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Contamination associated with underground tanks at U.S. Department of
Energy sites and other sites may be effectively remediated by application of
in situ vitrification (ISV) technology. In situ vitrification converts con-
taminated scil and buried wastes such as underground tanks into a glass and
crystalline plock, similar to obsidian with crystailine phases. A radicactive
engineering-scale test performed at Pacific Northwest Laboratory in September
1989 demonstrated the feasipility of using ISV for this application. A 30-cm-
diameter {1Z2-in.-diameter) buried steel and concrete tank containing simulated
tank sludge was vitrified. producing a solid block. The tank sludge used in
the test simulated materials in tanks at Oak Ridge National Laboratory.
Hazardous components of the tank sludge were immobitized or removed and
captured in the off-gas treatment system. The steel tank was converted to
ingots near the bottom of the block and the concrete walls were dissolved into
the resulting glass and crystalline block. Although one of the four moving
electrodes “"froze" in place about haifway into the test., operations were able
to continue. The test was successfully completed and all the tank sludge was
vitrified.
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INTRODUCTION

Underground storage tanks containing sludges and salt cakes of radio-
active and/or hazardous chemicals are present at many U.S. Department of
Energy {DOE) sites. Recent enactment of stringent environmental regulations
requires timely remediation of certain inactive tanks. Studies evaluating
tank remediation alternatives show that many of the tanks can be stabilized in
place. This option not only represents significantly less cost, but the risks
of personnel exposure and environmental release are greatly reduced by elimin-
ating the need tc exhume and handle the contaminated materials. Tanks contain-
ing material that cannot be economically removed and tanks with outlying soil
centamination are likely candidates for in-place treatment by in situ vitri-
fication (I3Y). Funded by the Hazardous Waste Remedial Action Program, this
project provides a technique for cost-effectively remediating contaminated
underground tanks.

In situ vitrification is a process that converts contaminated soils and
sludges intc a durable glass and crystalline product that is similar to obsi-
dian commingled with crystaliine phases. The system is based on the joule-
heating principte of glass melter technology developed at Pacific Northwest
Laboratory (PNL){2) for immobilizing high-level nuclear waste. In situ vitri-
fication was originally tested by researchers at PNL in August 1980 (U.3
Patent 4,376,598 - Breuns, Buelt, and Bonner 1983). S3ince then, this tech-
nology has been developed through a series ¢f bench-, engineering-, pilot-,
and large-scale tests. Vitrification of contaminated soil has been evaluated
in 74 separate tests under a variety of waste and soil conditions. These
inctude 17 pilot-scale tests, each processing 10-50 metric tonnes (t) of con-
taminated soil. and 5 large-scale tests, each processing 400-800 t of con-
taminated soil., In situ vitrification has emerged in recent years as a tech-
nology that is ready for field demonstration and application for many waste
types and soil conditions,

One of the most promising applications for ISV is remediation of under-
ground storage tanks. By filling the tanks with clean or contaminated soil
and vitrifying the tank. tank contents, and surrounding seil., not only are the
tank contents immobilized, but soil contaminated from possible leakage outside
the tank is also stabilized. ATthough only a conceptual analysis has been

{(@)Pacific Northwest Laboratory is operated by Battelle Memorial Institute for
the U.5. Department of Energy under contract DE-ACO06-76RLO 1830,
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performed for underground storage tanks, the cost of the vitrification opera-
tion itself may not be greatly more than for contaminated soil sites. Using
conservative assumptions, the estimated tank vitrification costs represent the
possibility of more than an order-of-magnitude savings in costs over present
orojections for cleanup of tanks containing mixed waste. Consequently. ISV
capabilities are being demonstrated on underground tanks to provide & useful
tool to DOE for remediation actions.

The Underground Tank Vitrification (UTY) project is underway at PNL to
assess the application of ISY in remediating uncerground storage tanks. Since
most DOE sites contain contaminated underground storage tanks, personnel from
each of the major DOE sites were contacted for information regarding the char-
acteristics cof tanks at each site. Based upon site needs. this project is
proceeding in two phases: 1) vitrification of tanks up to 8 m (20 ft)} in dia-
meter containing sludges., and 2) vitrification c¢f large tanks containing
mainly salts. An engineering-scale test was performed as part of phase 1 test-
ing based on data cotained from 33 recently sampled tanks at Oak Ridge
Naticnal Laboratory (ORNL){Autrey et al. 1989). A scaled tank containing a
hazardous and radioactive simulated sludge was used for this engineering-scale
test. The primary purpose of the test was to determine the applicability of
ISV in treating underground tanks containing residual radicactive and hazard-
ous sludges, and to study the immobilization of an underground tank, connect-
ing piping, tank contents. and surrounding soil. Other objectives for the
test are listed below:

« demonstrate ISV cperations on an underground tank

+ evaluate hazardous material retention, immobilization, destruction,
volatilization, and thermal transport effects

+ assess the use of electrode feeding on an underground tank
« evaluate tank pressure effects during ISY operations.

This report oresents the results of the engineering-scale ISV treata-
bility test conducted on a simulated underground storage tank containing a
simulated residual sludge. The report provides conclusicns based on test
results, a brief description of the ISV technology and how it operates, a
description of the specific engineering-scale treatability test, and a summary
and analysis of the test results,



CONCLUSTONS

A radioactive engineering-scale test conducted by PNL in September 1989
has demonstrated the feasibility of using ISY to remediate contaminated
undergreound stcorage tanks at DOE sites, In this test, a2 30-cm-diameter steel
and concrete tank was converted to a solid vitrified block. The tank, which
contained simulated tank sludge and soil. was buried 15 ¢m {6 in.) below

surface,

The contents of the tank were representative of material within the

buried tanks and surrounding soil at ORNL. Conclusions Dased on the test
results are 1isted below:

Metal and/or concrete tanks can be vitrified by filling the tank
with soil and applying ISV.

The electrode feeding system used for this application is adeguate
for UT¥., Electrical shorting through a continuous metallic layer
is prevented py raising one or more of the electreodes in the event
of electrical shorting. In addition. use of coated graphite elec-
trodes, rather than the more expensive and complex
mclybdenum/graphite composite electrodes, is feasible.

Sludge components are destroyed during processing and/or immobi-
1ized in the ISV block. Volatile species are collected in the off-
gas treatment system. High retention (>99.9%) was demonstrated for
nonvolatile metals (Cr. U, Cs. Sr, and Tc). Lower retention
{15-50%) was shown for Pb and Hg: however, volatilized species are
collected in the off-gas treatment system by scrubbing and
filtration.

The vitrified product shows a homogeneous distribution of hazardous
constituents,

No detectable transport of hazardous constituents to surrounding
$oill was observed.

samples of the ISV-generated glass and metal phases subjected to
Extraction Procedure Toxicity (EP Tox) testing each produced leach
concentrations significantly below the U.5., Environmental
Protection Agency (EPA) Timits.
































































































