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Abstract

A Startup Test Program for the Defense Wa:_te Processing Facility
(DWPF) has been formulated to demonstrate that the DWPF can be

operated in a safe, environmentally responsible manner to produce
a product that will meet the requirements of the Waste Acceptance

Preliminary Specifications. Startup will be managed in four

distinct phases: (i) Integrated Water Runs, (2) Cold Chemical
Runs, (3) Waste Qualification Runs, and (4) Radioactive

Operation. Numerous government agencies wish to see successful

startup of the first three phases prior to Radioactive Operation.
Some of these are the Department of Energy(DOE) Office of

civilian Radioactive Waste Management(RW), the DOE Office of

Environmental Restoration and Waste Management, the Environmental

Protection Agency, the Defense Nuclear Facility Safety Board, and

the South Carolina Department of Health and Environmental Control

A variety of feeds will be used for Waste Qualification Runs.

Initial operation will commence with a composite feed with

characteristics designed to approximate those of the initial

waste glass. Actual glass composition versus projected

composition will be compared. A doped-feed operation will follow
to determine the ability of the melter to assimilate a new

composition and the rate of such change. Since the composition

of the waste will vary from waste tank to waste tank, a high-

iron, low viscosity feed will be evaluated to test the lower

viscosity bounds of the process. Conversely, a high aluminum,

high viscosity feed will also be employed to test the upper

viscosity bound. All equipment critical to radioactive operation

of the DWPF will be tested to demonstrate the ability of the DWPF
to produce a product suitable for eventual geological disposal.

Introduction

The production of nuclear materials for national defense purposes

has generated large volumes of high level radioactive wastes. At

the Department of Energy's Savannah River Site operated under
contract by Westinghouse Savannah River Co., these wastes are

currently stored in alkaline form in fifty-one underground tanks.

Currently there are 132,000 m3 of waste containing 562,000 Ci of

radioactivity. I The Department of Energy has constructed the



DWPF at the Savannah River Site to convert this radioactive waste

into stable borosilicate waste glass which eventually will

undergo permanent disposal in a federal repository. A Startup

Test Program for phased operation of systems prior to radioactive
operation will be completed. 2

To produce the desired radioactive waste product, ie.,

borosilicate glass in sealed stainless steel canisters, six major

activities will occur at DWPF. These activities are: hydrolysis

of a precipitate formed in removing radioactive cesium from the
aqueous waste stream; chemical reduction of the solid sludge to

remove mercury which is incompatible with the glass; formulation

of the borosilicate waste glass composition; dehydration and
vitrification in a joule-heated, liquid-fed, ceramic-lined

melter; pouring of the waste glass into canisters which will be

decontaminated and sealed prior to temporary storage; and

treatment of the offgas stream to permit atmospheric discharge.

Mercury removal is not required by the WAPS but as part of the
DWPF process, will be tested.

Waste acceptance criteria that the waste form must meet to be

acceptable for the federal repository have been developed. These

criteria have been formulated into the Waste Acceptance
Preliminary Specifications (WAPS). 3 The WAPS address the waste

form, the canister, the canistered waste form, and quality

assurance of the Waste Acceptance Process activities. The DWPF

has developed a Waste Form Compliance Plan 405 (WCP) for defining
how compliance with each criterion of the WAPS will be attained.

Documentation of the ability to comply with the WCP will be in

the Waste Form Qualification Report (WQR). The chemical contents

and characteristics of each canistered waste form, as specified
in the WAPS, will be described in the Production Records. These

Records will be sent to the repository as evidence that the WAPS
have been met.

The Integrated Water Runs, the first phase of startup, were

designed to verify the basic operability and performance of

designated systems and processes using water as the test fluid.

Cold Chemical Runs, the second phase, will provide the first
opportunity to operate the facility using process chemicals and

simulants to establish baseline process operating data. Waste

Qualification Runs, the third phase, are designed primarily to

demonstrate the ability to make a canistered glass product which

meets the product requirements defined in the WAPS and to provide
some of the technical data for the WQR.

Demonstration of Functionality of DWPF

Before radioactive operation of the DWPF can begin, the

functionality of the overall process must be demonstrated. This

demonstration will include a demonstration of _ampling accuracy,

a method to control the feed composition, characterization of the

melter, and demonstratio_ of offgas decontamination. Part of the

demonstration of the process will be the ability to remove and
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recover mercury from the feed stream. Corrosion evaluations of
the melter are also planned.

Characterization of the melter will be a primary objective of the

Waste Qualification Runs. Obtaining a satisfactory feed

composition and melting it into high quality glass are the
primary bases for producing an acceptable final product. The

melter will be partially filled with a startup frit. Heating

will begin with operation of dome heaters at the top of the
melter. As the startup frit begins to melt, the bottom

electrodes will begin to function. Then once the melter has

reached its operating temperature of about I150°C, liquid feed of

the simulated waste glass will begin at a low rate until the

meltel_ has filled to its operating level. Characterization of

temperature profiles, resistivity, electrical power distribution,
and pour spout and drain valve operations will be integrated with

te_ts required to satisfy the WAPS.

A series of sampling demonstrations will be performed to confirm

both the ability to sample remotely and sampling accuracy for

vapor, liquid, and slurry streams. These sampling demonstrations
will be integrated with determinations of the analytical accuracy

of the DWPF laboratory since melter feed analysis and adjustment

are the primary determinants of melter operation and glass
quality.

The variability of each component of the feed, the extensive

ranges of compositions, and the complex regression analysis

required for numerous correlations require computer computation
for glass formulation and control. Toward this end, the Product

Composition Control System (PCCS) 6 was developed at Savannah

River Technology Center(SRTC) to control the feed slurry. Waste

glass property correlations determine acceptability of the feed

slurry by converting the concentrations and variabilities of

individual slurry elements into predicted final glass properties.
The functionality of the PCCS will be tested during the Waste
Qualification Runs.

The DWPF alkaline waste feed stream must be neutralized during

preparation of feed for the melter to reduce the mercury
contained therein. One or more acids will be used to reduce the

pH of the sludge feed stream from 12 to "7. In other parts of
the process chemical bases will be used. In the melter, the

corrosive, molten glass will attack the refractory liner.

Evaluation of cerrosion of the refractory liner have been

incorporated into the plan for Waste Qualification Runs.

The melter offgas stream will contain both volatile and

particulate materials which must be removed and collected prior
to discharge to the atmosphere. Decontamination of the melter

offgas stream by a factor of 108 is required prior te discharge.

At the start of radioactive operations a radioactive spike test

is planned to evaluate the offgas decontamination capability.



Compliance with the WAPS Requirements

Twenty major criteria are contained in the WAPS. Full scale

operation of the production facility is required to demonstrate

the ability to meet six of these. The most important WAPS

requirement is the demonstration of Product Consistency
(durability) via a leach test on the waste form. This criterion

requires that the release of lithium, sodium, and boron from the

waste glass via the Product Consistency Test(PCT) z be

statistically better than that from a benchmark glass standard,
8

termed the Environmental Assessment glass.

Extensive studies at the SRTC and at other laboratories and

universities of the leach rates of various glasses have shown

that leach rate is primarily a function of glass composition 9 and

only slightly of cooling rate. Since the WAPS establish a limit

for release rate from the waste glass, an envelope of feed
compositions which will produce glass with release rates which

meet or exceed the specifications can be defined. The glass
composition in each canister will be reported based on analyses

of the feed composition to the melter.

Measurements have shown that the DWPF melter acts like a well-

mixed tank. The rate of change of the composition in the melter

with time is given by the relationship:

C = Co(1-e "Ft/v)

where C is the current composition

Co is the steady state composition
F is the feed rate

t is the duration since initiation of a new feed

composition
V is the volume of the tank

The operating viscosity of the gla&_ in the melter will vary with

feed composition between 20 & I00 poises. Four tests will be
conducted to confirm that the DWPF melter will behave as a well-

mixed tank. These tests will inc?ude: operation at the nominal

viscosity using a chemical tracer operation with a low viscosity
glass feed composition, operation _,ith a high viscosity feed

composition, and finally conversion back to the nominal

composition. Evaluation of glass characterics from the initial
feed will confirm the mixing characteristics of the melter under

nominal viscosity conditions, while the other tests will confirm

the mixing characteristics with transitional and extreme

viscosity conditions.

For the ideal situation where the feed tank can be emptied

completely, evaluation of the above equation when the tank volume

has been turned over once, ie. Ft/V = I, shows that 63.2% of the

incremental compositional change has occurred. Recognizing that

heels will remain in the feed tanks, five turnover volumes have

been selected as the quantity of material to be produced for each
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of the selected test conditions. For the DWPF melter, this

calculates to 75,000 ibs of glass per test.

Verification of the product consistency criterion in the WAPS can

be confirmed by sampling and testing the waste feed stream or by
collecting samples of the waste glass. Since the waste glass

will be highly radioactive, only small quantities can be handled

safely in the laboratory. A sampler has been developed which

takes a grab sample of approximately 50 grams while a canister is

being filled. During Waste Qualification Runs chemical analyses
of the grab samples will be compared to those of samples cut from

the associated filled canister to confirm that representative
samples can be obtained with the glass sampler. Samples from the

canister will also be compared to those from the feed tanks.

The chemical and physical stability of the glass must be

demonstrated as a WAPS requirement. Phase stability is primarily

dependent on the thermal history of the glass after pouring.
Tests have shown that glass produced by normal cooling after

pouring has minimal crystalline content and in turn, minimal

change to its leach rate. Thermocouples will be placed on some

of the canisters during Waste Qualification Runs to confirm the
rate of cooling. Additional work has been done at the Savannah

River Technology Center to establish time-temperature-

transformation diagrams that identify the duration of exposure to

any temperature that causes significant changes in the phase
structure, phase composition, or PCT results.

A minimum fill height equivalent to 80% of the volume of the

empty canister is required by the WAPS. The DWPF has two methods

to quantitatively determine the fill height: neutron adsorption

and gamma radiation. During Waste Qualification Runs only the
neutron absorption method will be operational since
nonradioactive simulated feeds will be used° Several of the

canisters produced will be sectioned to determine their fill

heights to compare with the results obtained by neutron

adsorption measurements.

To prevent leaching of the glass and degradation of the canister,
the WAPS require that no free liquids be present in the

canistered waste form. Because of the high temperature during
glass filling, >950°C, the presence of free liquids is precluded.

During canister decontamination prior to final sealing, the use

of the frit slurry used for decontamination could permit water to

enter the canister. A temporary canister closure assembly has
been designed to preshrink into the canister throat after the

canister has been filled but prior to cooling to decontamination
temperatures, <I00°C. This closure to preclude water from

entering the canister will be tested during Waste Qualification

Runs. Some canisters will also be equipped to measure the

pressure of water vapor and other gases in the closed canister.

The last WAPS requirement which will be confirmed during Waste

Qualification Runs is final closure of the canister after
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filling. This criterion requires that the canister be leaktight

to prevent intrusion of liquids or gases into the sealed

canister. The canister will be fabricated under stringent

quality assurance conditions. Following filling and
decontamination, the canister will be sealed closed by making a

resistance weld between the canister nozzle and a plug. A rigid

set of parameters for amperage, pressure, and time will assure

that a satisfactory weld is obtained. A parametric study of

these conditions will be made during the startup test program and

prior to Waste Qualification Runs to assure that an acceptable
operating window has been defined. A leak rate requirement of

<10 .4 atm-cc/sec helium must be met. During these Runs, a number
of filled canisters will be selected and evaluated to ccnfirm

acceptability of the welds produced within the operating window.

Summary

The Startup Test Program for the DWPF has been formulated to
demonstrate that the DWPF can be operated in a safe,

environmentally responsible manner to produce a product that will

meet the requirements of the WAPS. A 4-step program for phased

operation of systems prior to radioactive operation will be

completed. The program identifies the acceptance criteria for

the parameters to be tested. Test procedures will be developed
to verify the design attributes of the various systems and

additionally will verify that the design meets the WAPS and other

acceptance criteria. The Startup Test Program will be complete

when all systems have been successfully tested and the facility
has completed initial Radioactive Operation testing.
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