistency Test (PCT) Method A, except that tests were

conducted at both 40 and 90”C, and parallel tests with a reference glass were not required.

Samples that had been crushed, sieved, and washed to remove fines were provided to

participants for tests and analyses. The results are presented in this paper. While the

results are still being analyzed, the reproducibility of both the composition and PCTS

results compare favorably with the results of round robins conducted with other glasses.

INTRODUCTION

A standard test material has been formulated at Argonne National Laboratory for use

in acceptance testing of low-activity waste forms made by a contractor with Hanford tank

wastes.1 The glass was formulated based on the anticipated low-activity waste stream

for pretreated Hanford wastes and possible chemical additives for vitrification of the

waste. A small amount of the material was made in the laboratory and evaluated to

determine the adequacy of many of the tests specified in the contract and the possible use

of the material as a test standard; those scoping tests indicated the material could be used

as a standard.2 About 1000 pounds of the material was procured for use as a standard test

material; it is referred to as the low-activity test reference material (LRM). A round robin

testing program was then conducted to measure the interlaboratory precision for use of

LRM as <1) a composition standard for nonradioactive components of the waste forms

and (2) a standard material for the chemical durability test. The data base generated in

the round robin serves two key purposes: to measure the precision that can be expected
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for laboratory analysis and to measure the reliability of the results of contractor

laboratories during waste acceptance testing.

The composition of waste forms must be known for the following reasons: The

concentrations of all elements present at >0.5 mass ‘ZOand the concentrations (activities)

of all radionuclides present at >0.05 mass % must be reported. In addition, the fee for the

waste packages produced by the contractor will be based on the amount of sodium that

has been immobilized. The chemical durability test is used to provide a measure of the

dissolution rate of the waste form that can be used to estimate the fractional release rates

of radionuclides. The method specified in the contract to measure the glass dissolution

rate in acceptance testing is based on the PCT. The PCT Method-A has been

standardized by the American Society for Testing and Materials for monitoring the

consistency of high-level waste glasses.3 The contract requires that PCTS be conducted at

40 and 90”C.

About 1000 pounds of LRM was procured from Ferro Corporation (Cleveland, Ohio)

for use as a composition and test standard. Although the prototype composition used in

the scoping tests contained small amounts of chloride and tin,t these elements were

excluded from the target composition. It was specified that the glass be fully oxidized

and water quenched to avoid devitrification. The glass was to be crushed to provide the

-4 +100 mesh size fraction, with less than 2.5 mass % –100 mesh, and to be

homogenized. The glass is a borosilicate glass that contains about 20 mass % Na20 and

small amounts of other components that are either present in DOE waste streams or may

be added to immobilized low-activity waste products. The glass also contains small

amounts of Ba, Cd, Cr, and Pb, which are regulated by the Resource Conservation and

Recovery Act. The prototype glass was shown to be non-hazardous per the Toxicity

Characteristic Leach Procedure.2

The glass was homogenized, crushed, sieved to isolate the –100 +200 mesh size

fraction, and washed at ANL. This provided a single source of glass for testing in the

round robin program and eliminated the effects of the efficiency of washing fines from

the glass from the response in the PCTS. About 250 g of sample was prepared and about

17 g of glass was provided to each participant.

No restrictions were placed on the method used to dissolve the glass for chemical

analysis or the analytical techniques to be used, except that the methods used to dissolve

and analyze the glass had to be reported with the analytical results. The composition of

the prototype glass was provided to facilitate selection of the method and analysis.

The participants were instructed to follow the PCT Method A for tests at both 40 and

90”C as closely as possible, except that tests with a standard reference glass were not

required. Key aspects of the test procedure are summarized below:

● Three replicate tests are to be conducted at both 40 and 90°C with between 1 and 1.5

g of crushed glass and a mass of demineralized water (ASTM Type I water) exactly

10 times the mass of glass used.
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Tests are to be conducted for 7-day durations. The times of day a test vessel is

placed in the oven and removed from the oven must agree within 3.4 hours.

The use of unsensitized Type 304L stainless steel vesseis is preferred, but tests may

be conducted with Teflon vessels if steel vessels are not available. The vessel type

used in the tests must be reported and cleaned according to the PCT procedure.

Duplicate blank tests with demineralized water are to be conducted simultaneously

with the tests with glass. The vessels used in the blank tests must have been cleaned

in the same batch as the vessels used in the tests with glass.

The oven temperature must remain within 2°C of the test temperature during the test.

The total mass of the test vessel must not change during the test by more than 5% of

the mass of demineralized water that was initially added to the vessel.

Solutions generated in the tests with glass and the blank tests are to be filtered

through 0.45-ym pore size filters, acidified with concentrated nitric acid, and then

analyzed for B, Na, and Si. Estimated detection limits must be reported.

A model PCT data sheet is provided in Figure 2 of the ASTM procedure. Other data

sheets containing the test information can be used.

While a particular analytical method is not required for solution analysis, the

method(s) used must be reported.

RESULTS
Participants are identified by index letters. In some cases, the same laboratory

conducted more than one composition analysis or set of PCTS. All solution analyses

conducted on the same instrument are treated as replicate tests in this report, and only the

average values are reported. At the time of this writing, results have been received from

all but one participant. Detailed statistical analyses will be done when all results are

available. The results of those analyses and other details, such as the dissolution and

analytical procedures used by the different laboratories, will be reported elsewhere.

Composition Analysis

The results for analysis of the glass composition are given in Table I with the same

number of significant figures reported by the participants. Some laboratories used more

than one dissolution procedure or conducted replicate dissolutions by the same procedure.

The average for results of all samples analyzed with the same analytical technique is

given. The number of samples that were analyzed is given in parentheses after the

laboratory index in Table I. The mean values for analyses conducted at each laboratory

with the standard deviations (s) are included in the table. The percent relative standard

deviation (%rsd) was calculated for the mean of the average values “

Durability Tests

Three sets of triplicate tests were conducted at ANL to measure the effect of the

absolute masses of glass and water used in PCTS at a glass/water mass ratio of 10.0, The
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mean and standard deviation for each set of tests is given in Table II. These results show

no significant effect of the absolute masses of glass and water that are used. Therefore,

data from tests conducted with different masses of glass and water at the same mass ratio

were compared directly.

The mean and standard deviation of the tests conducted at 40 and 90”C are presented

in Table III. Also given are the solution concentrations of Al, B, Na, and Si, which were

measured by most participants with ICP-AES. The mean and standard deviation values

measured by the participants are plotted in Figs. 1a and lb for the tests at 40 and 90”C.

The mean and standard deviation of the means reported by each participant are included

on the right hand side of each plot. Horizontal lines are drawn through the average of the

means to show the between-laboratory variation in the measured values.

DISCUSSION

While a thorough evaluation of these results will be undertaken when the

remaining test results become available, an initial comparison of the available data

provides useful insight regarding the use of LRM as a composition and test standard.

Consider first the results of the composition anaiysis. The %rsd is plotted against the

mean of the measured concentrations for tests with LRM in Figure 2a. As expected, the

%rsd decreases as the concentration increases. Of the elements present at concentrations

of 0.5 elemental mass % or higher, which must be quantified as a part of product

acceptance, the measurement of fluoride had the greatest uncertainty (16.3 % rsd). The

measurement of sodium, 20.18 * 1.05 mass % Na20, had an uncertainty of 5.19 % rsd. A

similar plot is included in Figure 2b for the %rsd calculated from the results of a round

robin that was conducted to measure the compositions of two reference high-level waste

glasses, the SRL EA glass and the West Valley Demonstration Project reference glass 6

(WV6)~ Results from between 3 and 14 participants were averaged for the data in Fig.

2b (note the difference in full scale). (The %rsd values for several elements present at

concentrations <0.1 oxide mass Yo are greater than 100 and have been excluded from

Figure 2b to facilitate comparison with the results for LRM.) The between-laboratory

reproducibility of analyzing the LRM glass is better than that obtained in similar analyses

of SRL EA and WV6 glasses. Both studies show the significantly lower precision that is

achieved for analysis of elements present at concentrations <0.1 oxide mass %. The high

uncertainties associated with quantifying elements present in low concentrations will be

important when determining if radionuclide activity limits are met in the waste forms.

Limits are specified in the Hanford contract for concentrations of 99Tc,90Sr,and ‘37CSin

the low-activity waste form. A composition standard containing these radionuclides is

needed to evaluate how well they can be quantified in waste products.

The between-laboratory precision for analysis of B, Na, and Si from the PCTS at

both temperatures is statistically poorer than the within-laboratory precision. This was

observed during scoping tests with LRM conducted previously and in other round robin



Table I. Compositions of LRM Glass Measured at Different Laboratories, in oxide mass 90

Oxide Target A B c D El E2 F G J Mean *s %rsd

AIz03 10 9.33 9.90 10.05 9.69 9.01 9.33 9.25 9.39 9.91 9.59 * 0.37 3.82

Bz03 8 8.19 7.49 8.23 7.86 7.68 8 7.41 8.25 7.97 7.87 * 0.34 4.34
BaO 0.005 0.0009 0.002 <0.005 <0.004 <().()12 <0.01 - <0.003
CaO 0.5 0.6 0.518 0.488 0.52 0.56 0.61 0,56 0.52 0.46 0.5310.08 15.2

CdO 0.2 0.13 0.149 0.154 0.17 0.17 0.14 0.16 0,18 0.17 0.16+0.013 8.48
cl o <0.1 0.15 0.04 - - <0.003
Cr203 0.2 0.15 0.19 0.173 0.205 0.21 0.23 0.20 0.21 0.18 0.19 f 0.020
F 1 0.86

10.5 “
0.695 - 1 0.89 0.81 t0,13 16.3

Fe203 1 1,46 1.39 1.39 1.51 1.42 1.69 1.06 1.44 1.4 1.38 f0.18 13.4
HgO 0.002 - <0.004 <0.002 - -

1 0.002 - <().()2 <0.004 - - <0.01
K20 1.5 1.77 1.41 1.32 1.27 1.50 1.62 1.58 1.40 1.46 1.43*0.16 11.0

LazO? 0.009 0.005 0.011 0.02 0.03 0.02 - 0.016 0.016 f 0.008 48.3
Li~O - 0.1 0.1 0.168 0.075 0.12 - 0.11 0.09 0..1 0.11 f 0.03 30.7
MgO 0.1 0.11 0.103 0.093 0.11 0.12 0.09 0.10 0.10 0.11 0.10 i 0.009 8.45
MnO 0.1 0.068 0.071 0.0785 0.075 0.11 0.09 0.07 0.08 0.093 0.079 f 0.012 15.2
M003 0.1 0.11 0.087 - 0.11 0.11 0.09 0.09 0.10 0.1 O.lofo.olo 9.88
Na20 20 20.2 17.8 20.4 20.2 18.44 19.53 21.00 21.9 20.8 20.18f 1.05 5.19
NiO 0.1 0.16 0.178 0.173 0.19 0.19 0.23 0.16 0.20 0.19 0.18ik 0.019 10.5
P205 0.5 0.54 0.482 0.548 0.555 0.54 0.48 0.63 0.51 0.45 0.55 ~ 0.060 11.0

PbO 0.1 0.078 0.068 0.107 0.08 0,12 0.08 0.14 0.09 0.096 0.10 f 0.027 26.4
S03 0.2 - 0.230 - 0.435 0.34 0.24 0.30 - 0.28 0.33 ~ 0.084 25.7
Si02 55 55.7 51.99 54.2 55.27 51.94 55.28 53.65 55.2 55.1 54.31 f 1.26 2.31
Sn02 o 0.00007 - 0.02 0.01 0.10 - -
Ti02 0.1 0.11 0.102 0.0885 0.095 0.11 0.14 0.10 0.10 0.1 O.lof. o.ol -12.8
Zroz 1 0.82 0.973 0.866 1.01 0.99 0.84 0.92 0.97 0.95 0.93 * 0.066 7.15

,

Total 99.6538 93.995 98.522 99.9855 93.722 99.79 97.56 100.73 100.825 95.922
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Table II. Effect of Glass/Water Mass Ratio on Response in PCT at 40”C, meants

gGlmJgwmer pH [B], mgiL ma], mg/L [Si], mg/L

08:8.0 9.81 f 0.09 1.10+0.11 15.1 f 0.70 11.6 * 0.75

1:10 9.64 f ().()9 1.16~0.03 15.9 + 0.38 11.9 f 0.30

1.2:12 9.86 k 0.07 1.05 f 0.07 15.2 ~ 0.50 11.2 t 0.60

Overall 9.77 &0.12 1.10 + 0.06 15.420.44 11.6 * 0.35

Table III. Results of PCT with LRM Glass Measured at Different Laboratories, in mg/L

Tests at 40”C

Participant pH [Al] [B] [Na] [Si]

A 10.24 * 0.01 2.35 k 0.08 2.05 * 0.11 22.4 &0.4 15.5 * 0.9

B 9.89 * 0.08 2.30 k 0.09 2.00 t 0.08 19.1 t 0.7 12.8 t 0.6

c 9.95 2.59 22.3 13.5

D 9.98 2.47 21.6 13.1

E 9.41 * 0.01 1.93 t 0.08 2.77 k 0.27 17.9 t 0.10 14.9 f 0.2

F 9.90 + 0.01 2.13 it 0.06 2.33 f 0.06 20.0 t 0.0 12.0 * 0.0

G 9.3 ~ ().1 1.6 ~ 0.3 1.5 f (),()2 15.3 * 0.6 8.1 ~ 0.3

H 10.20 f 0.01 2.56 * 0.14 2.65 k 0.27 18.5i 1.1 14.9 f 0.9

Mean ks 9.86 k 0.34 2.15 ~ 0.34 2.30 ? 0.42 19.6 * 2.5 13.1 *2.4

%rsd 3.45 15.8 18.3 12.8 18.3

Tests at 90”C

Participant pH [Al] [B] ma] [Si]

A 10.98 * 0.01 13.6 k0.2 25.0 f 0.8 173 t 3 83.2 t 1.0

B 11.00 * 0.04 14.5 * 0.5 22.6 k 0.3 158 t 5 84.8 * 1.0

c 11.03 29.2 169 84.1

D 11.05 29.7 170 84.3

E 10.81 t 0.01 13.3 k 0.1 27.9 k 0.2 143 &2 85.7 k 0.3

F 10.98 t 0.02 12.0 * 0.0 26.7 t 1.2 153 t 6 76.3 t 1.5

G 10.6 k 0.01 13.3 t 0.6 26.0 f 0.1 150 * o 75.3 t 1.5

H 10.93 f 0.07 19.0 * 2.1 36.3 k 3.6 202 * 1 l12f8

Mean *s 10.92 f 0.15 12.5* 6.0 27.9 t 4.1 165118 85.7 + 11.3

%rsd 1.37 12.1 14.7 10.9 13.2
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Figure 1. Mean and Standard Deviation of Concentrations of B, Na, and Si for PCTS Conducted

by Eight Participants (a) PCT at 40”C and (b) PCT at 90”C. The mean and standard deviation of

the mean values for each participant is shown by the far right sets of points. The averages of the

means are shown by the horizontal lines.

100,

Mean Oxide Mass % Mean Oxide Mass %

(a) (b)

Figure 2. Percent Relative Standard Deviation for Measured Concentrations for (a) LRM Glass

and (b) SRL EA and WV 6 Glass.

tests? The concentrations of Al, B, Na, and Si can be reliably measured in tests at 40°C. The

%rsd for the average concentrations of these elements are only about 25% higher for tests at 40”C

than for tests at 90°C. The between-laboratory %rsd for boron in tests with LRM at 90”C, which

was 18.390, which compares favorably with the Yorsdfor boron cited for two standard glasses in

the Precision and Bias section of the PCT procedure: 12% for ARM-1 glass and 19.8% for NIST
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reference glass SRM 623. The within-laboratory precision cited in the PCT procedure for these

glasses were 8,1% and 2.070, respectively.

CONCLUSION

A round robin test program has been conducted to measure the between-laboratory variation

in the composition analysis of a standard test material developed for use in product acceptance

tests with low-activity waste glasses. Variations intheresponse measured in PCTs conducted at

40 and 90”C by different scientists were also measured. The analytical precision of the

composition analysis was better than that measured previously in round robin programs with

reference high-level waste glasses. The LRMglass appears to beasuitable composition standard

for nonradioactive components present in the waste form at concentrations of 0.5 elemental mass

% and higher. The PCT results indicate that the within-laboratory precision is better than the

between-laboratory precision. This is probably due, in large part, to day-to-day drift in the

performance of analytical instrumentation. Further analysis of the data is required to determine if

the performance of a laboratory can be evaluated based on PCT results with LRM glass.
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