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ABSTRACT

Pacific Northwest Laboratory is developing the technology of in situ vitrification, a thermal treatment

process for immobilizing radiocactively contaminated soil.

radionuciides into a glass and crystalline form.

A permanent remedial action, the process incorporates

The transportabie process consists of an electrical power system

to vitrify the soil, a hood to contain gaseous effluents, an off-gas treatment System and cooling system, and a

process control station.
INTROOUCT IUN

In situ vitrification is a new process bdeing
developea for the Department of Energy at the Pacific
NorthwesT Laboratory to immobi1lize radioactively con-
taminatea soll. This thermal treatment process con-
verts contaminated soil into a cnemically inert and
staple ylass crystalline product. The product'’s ana-
logue, opsigian, exhipits such extremel, small hydra-
tion rates that the in situ vitrified waste form is
expected to have an effective lifetime of over one
million years.

Pacific Northwest Laboratury began developing
in situ vitrification ([SV) technology in 1980. Since
that time, 36 engineering and pilot-scale tests have
been conducted under a variety of conditions and with
various waste types, proving the feasipility of the
process. The successful results of these tests led to
the design, fabrication, and testing of a large-scale
prototype.

The large-scale process eguipment has been fabri-
cated and installed, and testing is currently underway
with nonradioactive mockups of large-scale contaminated
sites. This paper presents an in-depth description of
the larye-scale process and its capabilities. Pacific
Northwest Laberatory recognizes that [SV is not the
solution to all radioactive management problems, but
judiciously applied, [SV can offer technical and eco-
nomic improvement to state-of-the-art remedial action
technology.

PROCESS UESCRIPTIUN

The ISV process is shown in Fig. l; the large-
scale process equipment in Fig. 2. The process immobi-
1izes contaminated soil and isolates it from the sur-
rounding enviromnent. Controlled electrical power is
distributed to the electrodes, and special equipment
contains and treats the gaseous effluents. The process
equipment required to perform these functions can be
described most easily by dividing it into six major
components:

electrical power supply
off-gas hood

off-gas treatment system
glycol cooling system
process control station
off-yas support equipment.

Large-scale testing of the in situ vitrification process is currently underway.

Fig. 1. The in situ vitrification process.
Except for the off-gas hood, all the components are
contained in three transportable trailers shown in
Fig. 3. They consist of an off-gas trailer, a process
control trailer, and a support trailer. All three
trailers are mounted on wheels sufficient to accommo-
date a move to any site over a compacted ground sur-
face. The off-gas hood and off-gas line, which are
instalied on the site for collection of gaseous efflu-
ents, are dismantled and placed on a flat-bed trailer
for transport. The effluents exhausted from the hood
are cooled and treated in the off-gas treatment Sys-
‘tem. The entire process is monitored and controlled
from the process control station.

DESCRIPTION OF TRAILERS

The off-gas trailer is enclosed and contains an
internal containment module, which houses and isolates
the off-gas treatment equipment. The containment mod-
ule is a large glovebox constructed primarily of stain-
less steel, It isolates operators from processing
equipment, and protects them from beiny contaminated in
the event of an off-normal condition such as a leak in
pressurized piping. The containment module is vented
by two independent blowers operated by either primary
or emergency power and has high-efficiency particulate
air (HEPA) filters at the entrance and exit. A
slightly negative pressure (1 cm of water) is main-
tained within the containment module relative to the
aisles, The off-gas trailer measures 3.6 m wide «x
18.3 m long and weighs 55,000 kg, The maximum height
of the off-gas trailer including the undercarriage is
4.32 m.

The process control trailer is a covered van with
standard hignway dimensions measuring 2.4 m x 13.7 m x
4.08 m nign. All process monitaring operations are

performed from the process control station that is
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Fig. 3. Process trailers for large-scale in situ

vitrification,

located in this trailer. In addition, the trailer
houses miscellaneous support equipment of the off-gas
system, A soundproof wall exists between the support
equipment and the process control equipment. Like the
off-gas trailer, the control trailer is constructed of
aluminum and pafnted steel walls that are insulated
with a noncombustible materijal.

The support trailer houses the electrical power
supply and ylycol cooliny system. The support trailer,
a standard flat-bed trailer, measures 2.6 m x 4.6 m x
1.40 m high. Uverall neight with equipment mounted on
the trailer is 4.1 m. The trailer's total load capac-
ity is 34,100 ky.
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Large-scale process equipment for in situ vitrification.

PROCESS EQUIPMENT

The six major components of the large-scale ISV
process--electrical power supply, off-gas hood, off-gas
treatment system, glycol cooling system, process con-
trol station, and off-gas support equipment--are inte-
grated to provide a flexible system capable of treating
varigus contaminated soils and buried wastes. A des-
cription of individual features and capabilities of the
major components follows.

ELECTRICAL POWER SUPPLY

The electricai power supply provides and regulates
power to the electrodes. It is composed of a 3750-kVA
power supply and 15-kV circuit protection switchgear,

Power is supplied to the electrodes from the
3750-kVA Scott-Tee power supply, which provides 14 dif-
ferent voltage taps. A Scott-Tee transformer converts
three-phase power to a balanced two-phase system.
Voltages are achievable from 4160 V to 440 V at an
amperage from 450 A to 4000 A per elecfrode pair, A
saturable reactor in series with the load controls
power to the electrodes between voltage taps for maxi-
mum efficiency, safety, and control.

Power to the 3750-kVA power supply can be inter-
rupted by the 15-kV circuit protection switchgear
located adjacent to the power supply. Power can be
shut down at the switchgear or remotely from the con-
trol panel. Power interruption to the electrode power
supply will not interfere with power to the off-gas
equipment, Outdoor electrical services are provided
for air sampling and other support equipment. Power
for all lighting, processing equipment and communica-
tion services is provided by circuits that are indepen-
dent from the eiectrode power supply.

OFF -GAS HOQD

The hood contains the gaseous effluents from the
process, provides a confined area for combustion, and
directs the effluents to the off-gas system. Because
it supports the electrodes via insulators, the hood is
grounded. [t measures 12 m x 12 m x 1.8 m high and is
supported by joists. A lifting device is located at
each corner SO that the assembied hood can be reposi-
tioned to a new nearby setting. The hood is con-
structed of 16-gauge stainless steel panels, boltad and



yasketed togetner in a manner that relieves stresses
due to nonuniform thermal expansion. The hood is
sealed to the yround by a high-temperature flexible
skirt, wnich is bolted around the hood's perimeter and
covered with soil. The nood is connected to the off-
Jas trailer by two dU-<r off-gas lir=f (twc are pro-
vided for redundancy). A 3U-cm comoustion air inlet
and a pressure relief valve with high-temperature HEPA
filters are annexed to the hood. The HEPA filters pro-
vide off-yas decontamination of particulates in the
event of pressurization and backflow. The comoustion
air ana off-yas flows are separated by a heat shield
that extends below the hood‘s ceiling. The heat snield
effectively directs comoustion air toward the surface
of the vitrification zone ana keeps the hood-skin tem-
peratures within the 550°C design criteria.

4 TRE

The off-gas treatment system (Fig. 4) cools,
scrubs, and filters the gaseous effluents exhausted
from the hood. I[ts primary components fnclude: a gas
cooler, two wet scrubber systems (tandem nozzle scrub-
bers and quenchers), two heat exchangers, two process
scrub tanks, two scrub soiution pumps, a condenser,
three mist eliminators (vane separators), a heater, a
HEPA filter assembly, and a blower system.

Uue to the additional heat load from nigh concen-
trations of buried solid and liquid organic combusti-
bles, off gases enteriny the off-gas trailer can be
expected to reach a maximum temperature of 750°C., To
keep the size of the heat exchanye equipment manageable
for a transportacle facility, a gas cooler is provided
to remove a major portion of the heat load from the off
yases vefore quenching. The gas cooler is a finned
air-to-ylycol heat exchanger, [t is capable of trans-
ferring 11UV kW from the off gas to a yglycol loop,
cooliny the yases to 3UU°C. The gas cooler can be
bypassed by operating three 40-cm pneumatic-actuated
puttertly valves.

From the yas cooler, the off gas is split and
directed into two wet scrubber systems operating in
parallel. Two scrupbing systems provide an operating
flow range between 30 and 104 standard m3/min. At
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flows less than 60 standard m3d/min, anly one system
will operate. The dual scrub system also provides
redundancy in the event of single component failure.
Each system is composed of a quench tower, a tandem
nozzle scruober, and a vane-separator. The quencher
redire s 1an 3as temperiture frem C00 Lo 6672, and 3.
viges some scrubbing action to remove % of particies
and semivolatile radionuciides. The tandem nozzle
scrubber's primary functions are to remove an addi-
tional 90% of particles that are 0,5-micron dia and
larger, condense remaining semivolatile components, and
provide additional cooling of the off gas. The van
separator that follows each tandem nozzie scrubber
removes ail droplets 12 microns and larger.

The scrub solution injected into the quenchers and
tandem nozzle scruhhars i< rooled thrnuan two single-
pass heat exchan befo beiny ret 'd to the proc-
ess scrub tanks, cach heat exchanger can remove 120 kW
from the scrud solution and transfer each 120 kW of
heat to the glycol solution.

Two independent scrub pumps recirculate the scrub
solution from the process tanks to the wet scrubbers.
Each pump can deliver 510 L/min with a maximum deliver-
abie pressure of 14.5 KPA., In addition, the scrubd
pumps can flush out the gas cooler and off-gas piping
that are not wetted by the wet scrubbers.

Following the scrubber systems, the off gas is
recombined and cooled. A condenser and mist eliminator
provide additional decontamination of the off gas by
condensing it and removing water droplets. The con-
denser transfers 320 kW from the off gas into flowing
glycol. The mist eliminator, a vane separator, removes
droplets 12 microns and larger., Both the condenser and
mist eliminator are rated at 104 standard m3/min at the
outlet,

After the condenser/mist eliminator, the yases
flow to the heater and HEPA filters. To prevent mois-
ture condensation in the HEPA filters, the off ygas is
reheated by the heater, The heater is capable of rais-
ing the off-gas temperature by a maximum of 50°C at
104 standard mi/min, Final decontamination of off-gas
particulates is achieved in the two-stage HEPA filter
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Fig. 4. 0ff-gas system for large-scale in situ vitrification.




assemplies. The first stage is composea of two paral-
lel nousings, each capaoie of holding four 6l-am x
6l-cm x 3U-cm adeep filters. [f a filter's differential
pressure becomes too hiynh, the off gas will be automat-
ically diverted to the parallel housing.

The na.a2o0us eff'uants 2re ir3aw th-ouan t> . f
Jas system components by an induced araft system. The
driving force is provided by a 149-kW (200-hp) blower
capaple of achieviny 104 standard m3/min at 90°C and
=229 on of water. A backup blower rated at one-quarter
the capacity is also provided in the event of failure
of the primary blower, The backup blower is not
intended to provide excess combustion air, but rather
to maintain a negative pressure on the off-gas hood to
prevent direct release of effluents until the process
can be safely shut down. The backup blower is automat-
ically activatad by the process control system when the
header vacuum iS reduced below a preset limit. After
the olower System, the off yases are exhausted to the
stack, which is monitored continuously for radionu-
cliges, NU,, and SU,. The stack is removaole ana
extenas hiyn enough to prevent interference with the
off-yas ana control trailer's heatiny, ventilating and
air conditioniny (HYAC) systems.

GLYCUL AND CUULING SYSTEM

uslycol cooliny solution is pumped between the sup-
port trailer and off-yas trailer to remove the heat
froin the yaseous effluents., The glycol is recirculated
between trailers through flexible jumpers by two pumps
in two independent loops. The glycol recirculating
Cifuuyn Ciie neat excnangers and condensers is kept sep-
arate from the glycol loop for the gas cooler. Both
"loops, however, are assembied in one glycol cooling
assembly wnich is located on the support trailer. The
assembly consists of two fan-cooled radiator systems,
each dedicated to its respective giycol loop. The
entire assembly will remove 1600 kW at an ambient tem-
perature of 38°C.

PRUCESS CONTROL STATION

The process control station consists of a distri-
buted microprocessor monitoring and control system, and
a control console for the power supply. The process
control station monitors and controls important process
parameters. [n addition, it automatically activates
backup equipment or reroutes off-gas flow in the event
that certain equipment fails,

The distributed microprocessor control system con-
sists of three process control units and two operator
interface units. The process control units are connec-
ted to critical and informational sensors located
throughout the process. These include sensor readings
from pressure elements, thermocouples, gas monitors,
and flowmeters. In addition to monitoring key parame-
ters, the control system controls the pressure drop
across the scrubber systems by pneumatic flow control
valve at the blower inlet. The system also controls
the blower inlet vacuum with a separate pneumatic valve
that governs the magnitude of recycle through the main
blower. The system can automatically activate the
standby scrubber system if hood vacuum or oxygen con-
centration were to be reduced. The control system also
provides automatic batch logic sequencing of specific
operations in the event of equipment failure. Ffor
example, in the event of power failure, the control
system will automatically restart the off-gas system in
a preprogrammed sequence. [f pressure drop exceeds
predetermined levels, the system will automatically
activate the parallel HEPA filter assemdbly. And if the
primary blower fails, the system will automatically
shut down power to the electrodes and start the backup
plower.

Altnough the control system is connected to sen-
SOrs ana to ‘an automatic shutdown circuit on the elec-
trode power supply system, it does not directly control
the power supply. A separate control console fulfills
that function. The power supply controller provides
the necessary saturartion current *9 tha sar ran's rpac.
turs Glal guvera the puwer to tne electrodes. This
control module maximizes efficiency of the electrode
power system ana provides a quick reduction in power in
the event of off-standard conditions.

OFF -GAS SUPPORT EQU™nP~™~

Various support and backup equipment are necessary
to ensure the safe operation of the off-gas system.
This equipment provides electrical, water, and air ser-
vices to the off-gas equipment. The support equipment
fnciudes a 750-kVA transformer; a motor control center;
a 112-kVA transformer; a 750-kVA diesel generator; an
air compressor; and a process water supply tank, pump,
and a,itator.

Other than electrical power, the ISV process is
entirely self-contained. Mo outside water, sewer, or
air services are required. Supply and waste waters are
transported by tank truck on an as-needed or scheduled
basis. The process is equipped with its own air comn-
pressor for actuation of the pneumatic valves, and its
own water supply tank for scrub solution makeup.

Power to the off-gas process equipment is provided
through the 750-kVA transformer and distributed by tne
motor control center. The 750-kVA transformer provides
480-V power to the motor control center from a 13.8-kV
supply. If power is interrupted to the transformer, a
transfer switch in the motor control center will auto-
matically activate a standby 750-kVA diesel generator
that {s equipped with its own battery powered cranking
system, This generator will provide emergency power to
all off-gas system components including the pumps and
fans of the glycol cooling assembly, the two scrub
pumps, the heater, the blower system, the air compres-
sor, and monitoring and control instrumentation. The
motor control center, located in the control trailer,
provides power to this equipment as well as to the
power supply control console and the supply pump and
agitator for process water, The 112-kVA transformer,
which provides 240-V and 120-V power from the 480-V
supply, is also located in the control trailer. The
120-V power is also tied into the emergency backup
power generator for emergency lighting.

CONCLUSIONS

The large-scale [SV process, which stabilizes con-
taminated soil in place, is self-contained in a trans-
portable system. The process equipment is mounted in
three trailers for easy transport among various waste
sites. Other than 13.8-kV electrical power, the large-
scale system requires no facility services, such as
compressed air or cooling water,

The ISV process is designed and fabricated using
commercially available equipment., The avoidance of
special design or fabrication results in reduced
capital costs and reduced replacement costs for process
equipment. To control operational costs, the total
system is designed to be operated under normal condi-
tions by two operators per shift. The system's flexi-
ble design features make [SY a viable option for
remedial action for contaminated soil sites,
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