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EXECUTIVE SUMMARY

This plan summarizes tile activities to be performed during FY 1990 and FY 1991 for
,. the tracer-level radioactive pilot-scale in situ vitrification (ISV) test. This test is the second

step in ewlluating ISV as a remedial action for the pits and trenches at Oak Ridge National
Laboratory (ORNL). A previous test used nonradioactive tracers for cesium and strontium.
This new test will again use a one-half-scale model of trench 7 and the pilot-scale ISV

equipment of Pacific Northwest Laboratory (PNL,). A small and precisely known amount of
waste from a liquid waste disposal pit will be used for the tesi. An actually contaminated
waste site cannot be used for this test because of the necessity to use an exactly known

inventory of radionuclides so that a precise measurement of the volatilization of wlriou:;
constituents to the off-gas can be determined.

The test's four major objectives are these:

1. Demonstrate a reduction in _xvGsaccumulation in the off-gas processing trailer

2. Assess the radiological and operational performance factors associated with
applying ISV to a radioactive site

3. Confirm the durability of an ISV waste form containing radioactive components
4. Evaluate seismic imaging and advanced thermometric methods for monitoring the

progression of melting

" PNL will deliver and operate its pilot-scale, ISV equipment during the fall of 1990.

ORNL will prepare the site and ready existing equipment (off-gas hood and electlodes) for
PNL use. ORNL will sample and characterize waste from an available core from a liquid

" waste disposal pit and determine the chemical and radiological composition. On the basis of
this information, the mini_num amount of this waste (between 2 and 25 g) necessary _o track
tile behavior of key radionuclides through the ISV system will be placed into the test trench.

Samples of off-gas scrub solutions will be obtained during the test for analyses at ORNl_,.
After the ISV mass solidit'ies and cools, samples will be colle'cted and analyzed for their

leachability and their chemical, radiological, and mineralogical composition.

iv
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BACKGROUND

In situ vitrification (ISV), devel_)ped and patented for the Department of Energw
,. (DOE) by Pacific N()rthwest Laborat()ries (PNL), is one technology being considered f()r

remedial action of contaminated sites at the Oak Ridge National Laboratory (ORNL),
Specifically, evaluations of ISV have been conducted for its applicability to seven pits and
trenches containing high levels of radi()activity. Jacobs ct al. (1988) provide a description ()f
the previous pilot-scale apI)licati()n at ORNL, Based on the results from a cold (no
radioactivity) pilot-scale test of ISV (Spalding and Jacobs 1989), a recommendation was made
to proceed to a tracer-level radio_ctivc test at the pilot scale.



OBJECTIVES

1. Demonstrate Reduction in 137CsAccumulation in the Off-Gas Processing Trailer

. The retention of cesium in tile ISV material during the 1987 pilot-scale test was
encouraging at a value of 99.88%. During application to an actual pit or trench, however,
this factor could result in significant radiological hazard to personnel. Therefore, several
engineered methods will be evaluated for their potential to minimize the accumulation of
137Csin the off-gas trailer during the tracer-level radioactive pilot-scale test. The methods t(_
be evaluated include (1) real-time monitoring of the 137Csrelease using radiation monitors
in the ISV off-gas processing system, with feedback to limit power input to the melt to induce
cold-cap formation and to lower melt operating temperature; (2) direct monitoring of melt
temperatures with feedback to power inpul to the melt; and (3) reducing _37Csaccumulation
in the off-gas trailer by inserting a high-efficiency particulate air filter on the off-gas hood
during the interval of the run when the melted mass approaches the depth where the _3VCs
was placed or by incorporating a cesium-selective filter system within the off-gas system but
external to the trailer.

2. Assess Radiological and Operational Activities of the ISV System

The tracer-level, pilot-scale ISV test will contain trace levels of actual waste so that all
activities required during an application of ISV to a contaminated site can be performed and
evaluated. Several operational problems occurred during the cold test, including breakup c_f

• the starter path, spurious radiation alarms, and malfunctions of the power delivery system.
These problems, which are not significant for a cold test, are of great concern during the
application of ISV to a site containing radioactivity. For the cold test, electrodes were placed

" in predrilled auger holes. For a contaminated site, it is advantageous to avoid drilling into
contaminated zones. Therefore, during the tracer-level test, an automatic electrode feeding
system that lowers the electrodes as melting proceeds will be used.

3. Confirm Durability of ISV Waste Form

Ali previous waste forms produced during ISV tests are extremely resistant to leaching
with respect to short-lived radionuclides (e.g., half lives < 1(10years). The presence of
radionuclides and other sludge components likely to be encountered in the pits and trenches
at ORNL is not anticipated to degrade this durability, t-lowever, leach tests will be performed
on the resulting waste form to confirm these assumptions. In addition, a sample of actual
waste from one of the pits will be analyzed and its leachability determined so that a direct
comparison of the improved performance of the waste form can be made.

4. Evaluate Seismic Imaging and Advanced Thermometry for Monitoring Melt Progress

Direct monitoring of melt temperatures during field-scale applicatiov.s of ISV has never
, been accomplished. To provide direct feedback to power input levels so that minimum melt

temperatures (thus, minimum volatility of 137Cs)can be maintained, direct monitoring is highly
desirable. At the anticipated temperature of the melt (1300-2000°C), thermocouples tend

. to lose their calibration quickly. Optical thermometric methods are not susceptible to this
problem. Therefore, in addition to thermocouples, optical pyrometers will be used.
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Fnr cold pilot-scale tests, the depth c_t'melting can be established by using thermocouples
placed into the test trench in a vertical array during its construction. Obviously, during
application to an actual waste site, this method is not feasible because of the contamination

" present. Estimates of depth are usually based on computer models of energy input and the
system s thermal properties. However, as was shown for ORNL sites during the cold
pilot-scale test, the soil's heterogeneous nature makes this model somewhat inaccurate.

" Therefore, nondestructive geophysical monitoring using seismic imaging methods will be
tested in order to identify the progression of melting. Seismic images will be obtained before,
during, and after the melting nnd should be able to resolve the spatial configuration of tlm
melt relative: to the surrounding soil. On the basis of existing information, it is anticipaled
that the resolution of the seismic imnging will be on the order of 0.25 to 0.5 m, sufficient to
see details within the vitrification zone.
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DESCRIPq'ION OF THE WORK

The first phase of the work is to complete several taslcs at PNL. First, a study of the
effect of sodium additions to mixtures of soil and limestone on melt viscosity and electrical

. conductivity has recently been completed. Second, an engineering-scale test was conducted
to examine (1) the effects of the addition of sodium and/or subsurface initiation of melting
and (2) several advanced thermometry techniques. Third, an analysis of acceptable
inventories of 137Csin the PNL off-gas processing trailer is being performed. Fhe results of
this calculation, combined with the analysis of some waste from an ORNL pit, will provide
the basis for selecting an amount of waste to be placed into the pilot-scale test trench. The
amount will probably be between 1 and 10 mCi of t37C.s,which is equivalent to between 2 and
25 g of sludge from pit 2 or 3.

,,

SITE SELECI'ION, CHARACTERIZATION, AND PREPARATION

The trench for the pilot-scale test will be about one-half the actual size of liquid low-level
waste disposal trench 7. The trench will be located within Waste Area Grouping (WAG) 6,
at a site to be chosen for its similarity in topographical, geological, and hydrologi,'al features
to trench 7. WAG 6 was selected as an existing solid waste management unit for this test.
Because WAG 6 is the approved disposal site for radioactive solid waste at ORNL, the
radioactively contaminated glass block resulting from this test can be considered disposed of
in piace. The core and sludge samples taken by Lomenick ct al. (1967) to be used in this test

• are currently stored in area 7811, west of WAG 4. These samples would be disposed ot'
ultimately in a silo or tumulus in WAG 6 anyway. The trench will be filled with crushed
limestone similar to that used for the cold test. Several thermocouple and optical

" thermometry devices will be placed in and around the trench to monitor the temperatures
during and after the test.

Pretest characterization of the site includes measurements of soil moisture, bulk density,
and a survey for unexpected contamination at the site. Geologic information will be collected
on the host soil t'ormation, especially stratigraphic and structural features, since these may
provide avenues for off-gas and water movement from the trench. Cold test results indicated
that no transport occurred in these features, but the characterization will be conducted to
determine that no unique features are present at this new site. A seismic survey will also be
done to provide background information for the imaging to be conducted during tlm test.
The soil and crushed limestone will be analyzed for their mineralogical and chemical
compositions.

During trench construction, a small amount of actual waste sealed in plastic bottles will
be placed at the bottom of the crushed limestone layer. The amount to be added will be
determined during early FY 1991, This determination will be based on several factors. First,
PNL will calculate the maximum amount of 13VCsthat can be accommodated within the

, off-gas processing trailer. ORNL will collect and analyze a waste sample to determine both
the chemical and radiological composition. Residual core material from the pits 2 and 3
characterization study of Lomenick ct al. (1967) will be used as the source of waste. The

. concentration of 137Cs and 9°Sr in the sludge samples ranges up to a maximum of 415 and
32 mCi/kg, respectively, lt is anticipated that between 1 and 10 mCi of 13VCswill be employed
in the test, which would be equivalent to between 2.4 and 24 g of sludge at the highest
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activity in the range of samples. The waste sludge is a mixture of calcium carbonate and illitic
and °Sr, Other rachonuchdes that may be present in smallclay containing mostly 137Cs '_ ' '

amounts may include r'°Co, uranium isotopes, and transuranic elements. It is not anticipated
" that the waste will contain hazardous materials, although the waste sample will be analyzed

for total quantities of hazardous constituents as well as for the leachability of the hazardous
metals (Extraction Procedure Toxicity Test). Considering that 25 g of the sludge will be

" incorporated homogeneously into *.2(),000 kg of glass, the concentration of any hazardous
component would be diluted approximately a millionfold.

TEST ACTIVITIES

During the planned ISV test, extensive thermal data will be collected on the spatial and
temporal progress of the melt and its eiTects on the surrounding area. Thermal monitoring
devices (thermocouple and optical scns{_rs) will be placed within and around the trench and
monitored continuously during the test.

Samples of off-gas scrub solutions will be collected every 2 h during the operation of the
ISV pilot-scale system. Selective duplicate samples will be collected so that analyses can be
conducted at PNL to provide a check on ORNL's results.

Seismic surveys of the site will be conducted several times (frequency to be determined)
during the ISV operation. The source will be a "Betsy" seisgun (8-gauge shotgun) that
delivers a lead slug into shallow, sand-lined holes in the soil that will allow for the complete

- removal of the lead. Geophones will be placed on the surface around the ISV hood, and

vertical arrays of hydrophones will be placed in six boreholes (three on each side of the ISV
hood).

POSTFEST ACTIVITIES

At the end of the ISV melting, the equipment will be shut down, dismantled,

decontaminated, and prepared ['or shipment back to PNL. Details of these activities will be
included in the ISV Test Plan. Wastes ['rem the scrub solutions will be temporarily stored in

appropriate containers and then treated at ORNL for disposal.

Thermal monitoring of the ISV rnass will continue for several months to determine when
the mass will be cool enough for core sampling. Several seismic surveys will be conducted to

confirm the final spatial configuration of the mass and to attempt to identify the zone of

crystallization that is anticipated based on the devitrification behavior from the previous tesl.

When the mass has cooled to near-ambient temperature (estimated time of 2 to

3 months), the site will be characterized for the degree of subsidence that occurred as a result
of melting. Core samples will be obtained then also. Based on the degree of core recovery
and the physical nature of the samples, a determination whether lo partially excavate the mass
will be made.
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Off-gas scrub samples will be analyzed at ORNL (selective duplicates at PNL) for their
chemical and radiological composition. This information, combined with the known quantities
put into the trench, and chemical analyses of core samples will allow a determination of
sml-to-<3tf-gas retention tatters. During the cold test, 99.88% of the cesium was contained
within the ISV mass, lt is anticipated that with the special attention to volatilization
processes, this value can be greatly increased. The 0.12% of the cesium inventory, which was
released to the process off-gas, was completely contained within the off-gas scrubbing and
filtration system. No atmospheric releases of cesium were detected. No atmospheric releases
of radioactivity will result from the off-gas processing system during this radioactive test.

Core samples will be analyzed for their chemical, radiological, and mineralogical
composition. This intbrmation is necessary for the determination of retention factors for the
radionuclides and as supporfing information for interpreting leach tests. Samples of the ISV
mass will be tested for their durability using such leach tests as Materials Characterization
Center tests, the Environmental Protection Agency Toxicity Characteristic Leaching
Procedure, and other standard geochemical tests.
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QUALITY ASSURANCE

The work identified under this task plan will be performed in compliance with the
applicable procedures of the ORNL Quality Assurance (QA) Manual that implements the
QA requirements of DOE Order 5700.6. PNL will adhere to its own organizational QA
procedures consistent with the same DOE order. A QA Plan has been completed and
approved.
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TRAINING

m

Staff involved in the ISV test need special training. PNL will provide trained operators
of the pilot-scale ISV system. ORNL staff participating in the ISV test and the seismic

. surveys require instruction in the following areas:

• Use of respirators
• General radiation training
• OSHA hazardous waste training (40 h)

Prior to the start of the actual test, ali workers will receive training for their specific tasks
and be familiar with the overall working of the ISV equipment. An Operational Readiness
Review will also be conducted prior to the start of the tests to ensure that ali health, safety,
and environmental concerns have been addressed.

NI
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DOCUMENTS ANDPROCEDURES

Detailed procedure's for the actual operation of the pilot-scale ISV system already exist.
PNL has successfully co,_p!_'ted many (> 15) such pilot-scale tests. Existing PNL procedures,
modified as necessary, will be used for this test. Details _.ffthese procedures will be included
in the Run Plan and the Operational Readiness Plan.

Documents that are required for the test are listed and briefly explained below:

• Project Safety Summary: a general description of the activit.ies to be completed and

potential safety concerns; a high-level document th_,z references to more detailed reports
(e.g., Operational Readiness Plan, Test Plan) rather than contains all details

• QA Plan: a description of the QA procedures that apply to tt _.sproject

® Waste Management Plan: a rundown of the storage and disposal procedures for

anticipated wastes

• Test Plan: details of the activities that will be performed before, during, and after the ISV

test; descriptions of the equipment to be used, anticipated results, and interfaces among
ORNL and PNL staff

® Operational Readiness Plan: a detailed plan that addresses health, safety, and
• environmental concerns during the ISV test and contains a cilecklist to be used during the

Operational Readiness Review and safety procedures to be followed during the test

" • Run Plan: detailed procedures to be used during the operation of the PNL pilot-scale ISV

system
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SAFETY AND -'HEALTH:
RISK ASSESSMENT/CONTINGENCY PLAN

Full details of safety and health procedures will be contained in the Project Safety
- Summary, Operational Readiness Plan, and Run Plan. The two main concerns are (1) release

of and exposure to radiation from off-gases and (2) contact with high-w_ltage electricity.
Risks will be minimized through the use of approved procedures, training of ali personnel,
and the use of backups for essential equipment.

Under normal operating conditions, all off-gases are contained within the off-gas trailer
of the pilot-scale system. Although each trailer module is doubly contained, radiation
monitors within the trailer will continuously check the air. If power should be !ost to the
system, an on-site backup generator is aw_ilable. Should some unexpected event occur
without an accompanying loss of power, power to the electrodes would be immediately shut
dowI_ so that the release of off-gases would cease; the generator would allow the off-gas
system to continue to operate effectively.

The test area will be rnarked as a controlled zone to prevent danger from contact with the
high-voltage and thermally hot equipment. (It will also be a radiation control zone.) Such
special equipment as electrically insulated boots and gloves will be required anytime personnel

ii are within the controlled zone.

, Although an uncontrolled release of radiation vent beyond the containment hoods is
II unlikely, plans are in piace to deal with such a scenario. Radiation monitors will bc placed

around the equipment and the controlled zone. Personnel working within the radiation
. control zone may be required to wear respirators so they will be protected against

unanticipated releases. Respirators will also be available within the processing trailer,
although this zone will be continuously monitored for radiation also. At the first sign of
unexpected releases, power to the electrodes would be discontinued, and the greatly reduced
volume of resulting off-gases would continue to be processed.

l
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