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ABSTRACT

Liquid high-level nuclear waste will be immobilized at the

Savannah River Site (SRS) by vitrification in borosilicate glass.
The glass will be processed in the Defense Waste Processing
Facility (DWPF) and poured into stainless steel canisters for

eventual geologic disposal. Six simulated glass compositions will

be processed in the DWPF during initial startup. The glass in 86
of the first 106 full sized canisters will be sampled and
characterized. Extensive glass characterization will determine

the following: (I) sampling frequency for radioactive operation,

(2) verification of the compositionally dependent process-product
models, (3) verification of melter mixing, (4) representativeness

of the glass from the canister throat sampler, and (5) homogeneity
of the canister glass.
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INTRODUCTION

Liquid high-level nuclear waste will be immobilized at the
Savannah River Site (SRS) by vitrification into borosilicate

glass. The production process to be used in the Defense Waste

Processing Facility (DWPF) is designed to reliably produce durable
borosilicate nuclear waste glasses. A systems approach to

borosilicate glass formulation was used to simultaneously evaluate

product performance and processing considerations. I-2 Parameters

affecting the product performance, such as chemical durability,

were optimized relative to processing considerations. 1,2 Models

were developed which relate process parameters, such as

viscosity, 3-4 resistivity, 4 and liquidus 5 to parameters that could

easily be measured during glass vitrification, such as glass

composition and melt temperature. The process/product models
relating to glass viscosity, liquidus, and durability form the
basis for the DWPF process control strategy, the Product

Composition Control System (PCCS) .6

As part of the DWPF process control strategy, the final glass
composition will be determined by dissolution and chemical

analysis of a sample of slurry from the Slurry Mix Evaporator,
(SME) that will be vitrified in a crucible. The SME product will,

therefore, meet the process/product constraints before the batch
of feed in the SME is sent to the Melter Feed Tank (MFT) and

subsequently to the DWPF melter. The glass composition will be
verified by analysis of vitrified slurry from the MFT.

The glass melt from the DWPF will be poured into stainless steel
canisters for disposal in a geologic repository. As part of the

product control strategy, the canistered borosilicate waste glass

must comply with the Waste Acceptance Preliminary Specifications
(WAPS) established by the DOE Office of Civilian Radioactive Waste

Management. 7 WAPS specification 1.3 relates to the control of

radionuclide release from the final wasteform. Experimental and
theoretical evidence has demonstrated that the radionuclide

release of the DWPF product can be controlled by controlling the

chemical composition of the

glass. 8-19 The reactivity of the DWPF glasses has been sl_own to
be affected very little by variations in melter residence time,
the size of the melter, or the crystalline content of the

15-22
glass.
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Current plans for the DWPF analytical facility require elemental

analyses to be performed on the vitrified melter feed from the

MFT. This analysis will be used to calculate a release rate for

the glass from the DWPF product quality (hydration thermodynamic)
model in order to comply with WAPS 1.3.

The process/product models will be validated during the DWPF
Qualification Campaigns with simulated waste glass. Eighty six of

the 106 canisters produced will be sampled. The glass samples
will be used to verify glass viscosity, liquidus, and durability

predicted from the process/product models. The product quality
model for glass durability will be verified by performing the

Product Consistency Test (PCT)23-30 on the canister glass and also

on glass samples taken from a special sampler in the throat of the

canister which captures part of the liquid glass stream. 7 The

glass durability model will continue to be validated throughout
the lifetime of the DWPF by performing the PCT on radioactive

production glass samples.

The current study documents the types of experiments and analyses

which are planned for the DWPF Qualification runs when 86 of the
106 full scale canisters are sampled. The details of the proposed

, startup program are given on the following slides:

SLIDE DESCRIPTION

1 Title slide.

2 Objectives slide which explains that the primary

objective of the glass characterization for DWPF startup
is to provide the statistical basis for sampling

frequency for radioactive operation. There are five
subparts to achieving this objective which include (i)
verification of the DWPF process/product models, (2)

verification of the DWPF melter mixing behavior as a

Continuously Stirred Tank Reactor (CSTR),31-32 (3)
verification of glass sampler "sample" as representative

of the glass in the canister, (4) examination of the

homogeneity of the glass in the canister in terms of
chemical composition and redox, and (5) determination of

the crystal content in the canister, if any.

3 The full scale prototypic DWPF canister will be made our
of 304L stainless steel, it will contain ~2600 ibs. of

glass when full to ~91", and will be about i0 foot tall
and 2 foot in diameter.
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4 During DWPF Qualification Runs two different canister

sampling techniques will be used. Some canisters will

be sectioned at 2-foot intervals and the glass sampled
radially from each section. Other canisters will have a
12" wide section of the wall removed over the entire

length of the canister so that the glass can be

mechanically sampled.

5 During DWPF Qualification Campaigns every canister will
be fitted with a specially designed throat protector

which has a steel sampling device that can be inserted

into the melt stream to sample the glass being poured. 7

This picture shows the glass sampler filled with glass

~ 50 grams of glass that has solidified.

6 All 106 canisters produced during DWPF Qualification

Runs will be sampled with the glass sampler. Thirty
canisters will be sectioned at 2 foot intervals and 56
canisters will have the walls removed. The distribution

of canisters sectioned versus those cut open is given
over the 5 DWPF Qualification Campaigns, e.g. initial

conditions campaign, doped average glass campaign, low

glass viscosity campaign, high glass viscosity campaign,
and a return to the baseline glass.

7 The analytic techniques that will be used during the
DWPF Qualification Runs are the following:

• the durability test developed at SRS for DWPF and

designated the Product Consistency Test (PCT) 23-30

• glass dissolution and analysis to determine whole
element chemistry of the glass on an oxide basis

• glass redox (Fe2+/_Fe)

• quantitative x-ray diffraction

• quantitative magnetic susceptibility

• scanning electron microscopy

8 The criteria for the development of the PCT 23,25'27

durability test for DWPF compliance with the WAPS

chemical durability specification 1.3 are as follows:

• Sensitivity to glass composition and homogeneity

- 4 -



• simple sample preparation/procedure for remote
radioactive operation

• short enough test duration for use during

production

• acceptance by waste form developers and the

repository.

9 The PCT was developed over a 6-year period and it is

still undergoing revision for acceptance as a national

consensus by American Standards and Testing Materials

(ASTM) organization. The initial version of the PCT was
drafted in November, 1986. An internal round robin was

held between three researchers at SRS. 23 An external

round robin was held between 1988 and 1989 and included

8 different laboratories. 24 Minor revisions were

incorporated into the PCT in July, 1988 and February,
1989 as a result of findings of the external round
robin. Version 3.0 was submitted to ASTM in January,

1990. 29 At this time it was decided to divide the

procedure into a part A and a part B. Revisions 4.0 and
, 5.0 which included parts A and B were submitted to ASTM

in July, 1991 and again, with minor revisions, in

January, 1992.30

i0 A schematic of the PCT procedure shows that it is a 7-

day test which uses crushed glass in ASTM Type I water
at a constant ratio of volume of solution to mass of

glass powder. The test is performed at 90°C, and the
average glass size is 0.ii mm (100-200 mesh). It is a

static test, the leachates are filtered and analyzed for

pH and elemental release concentrations. A standard

glass is used as a control each time the test is run.

ii Returning to the objectives, we will now discuss one

objective at a time in more detail. In this section of
the talk we will discuss how the DWPF process/product

models will be verified during the DWPF Qualification

Campaign s o

12 The analytic procedures used to meet the objective
called out in slide ii will be the PCT, the whole

element chemistry of the glass, and the redox of the

glass.

13 This slide represents a schematic of the DWPF process
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and demonstrates that vitrified melter feed will be

analyzed for process/product control for all elemental
species and redox after the SME but before the MFT

and again after the MFT but before the melter for

waste compliance reporting. Likewise, the sampler glass
and the canister glass will be analyzed during DWPF
Qualification Campaigns in order to determine how

representative the vitrified SME and MFT samples are of
the glass in the sampler and in the canister.

Comparisons of the chemistry and PCT durability of the
glass in the sampler and the canister will be made as

well. The durability results will also be compared to

the predictions made using the hydration thermodynamic
product model.

14 Based on the results from all the analyses discussed in
slides 12 and 13, DWPF will be able to demonstrate the

following :

• the glass chemistry including the glass redox in
the canister is predictable from the SME and MFT

analyses

• the glass durability in the canister has been

accurately predicted from the glass composition
measured at the SME and MFT by the hydration

thermodynamic product model

15 The next objective to be discussed in detail is that
relating to the verification of the DWPF melter mixing
behavior as a Continuously Stirred Tank Reactor (CSTR) .

16 The analytic procedures to be used to meet the objective
called out in slide 15 will be the whole element

chemistry of the glass, and the redox of the glass.

17 Previous studies with scale glass melters at SRS that

have been doped with Cs have shown a gradual ingrowth of

Cs in the final glass as a function of the number of

melter volume turnovers (see open circles).31 This

ingrowth follows curvature that indicates model stirred
tank reactor behavior as indicated by the solid circles.

18 Similar stirred tank reactor behavior has been studied

in SRS scale glass melters when a reducing feed was feed

into the melter following an oxidized melt campaign. 33

The change in redox during the Scale Glass Melter

Campaign #7, as measured in canisters 1 through 8
followed stirred tank reactor behavior as indicated by

" the solid line.
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19 The next two objectives to be discussed in detail are

the verification of the glass sampler "sample" as
representative of the canister contents and examination

of glass chemical homogeneity in the canister.

20 The analytic procedures to be used to meet the two
objectives called out in slide 19 will be the PCT, the

whole element chemistry of the glass, and the redox of

the glass.

21 Based on the results from all the analyses discussed in
slide 20, DWPF will be able to demonstrate the

following:

• the glass chemistry, redox, and durability measured

on the sampler glass is representative of the glass

throughout the canister

• the glass within a canister is chemically
homogeneous and, therefore, gives a homogeneous

response during the PCT durability testing.

22 Previous studies 33 of chemical homogeneity of glasses

poured into full size DWPF canisters during the Scale
Glass Melter Campaigns, indicated that the glasses

produced were chemically homogeneous.

23 The last objective to be discussed in detail is the
determination of crystal content in the canisters.

24 The analytic procedures to be used to meet the

objective called out in slide 23 will be the

quantitative x-ray diffraction, the quantitative

magnetic susceptibility, and scanning electron
microscopy.

25 This is an x-ray diffraction spectra showing how phases

in crystallized glass can be identified. Silicon is
added as an internal standard and the area under the

major silicon peak is ratioed to the are_ under the
major spinel, acmite, etc. peak in order to develop

quantitative calibration curves. Quantitative
calibration curves for each of the four crystallized

species indicated in the spectra (spinel, acmite,
nepheline and lithium silicate) have already been

developed and the equipment is standardized. Since
spinel is magnetic, and magnetic susceptibility is more
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sensitive to small amounts of spinel but less sensitive

to spinel composition variation than x-ray diffraction,
quantitative magnetic susceptibility curves have also

been developed. Scanning electron microscopy is used to

identify the chemical composition and morphology of the
crystallizing species and to confirm the phase

identification determined by x-ray diffraction.

26 In conclusion, preparations have been made for glass

characterization during DWPF Qualification Campaigns.

This through glass characterization will provide the

statistical basis for determining the sampling frequency
during radioactive operation.
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