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eliminate the hazardous characteristics of the waste being treated and would result in
radionu les being incorporated in a durable leach resistant vitrified product having a
useful I measured in the thousands of years.”

Pg. D-2 3ec D 6.7, 4" para.- Replace “, but is not considered a fully mature technology
duetoa nited experience base” with “. The In Situ Vitrification technology has
undergc  extensive commercial development in the last four years and has been
successfully applied to the treatment of over 20,000 tons of soil contaminated with
hazardor -~ constituents and 4,000 tons of mixed-TRU contaminated soil and debris.”

If you have any question concerning these comments, please contact me or Mr. Jim Hansen at
(509) 375-0710.
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ABSTRACT

The Maralinga Nuclear Test Range, located in South
Austraha, is a former nuclear weapons test site that
was used by the British in the 1950’s and early 1960’s.
Both nuclear detonations (major trials) as well as
chemical detonations of warheads (minor trials)
resulted in extensive contamination of the site. At
Taranaki, Maralinga’s most heavily contaminated
area, a series of mino.  ials involving the explosive
dispersal of plutoniu  and uranium resulting in
extensive contamination of surface soil and generated
massive quantities of wminated debris.  The
heavily contaminated s from the trials was
subsequently buried i1 ries of shallow pits at
Taranaki.
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Preliminary radiochemistry analyses and X-Ray
Fluorescence analyses indicate that the radioactive
materials are uniformly distributed throughout the
vitreous product. Leach tests of the vitrified product
using the Product Consistency Test procedure at 7 and
28 day leaching intervals indicate that the normalized
leach rates are extremely low (<0.1 g/m?) for all oxide
species.

This international application of the ISV technology
on TRU-contaminated buried waste represents a major
milestone in the deployment of the DOE-developed
ISV technology. This paper will present a overview of
the Maralinga Rehabilitation Program and discuss the
two radioactive 1SV demonstrations conducted at the
site.  In addition, plans for the remaining phases of
work will be discussed.

THE MARALINGA SITE

Atomic weapons were developed and tested in
Australia at Maralinga by the British Government
from 1955 to 1963. Sev  atomic  losions during
1956 and 1957 resulted in fission product fallout.
Several hundred ancillary experiments (minor trials)
were conductr  some of which involved e losive
dispersion or burning of metallic plutonium, uranium
and beryllium in the open environment. Weapons
development ceased in 1963, following the Partial
Test Ban Treaty. Several attempts at clean-up of the
Maralinga site were made by Britain. The last was
Operation  Brumby in 1967, during which
contaminated areas of soil were plowed to mix and
dilute the level of surface contamination, and debris
pits containing plutonium were capped with concrete.
The site then reverted to Australian control. letails
of the operations at Maralinga were summarized by
Symonds (1985). Interest in rehabilitation of the site
was revived in 1984 by the Australian Royal
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Maralinga is situated in the State of South Australia,
between the Nullarbor Plain and the Great Victoria
Desert, 40 km north of Watson siding on the Trans
Australia Indian Pacific Railway (Figure 1). The area
of the site is 3,210 km*. Maralinga has a semi-arid
environment with an average of 200-mm annual
rainfall. Average te1 ratures range from 33°C in
January to 18°C in J , with summer temperatures
frequently in exces of 40°C. The weapons
development tests we  :onducted on Tietkens Plain,
an outcrop of limesto  and dolomite, partly covered
by sand and bordered by vegetated sand hills.
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Figure 1. Maralinga
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effective rehabilitation options. The scientific studies
commenced with an aerial radiological survey of the
former test sites, and included field and laboratory
work to assess concentrations of residual radioactive
1sotopes in native foodstuffs, soils and inhalable dusts
at Maralinga.

Dosimetric modeling of potential radiological dose
through the pathways of ingestion, inhalation and
wound contamination during the activities of a semi-
traditional Aboriginal lifestyle led the TAG to
conclude that the current radiological hazard at
Maralinga resulted from the dispersal by chemical
explosion of about twenty-two kilograms of metallic
plutonium in twelve Vixen "B" one-shot minor trials
at the Taranaki test site between August 1960 and
April 1963. In these trials, each nuclear device was
detonated by chemical explosive on an exposed
"featherbed"” structure. The "featherbed" consisted of
massive steel plates and walls of lead and baryte
bricks mounted on rolled steel joists. The detonation
of the devices produced a measurable, but negligible,
nuclear energy yield in most shots. Plutonium was
dispersed as fine oxide dusts, as sub-millimeter
particles, and as surface contamination on larger
fragments of debris from the destruction of the
"featherbed".

REMEDIATION OPTIONS

Engineering studies by the TAG defined a series of
engineering work packages using established
technologies for treatment of contaminated land and
debris pits.

The report by TAG (1990) to the Australian
Government contained nine  1abilitation _ ions and
about 29 sub-options. The options ranged from low
cost/resource/risk (e.g., fencing and exclusion of
contaminated areas) to high cost/resource/risk (e.g.,
collection and disposal of contaminated soil and the
contents of debris pits). The scope of rehabilitation
covered access by semi-traditional Aboriginal
Communities, primarily the residents of Oak Valley,
ranging from casual access to fully unrestricted
habitation.

Data from safety trials conducted at the Nevada Test
Site  (Eberline Instrument Corporation, )6)
indicated that about twenty percent of the plutonium
detonated at Taranaki (i.e., about four kilograms of
plutonium) might have been deposited in the near
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Melt temperatures typically reach [400-2000°C by
passage of (typically) 3 to 4 MW of electrical power
with a square array of tour electrodes. Oftf-gases are
collected for treatment in a steel containment hood
that spans the area being processed. When electrical
power is shut off. the molten mass solidifies into a
vitriftied monolith with unequaled physical. chemical.
and weathering properties compared to alternative
solidification/stabilization technologies. For the
Maralinga application, the ISV process would melt the
soil and debris contained in the pits. The plutonium
oxide would be incorporated into a stable leach
resistant vitreous/ceramic block., with steel debris
melting to form an encapsulated steel ingot.

The ISV process appeared to have advantages of
improved occupational. public, and environmental
safety together with greatly improved containment of
the radioactive materials in the vitrified product that
would be much more durable compared with
alternative stabilization methods. This conclusion was
subject to the proviso that the presence of limestone
and the contents of the pits did not adversely aftect
process efficiency and that the logistics for operation
of the process at Maralinga could be resolved. The
Australian Government decided to proceed on the
basis of an option which involved collection and
trench burial of the more highly contaminated surface
soil, and determination of the applicability of ISV for
stabilization of the contents of the debris pits.
DESCRIPTION OF THE MARALINGA ISV
PROJECT

The ISV project was structured as a four phase
project. Phase 1, conducted in 1993 and 1994.
involved an initial study to determine if the ,V
process was suitable for the application. The study
included a site visit to evaluate the site conditions and
involved engineering-scale ISV tests and crucible melt
studies using debris and uncontaminated soils from
the site. Phase | results indicated that the ISV process
could be applied to the soil and debris combinations at
the site.

Phase 2, conducted in 1995, involved a series of ten
on-site engineering-scale tests and three intermediate-
scale demonstrations to obtain site-specific process
data.












. The vitrified oduct will be a uniform, dense,
hard product of high strength with exceptional
leach resista .

. Plutonium * 1 not be distributed to any
significant extent to other phases in the melt.

. ie ISV pro s can be safely applied to the
materials pre 1t at the Taranaki site.

PLANS FOR SUBSE  ENT PHASES OF WORK

The two radioactiv  demonstrations provided an
opportunity  to un  site-specific  process
performance data to luate the ISV process for this
application. The ¢ will be used to develop a
remedial design plar  r the full-scale application to
determine the most efficient, safe and economical
approach to treat the Taranaki pits with the ISV
technology. In addition, the data is being used to
design a full-scale IS  srocess machine that is being

tailored to accommodate the specific characteristics -

and treatment require  ts of the site. Phase 3 will
involve the constructic ~ “the full-scale ISV machine.
Phase 3 is expected t  »mmence in 1996. Phase 4
involves the actual t  ment of the Taranaki pits.
Phase 4 is expected to imence in 1997.
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