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INTRODUCTION

This report drcusses the results and findings of the demonstration testing of a physical/
chemical treatment technology for mixed wastes. The principal objective of the tests was to
demonstrate the capability of the low temperature thermal separation (LTTS) technology for
rendering PCB-contaminated mixed waste soils as nonhazardous and acceptable for low level
radioactive waste disposal. The demonstration testing of this technology was a jointly-conducted
project by the U.S. Department of Energy (DOE), the Martin Marietta Energy Systems (Energy
Systems) Waste Management Technology Center at the Oak Ridge National Laboratory, and IT
Corporation. This pilot-scale demonstration program testing of YTs thermal separator technology
in Oak Ridge was conducted as pan of the DOE Model Program. This program has private
industry, regulators, and universities helping to solve DOE waste management problems.
Information gained from the DOE Model is shared with the participating organizations, other
federal agencies, and regulatory agencies.

The dilemma of what to do with mixed wastes or soils contaminated with both radioactive
compounds and organics has long challenged the DOE and others who operate nuclear sites.
These soils are difficult to dispose of because neither nuclear waste disposal sit&s nor hazardous
waste disposal sites are permitted to accept these mixed wastes. This test program evaluated the
effectiveness of the LTTS technology in removing the organic contamination by indirectly heating
the soil to temperatures sufficient to vaporize the organics, which left a residue that contained
inerts, radioactive material, and metals that were present in the waste soil. This residue, with
organics removed, becomes much more amenable to further immobilization of contaminants by
fixation/stabilization.

The demonstration tests were conducted at the IT Environmental Technology Development
Center (ETDC) in Oak Ridge, Tennessee on August 16 and 23,1988. The test wastes were
contaminated soils from the DOE uranium enrichment facilities in Paducah, Kentucky and
Portsmouth, Ohio. Each facility furnished for testing one drum of waste soil contaminated with
low level radioactivity and polychlorinated biphenyls (PCBs) at levels less than 50 parts per million
(ppm).

Previous pilot-scale demonstrations of ITs thermal separator technology had been
conducted for the U.S. Air Force Engineering and Service Center on herbicide orange and dioxin-
contaminated soils at the Naval Construction Battalion Center at Gulfport, Mississippi and at
Johnston Island where dioxin levels were reduced to less than 1 parts per billion (ppb).1-2

IT had also demonstrated the decontamination of three different soil matrices (fill, sand,
and organic) from the University of Minnesota Rosemount Research Center site where PCB
concentrations ranging from 250 to 40,000 ppm were reduced to the regulatory acceptable level of
less than 2 ppm.3 Experimental conditions for these demonstrations were similar to the conditions
used during this program.
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PROCESS AND FACILITY DESCRIPTION

General

The LTTS soil decontamination technology is based on the use of indirect heating to
volatilize and separate organic contaminants, such as PCBs from a solid matrix. With this
technology, solids can be decontaminated to levels equivalent to those achieved by incineration.
The organics are volatilized in an indirectly heated rotary calciner and transferred in an inert gas
stream to air pollution control (APC) equipment for removal. In ITs thermal separator pilot plant
system, organics art removed from the gas stream by cooling, condensing, and absorbing them
into a scrubbing solution. When operated in this mode, this treatment process is a physical/
chemical treatment technology.

Figure 1 is a block flow diagram of the complete process. Solids,after preparation and
sampling, were continuously fed to the indirect fired rotary separator unit After sufficient
residence time at the designated operating temperature, the treated solids were discharged into a
container. The volatilized organics were continuously swept out of the separator by a nitrogen
purge.

The off-gas was cooled and scrubbed in a recirculafing water scrubber. The cooled gas
then passed through a refrigerated condenser, a Brinks mist eliminator, a HEPA filter, and two
carbon adsorbers in series before being vented to the atmosphere. This APC system ensured that
no toxic organics or radionuclides from the process were vented to the atmosphere.

The proprietary design and operating procedures employed in the off-gas handling system
prevent the potential of plugging which could be caused by oils, greases, and condensable organics
from the starting soil matrix.

Water from the scrubber was collected in a receiver that served as a separator to allow the
organic phase and any entrained solid particles to settle out The receiver served as a feed tank for
the circulating pumps. The water was recirculated to the scrubber through a bag filter to remove
residual solids and through a heat exchanger to remove heat absorbed from the off-gas.

Waste Preparation and Feed System

Representative contaminated solids excavated from the DOE Portsmouth and Paducah sites
were reduced in size to less than 1/2 inch and screened and homogenized before being placed in
U.S. Department of Transportation (DOT) approved 17H drums. The drums were labeled and
shipped to the IT ETDC (Oak Ridge, Tennessee) in accordance with TSCA and DOT regulations.

Approximately one drum of contaminated solids was used for each of the tests conducted
under this R&D effort The test soil was transferred from the 55 gallon drum and placed into 2
gallon buckets and weighed on a digital electronic scale. The contents of each bucket were
manually transferred to the screw feeder hopper after an aliquot was removed to form a composite
feed sample.

The screw feeder assembly which could handle particles as large as one inch, metered the
soil into the LTTS unit After loading, the feed hopper was sealed to prevent air infiltration into the
system.
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LTTS System

The thermal separator consisted of a continuously rotating tube(chamber), partially
enclosed with a gas-fired shell (furnace). The tube had a 6-1/2 inch internal diameter and was 14
feet, 7/8 inches long. The tube could be rotated at speeds from 1.6 to 16 rpm and also could be
inclined to adjust the flow rate of solids. Typically, a 2 to 3 degree slope was used.

The solids holdup in the separator depended on the solid characteristics, the chamber
inclination, and the rotational speed. The residence time of solids was a function of both the soil
hold up and feed rate.

The outer furnace chamber was refractory-lined. It had 14 equally spaced burners
controlled by a standard burner control system with appropriate safety features. Natural gas or
propane could be used as fuel. Temperature measurements for control or monitoring were taken by
four thermocouples at various locations adjacent to the outer metal wall of the rotating tube beneath
the furnace refractory. The furnace flue gas was discharged directly to the atmosphere through an
exhaust stack. 1 <e separator was rated at 320,000 Btu/hour maximum heat duty. According to the
manufacturer, the maximum heat transferred to material in the inner rotary chamber was estimated
to be 100,000 Btu/hour over a 6 foot heated length. This value depended primarily on the
temperature gradient between the soil (or other solids) being processed and the furnace
temperature. As a calciner, the unit was designed to operate up to 1400 to 1500°F which is well
above the temperature needed for operation as a thermal separator for hazardous or PCB waste
treatment applications.

The end sections of the separator tube were not enclosed by the furnace and, therefore,
provided cooling. The unheated, uninsulated portion of the tube at the solids discharge section
was approximately 2 feet, 10 inches long. The cooling in this zone was enhanced by the use of an
air blower. Electrical heaters were placed on the off-gas plenum and the off-gas transfer pipe at the
feed end to maintain a high temperature in these sections to prevent condensation.

Treated soil exiting the rotary tube dropped through a gas plenum/transition section and a
rotary valve into a metal receiver can. A sight glass in the discharge section of the separator unit
allowed the soil flow to be visually monitored.

The separator off-gas, containing the nitrogen purge with a low concentration of oxygen,
volatilized moisture, and separated PCB contaminants, was transferred through a short transition
duct to the scrubber unit. At the scrubber, water removed the condensable materials by
countercurrent cooling and condensation. Fine particulates carried (entrained) from the separator in
the off-gas were aiso removed. The temperature of the off-gas leaving the scrubber was controlled
to 85°F. Off-gas from the scrubber went through a condenser which reduced the temperature to
40°F. This was followed by a Brinks mist eliminator, a HEPA filter, and two carbon beds in
series before the vent gas was discharged to the atmosphere. The scrubber liquid flowed to the
receiver tank. The receiver had a normal liquid volume of approximately 25 gallons and served as
a separator for condensed water and particulates. Approximately 500 miililitcr (ml) of 40 percent
sodium hydroxide was added to the water charged to the scrubber. This was done to ensure that
any technetium volatilized from the soil during the demonstration was trapped in the scrubber
solutions.

Water from the storage tank was pumped through bag filter units to remove particulates and
through a shell and tube heat exchanger to cool the water to the desired operating temperature. The
cooled water was returned to the scrubber or recirculated to the holding tank, depending on the
flow required for proper scrubber operation.
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Water from the demonstration project was collected in the appropriate process tanks during
the test period. At the end of each test, the water was transferred to a 55 gallon DOT 6D drum. At
the end of the demonstration test period, the accumulated water was returned with all other waste to
DOE.

The thermal separator pilot system had a design capacity of 15 to 150 pounds/ hour of solid
feed and a residence time of 5 to 50 minutes. Operating capacity depended on the required
residence time for treatment and the amount of moisture present in the starting material. The
residence time of materials in the separator was measured by placing colored aquarium gravel into
the feed hopper and visually observing its discharge from the separator. Solids discharging from
the separator while operating at steady state were weighed on a digital electric scale to determine the
feed rate.

Temperatures of solids in the separator unit were monitored by six type K thermocouples
placed along the length of the heated separator chamber. Temperatures of the vapor in the
separator were monitored at two locations using type K thermocouples.

The thermal separation system was designed to prevent fugitive emissions from the process
by operating at a slight negative pressure of 1/4 inch to 1/2 inch of water column. The negative
pressure was maintained by using a small blower to pull the gases through the separator, scrubber,
condenser, Brinks mist eliminator, HEPA filter, and carbon system. The pressure was monitored
with a water manometer and a pressure transducer at the solids discharge end J! the separator.

The carbon in the primary and secondary adsorbers was not changed during the
demonstration.

SAMPLING AND MONITORING PLAN

This process was designed to remove organic contaminants such as PCBs from a mixed
waste solid matrix and to concentrate the organics in a small volume stream to facilitate ultimate
disposal. The success of this project was measured by the ability to treat the solids to a residual
PCB level of less than 2 ppm, thereby enabling the soil to be classified as a low level radioactive
waste rather than a mixed waste.

The main areas of the thermal separator process which were monitored and/or sampled
during the demonstration included:

Temperatures (soil, gas, scrubber)
Contaminated soil feed
Treated soil discharge
Scrubber recirculated liquid
Filter solids
Hot cyclone accumulation
Vent gas.

Figure 1 shows the location of the sample points in the process.

Table 1 indicates the breakdown of the sample points and their relationship to various types
of samples taken and the sampling frequency.
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Table 1. Sample Points and Sampling Frequency

Sample Point
Description

Feed Soil

Treated Sol

Scrubber Liquid

Filter Solids

Cyclone Solids

HEPA Filter

Carbon Primary

Carbon Secondary

Vent

Wipes

Scrubber foam

Sample
Point

01

02

03

09

10

11

12

14

15

16

99

PCB

1 per test

1 per test

NA

1 per test

1 per test

1 per demo

1 per demo

1 per demo

NA

6 per demo

If present

ANALYSIS
PCDD/PCDFa

1 per test

1 per test

NA

1 per test

1 per test

1 per demo

1 per demo

1 per demo

NA

NA

NA

Radionuclide

1 per test

1 per test

1 per test

1 per test

1 per test

1 per demo

1 per demo

1 per demo

Continuous

6 per demo

NA

NA = not analyzed.

PCDD « 2,3,7,8-tetrachlorodibenzo-p-dioxin;
PCDF = 2,3,7,8-tetrachlorodibenzo-furan.
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Sampling Procedures

Feed Soil (SP-01). All drums of contaminated soil were thoroughly mixed and screened
through inch hardware cloth before being brought to the testing site. Loading the feed hopper of
the thermal separator was accomplished by filling a 2 gallon bucket from a drum using a shovel
and/or scoop. Two aliquots of each bucket of material were removed and placed into a separate
container. When all necessary material had been transferred to the feed hopper, all aliquots of each
bucket were then mixed thoroughly and five 8 ounce samples and three samples for volatile organic
analyses (VOAs) were taken of the mixture. These samples were sealed, labeled, coded, and
stored at 4°C until analyzed.

Treated Soil (SP-02). Treated soil collection in a clean 10 gallon can began after the treatment
process had come to steady state conditions for a period of two displacements of the separator
holdup. Treated soil continuously fell from the soil discharge of the thermal separator into a clean
10 gallon container. The treated soil was allowed to accumulate until the container was nearly full
(approximately 50 pounds). The container was then removed and another clean container was
inserted. The treated soil containers were covered, labeled, weighed, and set aside for composite
sampling at the end of the test.

At the conclusion of the test, nine scoops of treated soil were taken from nine different
areas of each container. The soil was placed into a separate container and mixed thoroughly. An
aliquot of this mixture was transferred to five 8 ounce bottles and three VOA bottles; they were
sealed, coded, labeled, and stored at 4°C until analyzed.

Scrubber Recirculated Liquid (SP-03). At the end of each test, the scrubber remained in
operation until the thermal separator was cleared of all contaminated feed. Keeping the scrubber
running ensured that all off-gasses were cleaned and cooled while any residual paniculate was
deposited into the filters. Before sampling, the cover of the scrubber liquid receiving tank was
removed and the inside of the tank was visually observed. The samples were then taken from a
1/4-inch valve located in the scrubber recirculating system. The samples were collected in seven
1-liter bottles and three VOA bottles. These samples were sealed, labeled, coded, and stored at 4°C
until analyzed.

Filter Solids (SP-09). During the testing procedure, the scrubber pump recirculated scrubber
water through dual parallel bag filters to remove any paniculate and to prevent the small orifices of
the spray nozzle from clogging. When the paniculate loading to the scrubber was high, the bag
filters had to be changed during a test run. When a bag filter was changed, the dirty bag was
placed in a clean container with a cover until the test ended. At the end of the test, the bags were
turned inside out to expose the filter cake. A scraper w.- *<sed to remove as much of the cake as
possible from each bag. When all bags for the test had be®; scraped, the cake was thoroughly
mixed and divided between three 8 ounce wide mout! sample bottles and one VOA bottle. These
samples were labeled, coded, and stored at 4°C until analyzed.

Cyclone Solids (SP-10). Entrained solids from the separator were partially removed by a hot
cyclone which reduced the paniculate loading to the scrubber. At the end of the test, all
accumulated material was allowed to fall into a clean container. After mixing, several aliquots were
placed in three 8 ounce wide mouth sample bottles and one VOA bottle. These samples were
labeled, coded, and stored at 4°C until analyzed.
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HEP A Filter (SP-11). Before any gas was discharged from the system, it passed through a
Brinks mist eliminator, a HEPA filter, and two carbon adsorbers. At the conclusion of all testing
on this project, the HEPA filter was removed, sealed on both ends, labeled, coded, and stored at
room temperature until analyzed.

Primary Carbon Adsorber (SP-121 Secondary Carbon Adsorber (SP-141 As
discussed in the previous section, all vent gases passed through two carbon adsorber beds before
being emitted to the atmosphere.

At the end of the demonstration program, the primary and secondary adsorber were
disassembled and a representative aliquot of each was removed and bottled. These samples were
stored at 4°C until analyzed to prevent volatile organic loss.

Vent Samples (SP-15). The process vent was sampled for radionuclides after the HEPA and
carbon filtration system to ensure that no radionuclides were emitted to the atmosphere.

Wipe Samples (SP-16). At the conclusion of the demonstration, all equipment and operating
areas were cleaned and decontaminated. To ensure a successful cleaning process, wet wipe
samples were taken on the following areas:

Inside the scrubber tank
On the floor under the feed hopper
On the floor under the cyclone
On the floor in the soil discharge area
Inside the cyclone
On the floor of the shower change area.

Foam (SP-99). The foam that accumulated in the scrubber run down tank during run 2 was
collected by skimming the foam with strainers. The foam was then weighed and placed in three 8
ounce wide mouth bottles. These samples were sealed, labeled, coded, and stored at 4°C until
analyzed.

PILOT PLANT TEST RESULTS

The primary objective of the demonstration was to demonstrate that the thermal separator,
as a process unit, would separate the toxic organics from the radionuclide-contaminated soils. A
secondary objective of the demonstration was to demonstrate that the thermal separator condenser
scrubber system would condense or capture the volatilized organics, metals, and entrained
paniculate in the exit gas from the thermal separator.

Two tests were conducted during this technology demonstration project on two different
soil samples. The samples were received in 55 gallon DOT 1 'A drums from the DOE facilities in
Portsmouth, Ohio, and Paducah, Kentucky. Both samples contained low levels of PCB Cess than
SO ppm) and low levels of uranium (less than 10 ug/g). The soil from the Portsmouth facility also
contained small amounts of Tc99 (approximately 45.9 pCi/g) and approximately 3.1 percent of the
uranium was present as enriched uranium (U235). The data in Table 2 provide a summary of the
operating data for each run. Experimental variables such as residence time, temperature, and feed
rate for die respective experiments are listed.
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Table 2. Operating Data Summary

Parameter

Date

Test Matrix

Start Time

Finish Time

Total Time at Steady State (hrs)

Test Time (hrs)

Average Soil Temperature (°C)

Soil Retention Time (min)

Soil Feed Rate (lb/hx)

Average Desorber Pressure (in. H2O)

Cylinder (rpm)

Cylinder Slope (in./4 ft)

Run 1

08/16/88

Portsmouth Soil

0030

0500

3.0

1.5

548

19

71

-0.34

14

1-1/8

Run 2

08/23/88

Paducah Soil

0015

0418

2.75

1.5

553

18

66.25

-0.29

13

1-1/8

10
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The total quantity of soil processed through the thermal separator was 408.5 pounds in run
1 and 310.5 pounds in run 2. Approximately 100 pounds was treated during the steady state test
period for each run. Because of the limited duration of the demonstration tests (approximately 4
hours) and the low concentration of organics and radionuclides in the feed streams in relation to the
size of the pilot-scale equipment, an overall material balance was not calculated. Extended run
times of 12 to 24 hours would be required if material balance calculations are a desired objective of
future demonstrations. The process samples,which are described in Table 1, were analyzed for
priority pollutant organics, polychlorinated dibenzo-p-dioxins (PCDD) and polychlorinated
dibenzofurans (PCDF), metals, and radionuclides. Analytical results for PCBs, PCDD/PCDFs,
and radionuclides are presented in this paper. Data on the other contaminants can be found in the
full report on the project.4

PCB Results. Samples submitted for PCB analysis were analyzed by two different procedures,
depending on the sample matrix. Untreated soil samples were analyzed using EPA Method 8080
from SW-846,3rd edition. All other samples submitted for PCB analysis were analyzed according
to the Dry Color Manufacturers Association (DCMA) method.

The EPA had required the use of the DCMA method for the analysis of PCB samples that
had been subjected to chemical or thermal treatment resulting in a shift in the standard Aroclor
patterns.

The DCMA method involved the use of ten PCB congeners, one from each of the
homologue series (monochlorobiphenyl through decachlorobiphenyl). The chromatogram of this
standard mixture was divided into ten windows representing each of the PCB homologues.
Samples were prepared for analysis using Method 8080 SW-846; however, samples were
quantified by comparing each peak with the response factor for the homologue window in which
the peak appears. All peaks with a calculated concentration of greater than 2 ppm were summed up
to give a total PCB concentration in ppm.

The data in Tables 3 and 4 show the results of the PCB analysis for runs 1 and 2,
respectively. PCB concentration in the feed samples are reported as quantified against standard
PCB mixtures of Aroclors 1260,1254, and 1242. Results for the other samples are quantified
using the DCMA Method.

The data show that the starting PCB concentration of 37.5 ug/g (ppm) and 35 ug/g were
effectively reduced to less than 2 ug/g by treatment through the thermal separator while operating at
550°C with a total soil residence time of approximately 19 minutes.

Summary Table 5 contains additional data on the results of the PCB analysis for runs 1 and
2, respectively.

The inert gas exiting from the thermal separator passed through a cyclone to remove some
of the particulates entrained in the gas. The quantity of particulates removed from the gas in the
cyclone was approximately 3 pounds in both runs 1 and 2. The PCB concentration of the cyclone
catch was higher than that of the treated soil. This increase most likely resulted from some of the
PCBs condensing on particulates in the cyclone, and by untreated soil being entrained in the gas
exiting the thermal separator. These concentrations are not of concern because the cyclone catch
would be blended with the feed and reprocessed in a full-scale system.

After passing through the cyclone, the gas exiting the thermal separator was scrubbed and
cooled to approximately 85°F in a scrubber that was located downstream of the thermal separator.
The majority of the volatilised organics were condensed in the scrubber. Because of the very low
theoretical solubility of PCBs in water, approximately 20 to 50 ug/1, the concentration of PCBs in

11
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the scrubber liquid was not analyzed. Previous FT experience showed that because of the presence
of other organics in the scrubber liquid, the PCB concentration is typically one order of magnitude
above the theoretical solubility, 01 approximately 500 ug/1.

No discrete organic phase with PCBs was collected in the scrubber. The small quantities
of PCBs entering and condensed in the scrubber system were primarily absorbed to the filtered
solids or present in a floating foam layer. No foam was formed in the scrubber liquid in run 1.

Approximately 0.5 pound of filter solids was recovered at the conclusion of run 1 and 1.0
pound was recovered from run 2. In run 2, approximately 1 pound of foam accumulated in the
scrubber vessel.

The inert gas and the remaining volatilized organics that were not condensed in the scrubber
system or condenser were passed through a Brinks mist eliminator, a HEPA filter, and through
two carbon adsorbers before being vented to the atmosphere. Samples from these unit operations
were analyzed at the conclusion of the demonstration tests and represented a composite of the non-
condensed organics from both runs. These data (Tables 4-2 and 4-3) show that the APC system
(Brinks, HEPA, carbon) was effective at collecting the residual organics which passed through the
scrubber/condenser system and prevented organic emissions to the atmosphere.

Dioxin and Furan Analytical Procedures and Results

Samples submitted for dioxin and furan analysis were analyzed for both total dioxin and
furans and isomer specific dioxins and furans according to EPA Method 8280. No dioxins were
found in any of the treated process samples. Low levels cf octachlorodioxin were found in the
feed soils at concentrations of 2.1 and 3.3 ppb for runs 1 and 2, respectively.

One ppb of 2,3,7,8-TCDF was detected in the feed soil for run 1, and it was reduced to
nondetectabie levels in the treated soil from run 1. The identification of furans in the filter solids
and cyclone solids were not of concern because these streams would be blended with the feed and
reprocessed in a full-scale commercial system.

Radionuclides Results

The results of the radionuclide data for the process samples from runs 1 and 2 are
summarized in Table 6.

The accuracy of these data was a two sigma error level. This level of accuracy and the
change in mass due to volatilization of water and organics eliminated any statistical radionuclide
concentration differences between the solid process samples. The fact that the radionuclide
concentration remains relatively constant in the process solids indicated that the radionuclide
concentration in the cyclone solids and filter solids was because of paniculate entrainment of soils
in the thermal separator gas, rather than by volatilization and condensation.

The results also demonstrated that the combined runs 1 and 2 radionuclide concentration
were each less than the quantification level in the HEPA filters and in the primary and backup
carbon filters. These results verified that a high paniculate removal efficiency was achieved in the
scrubber system and that no radionuclides were emitted to the atmosphere during the
demonstration.

12
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Table 3. PCBs Analysis-Run 1 Portsmouth Soil

Sample Point
Description

Feed Soil

Treated Soil

Filter Solids

Cyclone Solids

Sample
Point

01

02

09

10

1260
ug/g

37.5

NA

NA

NA

P C
1254
ug/g

<10

NA

NA

NA

Bs
1252
ug/g

<2

NA

NA

NA

DCMA
ug/g

NA

<2

4030

4.4

NA = not analyzed.

Table 4. PCBs Analysis-Run 2 Paducah Soil

Sample Point
Description

Feed Soil

Treated Soil

Filter Solids

Cyclone Solids

HEPA Filter1

Carbon Primary*

Carbon Backup3

Scrubber Foam

Sample
Point

01

02

09

10

11

12

14

99

1260
ug/g

ND

NA

NA

NA

NA

NA

NA

NA

1254
ug/g

9.53

NA

NA

NA

NA

NA

NA

NA

PCBs
1252
ug/g

25.5

NA

NA

NA

NA

NA

NA

NA

DCMA
ug/g

NA

<2.0

4200

2.3

818

92

2.2

4760

'Composite of two runs.
NA = not analyzed.
ND = not detected.

13
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Process
Sample

Feed Soil

Treated Soil

Cyclone Solids3

Scrubber Water

Scrubber Foamb

Filter Solids

I
Cone,

(mg/kg)

37.5

<2

4.4

NA

N/A

4030

Mass
(grams)

6.96

<0.37

0.006

N/A

N/A

0.91

Mass
Percent

100

5.3

0.08

N/A

H/A

13.1

Run 2

Cone,
(mg/kg)

35

<2

2.3

NA

4760

4200

•ntfTTTram

Mass
(grams)

4.94

<0.28

0.003

N/A

2.16

1.90

Mass
Percent

<*>

100

5.7

0.006

N/A

43.7

38.5

^Total mass of cyclone solids was 3.0 pounds in run 1 and 3.0 pounds in run 2.
^No foam was generated in run 1. Approximately 1.0 pound of foam was generated in run 2.
'Total mass of filter solids was 0.S pounds in nm 1 and 1.0 pound in nm 2.
NA = not analyzed.
N/A = not applicable
ND = not detected.

Table 6. Radionuclides Process Data

Process
Sample

R"V -
Uranium

Cone.
(ug/g)

!4ti * M 11W11 <i kWC
Technecium

Cone.
(pCi/g)

Uranium
Cone.
(ug/g)

3

7

14

0.028a

NA

4.2

Technetium
Cone.

(pCi/g)

<0.7

<0.6

2.2

122a

NA

0.9

Feed Soil

Treated Soil

Cyclone Solids

Scrubber Water

Scrubber Foam

Filter Solids

2.3

7.2

2.9

0.12a

N/A

4.2

45.9

30.8

83.9

3.52a

N/A

50.8

aUnits are ug/ml.
N/A = not applicable.
NA - not analyzed.

14
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FINDINGS

The following represent the most significant findings from these demonstration tests:

• Thermal separation effectively separated PCB contamination from a mixed waste to
enable the treated soil to be managed as low level radioactive waste.

• PCB contamination of 37.5 ppm and 35 ppm were reduced to the regulatory acceptable
standard of less than 2 ppm with a total residence time of 19 minutes in the thermal
separator while operating at 550°C.

• Residual total organic carbon in the treated soil indicates incomplete removal of all
carbonaceous materials, probably due to the formation of non-volatile pyrolysis
products.

• At the same operating conditions, mercury contamination of 0.8 ppm was reduced to
less than 0.1 ppm.

• The majority of uranium and technetium in the waste feeds oil remained in the treated
soil. Radionuclide concentration in cyclone solids is due to carry-over of entrained
particles in the exit gas and not due to volatilization/condensation.

• Higher PCB concentration in cyclone captured solids than in the treated soil is attributed
to PCBs condensing on particulates or to entrainment of untreated soil particles in the
gas exiting the thermal separator.

• The mist collector/HEPA filter/carbon adsorption system effectively prevented organics
released from the waste soil from being emitted to the atmosphere.

• Furans were generated and captured in the cyclone solids and in the scrubber filter solids
and foam.

• PCBs and furans in cyclone solids and scrubber filter solids and foam do not represent a
process problem. These waste streams will be recycled to the waste feed for
reprocessing or fed to an incinerator's secondary combustion chamber where they are
thermally destroyed.

• Thermal separation also effectively treated all identified semi-volatile contaminants in the
waste soil to below detection limits with the exception of di-n-butylphthalate in one of
the two runs.

• Although the data are inconclusive, cyanide was captured and concentrated to detectable
concentrations in the scrubber filter solids.

• The proprietary design and operating procedures of the off-gas handling system
prevented any plugging due to oils, greases, and condensable organics from the starting
soil matrix.

15



A1471

REFERENCES

1) Helsel, R.W., et al, "Thermal Desorprion/Ultraviolet Photolysis Process Technology
Research. Test, and Evaluation Performed at the Naval Construction Batallion Center.
Gulfport. MS. For the USAF In$faJjafipft Restoration Program. Volume I, Report No.
ESL-TR-87-28, AFESC, TyndaH AFB, FL.

2) Helsel, R.W., et al, 'Thermal Dcsorption/Ultraviolet Photolysis Process Research Test and
Evaluation Ferformcd at Johnston Island for the USAF Installation Restoration Program.
Volume I, Report No. ESL-TR-87-37, AFESC, Tyndall AFB, FL.

3) "Engineering Scale Demonstration of Thermal Separation Technology for PCB-
Contaminated Soil," July 1988, Available for inspection at Minnesota Pollution Control
Agency, St. Paul, MN.

4) "Removal of PCBs from Mixed Waste Soils bv Thermal Separation." DOE Model report,
Martin-Marietta Energy Systems, Oak Ridge, TN, November 1988.

16


