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ABSTRACT 

Pacific Nortnwest Laooratory is developing tne tecnnology of in situ vitrification, a tnermal treatment 
process for irrmooilizing radioactively contaminated soil. A permanent remedial action, the process incorporates 
radionuclides into a glass and crystalline form. The transportable 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 
,irocess control station. Large-scale testing of the in situ vitrification process is currently unde,-..,ay. 

INTROUUCTllJN 

In situ vitrification is a new process being 
develoµea for tne Department of Energy at the Pacific 
Nortnwest Laboratory to i1111100ilize raaioactively con
tami natea soi I. This tnerma l treatment process con
verts contaminatea soi I into a cnemically inert and 
staole ~lass crystalline product. The product's ana
logue, oosiaian, exnioits sucn extrernelJ smal 1 nyara
tion rates that tne in situ vitrified waste form is 
expected to have an effective lifetime of over one 
million years. 

Pacific Northwest Laboratory began developing 
in situ vitrification {ISV) tecnnology in 1980. Since 
tnat time, 36 engineering and pilot-scale tests have 
been conducted under a variety of conditions and with 
various waste types, proving the feasioility 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 equipment 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 
tne lar~e-scale process and its capabilities. Par.ific 
Nortnwest Laboratory recognizes that lSV 1s not the 
solution to all radioactive management proolems, but 
judiciously applied, ISV can offer technical and eco
nomic improvement to state-of-tne-art remedial action 
technology. 

PROCESS UESCRIPTIUN 

The ISV ,irocess is shown in Fig. l; the 1 arge-
sca le ,irocess equipment in Fig. 2. The process inmobi-
11zes contaminated soil and isolates it from the sur
rounding environment. Controlled electrical power ls 
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 treat,nent system 
• glycol cooling system 
• process control station 
• off-~as support equipment. 
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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 ,rove to any site over a compacted ground sur
face. The off-gas hood and off-gas line, which are 
installed 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 control led 
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 being contaminated in 
the event of an off-norma 1 condft ion 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 on of water) ls main
tained within the containment 1110dule relative to the 
aisles. The off-gas trailer measures 3.6 m wide x 
18.3 m long and weigns 55,000 kg. The maxir:,um height 
of the off-gas trailer including the undercarriage is 
4.32 m. 

The process control trailer is a covered van witn 
standard hignway dimensions measuring 2.4 m x 13.7 m x 
4.08 m nigh. All process monitoring operations are 
performed from the process control station tnat is 
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Fig. 2. Larye-scale process equipment for in situ vitrification. 
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Fiy. J. Process trailers for large-scale in situ 
vitrification. 

located In this trailer. ln addition, the trailer 
houses miscellaneous support equipment of the off-gas 
sys ten. A soundproof -a 11 exists bet~een the support 
equipment and the process control equipment. Like the 
off-gas trailer, the control trailer is constructed of 
aluminum and painted steel walls that are insulated 
with a noncombustible material. 

The support trailer houses the electrical power 
supply and ylycol cooliny system. The support trailer, 
a standard flat-bed trailer, measures 2.6 ~ x 14.6 m x 
l.4U m hi~h. Overall neight with equipment 111Junted on 
the trailer is 4.1 m. The trailer ' s total load capac
ity is 34,100 ky. 

PROCESS EQUIPMENT 

The s1x 111c1jor components of the large-scale lSV 
process--electrical power supply, off-gas hood, off-gas 
treatment system, glycol cooliny system, process con
trol station, and off-gas support equipment--are inte
grated to provide a flexible system capable of treating 
various contaminated soils and buried wastes. A des -
cri pt ion of i ndi vi dual features and ca;,aoi lit ies .Jf the 
major components follows • 

ELECTRICAL POWER SUPPLY 

The electrical power supply provides and regulates 
power to the e 1 ectrodes. lt is composed of a 3750-k VA 
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 ach i evable from 4160 V to 440 Vat an 
amperage from 450 A to 4000 A per electrode pair. A 
saturaole 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 sw itchgear 
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 
fQr air sampling and other support equipment. Power 
for all lighting, processing equipment and co1T1111Jnica
ti on services is provided by circuits that are i ndepen
dent from the electrode power supply. 

OFF -GAS HOOD 

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. It ll'easures 12 11 x 12 11 x l.B m hi~h and is 
supported by joists. A I iftiny device is located at 
each corner so that the assemoled hood can be reposi
tioned to a new nearby setting. The hood is con
structed of 16-gauge stainless steel panels, bolted and 
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~asketea toyetner in a manner tnat re l ieves st resses 
aue to nonuniform tnel"lllal expans i on. The hood is 
sealea to tne -Jround by a nign-temperature flexible 
skirt, wnicn Is bolted around tne nooa ' s perimeter and 
coverea witn soil. The nood Is connected to tne off. 
gas t r ailer by two 40-'", f -gas I i ne (t are pro
vi aea for reau naancy). A JO-cm comoust i on air inlet 
and a pressure relief val ve witn niyh-tef111,lerature HE PA 
filters are annexea to the hood. The HEPA filters pro
vide off--JaS aecontamination of particulates in tne 
event ~f pressurization and backflow. The comoustion 
air ana off-l}as flows are separated by a heat snield 
t nat extends below tne nooa's ceiling. The neat snield 
effect i vely directs comoustion air toward the surface 
of tne vitrification zone ana keeps tne hood-skin tem
peratures witn i n the 550°C des i gn criteria. 

UfF-uAS T'Ht:ATMENT SYSTt:11 

The off-gas treatment system (F ig. 4) cools, 
scrubs, and fi l ters tne gaseous effluents exhausted 
from tne nood. Its pr imary components include: a gas 
cooler , two wet scrubber systems (tandem nozzle scrub
bers and quenchers), two heat exchangers, two process 
scrub tanks, two scrub solution pumps, a condenser, 
t nree mist el imi nators (vane separators), a heater, a 
HEPA f i lter assemoly, and a blower system. 

Uue to tne additional neat load from nigh concen
trat i ons of buried so li d and l iquid organic combusti-
b I es, off gases enteri n\l tne off-gas tra i 1 er can be 
expected to reacn a maximum temperature of 750°C. To 
keep tne size of tne neat excnanye equipment manageable 
for a transportaole facility, a gas cooler is provided 
to remove a maJor port i on of tne heat load from tne off 
\lases before quencning. The gas cooler .is a f inned 
ai r-to-ylycol neat excnanger. It is capable of trans
ferring llUU kW fron tne off gas to a ~lycol loop, 
cooling tne gases to JUU°C. The gas cooler can be 
bypassed by operating tnree 40-cn pneumatic-actuated 
but terr· ly va Ives. 

From tne gas cooler, tne off gas is split and 
direct ea into two wet scrubber systems operat i ng in 
para ll e l. Two scrubb i ny systems prov ide an operating 
flow range between 30 and 104 standard ml/min. At 

fl ows less tnan 60 standara ml /min, on ly one system 
will operate. The dual scrub system also provides 
redundancy in the event of si ngle component fai Jure. 
Eacn system is composed of a quench tower , a tandem 
nozz le scruober, and a vane · separator. The quencher 
r d 2s tn. ;c1 mper&tu re fr CJII 00 o 66°C, and or·J• 
vi oes some sc rubb i ng act ion to remove 901 of part i c les 
and semivo lat i le radionuc lides. The t andem nozzle 
scrubber ' s primary functions are to remove an addi
tional 90i of partic les that are O.S-111icron dia and 
larger, condense remaining Sefflivolat1'1e components, and 
provide 1dd i tional cooling of the off gas. The van 
separator tnat follows eacn tandem nozz le scrubber 
removes al l droplets 12 microns and larger . 

The scrub solution inj ected into the quenchers and 
tandem nozz le scrubbers i s cooled througn two sing le
pass heat exchangers Ot!fore bein<J returned to the proc
ess scrub tanks. Each heat exchanger can remove 120 klol 
from tne scrub solution and transfer each 120 kW of 
heat to tne glycol so lut i on. 

Two independent scrub pumps recirculate the sc rub 
solution from the process tanks to the wet scrubbers. 
Each pump can de I i ver 510 L/mi n with a max i IT'IJm de Ii ver
ab le pressure of 14.5 KPA. In addition, the scrub 
pumps can flush out the gas cooler and off-gas pip i ng 
that are not wetted bJ the wet scrubbers. 

Following the scrubber systems, the off gas is 
recombined and cooled. A condenser and mist eliminator 
provide additiona l decontaminat ion of the off gas by 
condensing ft and removing water droplets. The con
denser transfers 320 kW from the off gas into flow i ng 
glycol. The mist eliminator , a vane separator, removes 
drop 1 ets 12 microns ana I arger . Botn the condenser and 
111ist eliminator are rated at 104 standard ml/min at the 
outlet. 

After the condenser/mist el iminator, the gases 
fl ow to the heater and HEPA f i I ters. To prevent 110 i s
tu re condensation in tne HEPA filters, the off gas is 
reheated by the heater. The heater is capable of rais
ing tne off-gas temperature by a maxi mum of 50°C at 
104 standard ml/min. Fi na l decontaminat i on of off -gas 
particulates Is ach i eved in the two-stage HEPA fi lt er 
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Fig. 4. Off-gas system for large-scale in situ vi trification. 
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asserrc Ii es. Tne first stage is com1,1osea of two para I -
lei nousinys, eac:n capaole of holainy fo~r 61-on x . 
61-cm x 3U-cm dee1,1 filters. If a filters differential 
pressure becomes too niyn, the off gas will be automat
ically diverted to the 1,1arallel housing. 

The .s seous ef f u nts are J rawr. t hrough t h_ A ·· 
yas system components Dy an induced draft system. The 
driviny force is provided by a 14\1-kW (200-hp)

0

olower 
capaole of achieviny 104 standard m3/m1n at~ C and 
-229 on of water. A backup blower rated at one-quarter 
tne capacity is also provided in tile event of failure 
of tne primary blower . The backup blower is not 
intended to provide excess comoustion air, but rather 
to nwintain a negative pressure on tne off-gas hood to 
prevent direct release of effluents until tile process 
can be safely shut down. The backup blower is automat
ically activated Dy the process control system when the 
neader vacuum is reduced oelow a preset limit. After 
tne ol ower system, tne off yases are exnausted to tne 
stack, wnich is monitored continuously for radionu-
c 1 1 des, NUx, and :i02• Tne stack is removao I e . and 
extenas niyn enough to prevent interference _w1th tne 
off-yas ana control trailer's neatiny, vent1lat1ny and 
air conditioniny (HVACJ systems. 

ul.YCuL ANU CUUL!Nu SYSTcM 

blycol cooliny solution is pumped between the sup
µort trailer and off-ya_s trailer to remove tne neat 
from tne yaseous effluents. The glycol is recirculated 
oetween trailers through flexible jumpers by two pumps 
in rwo indeµendent loops. The glycol recirculating 
,11rvu,,i11 tue neat excnangers and condensers is kept sep
arate from the glycol loop for the gas cooler. Both 

·1oops, however, are assemoled in one glycol ~ooling 
assemoly wnich is located on the support trailer. The 
assembly consists of two fan-cooled radiator systems, 
each dedicated to its respective glycol loop. The 
entire assembly will remove 1600 kW at an ambient tem
perature of 38"C. 

~ROCESS CONTROL STATION 

The process control station consists of a distri
buted microprocessor monitoring and control system, and 
a control console for tile power supply. The process 
control ·station monitors and contra ls important process 
parameters. In addition, it automatically_activates 
backup equipment or reroutes off-gas flow 1n the event 
that certa1n equipment fails. 

The di stri outed microprocessor contra 1 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 
throuynout tile process. These include sensor readings 
from pressure elements, thermocouples, gas monitors, 
and fl owmeters. In addition to l!l)ni tori ng 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 scMJbber 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. For 
example, in the event of power failure, the control 
system will automatically restart the off-gas system 1n 
a preprogralfflled sequence. If pressure drop exceeds 
predetennined levels, the systern wi 11 automatica 1 ly 
activate tne parallel HEPA filter assembly. And if the 
primary blower fails, the system will automatically 
snut down power to the electrodes and start the backup 
olower. 

Alt~ougn tne control system is connected to sen
sors and to ·an automatic shutdown circu it on the elec
trode power supply system, 1t does not directly control 
t he power supply. A separate co~trol console fulfills 
that function. The power supply controller provides 
the necessary satura ion curren o t he sa r 1 reac• 
to s at 9 v_rn tne power to t he ele trodes. Th is 
control module maximizes efficiency of tne elect rode 
power system and provides a quick reduction 1n power in 
the event of off-standard conditions. 

OFF -GAS SUPPORT EQUIPMENT 

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 tile off-gas equipment. The support equipment 
includes 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~it.ltilr. 

Other than electri cal power, the ISV process is 
entirely self-co~tained. No 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 witn its own air com
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-k VA trans former and distributed by tne 
motor control center. The 750-kVA transformer provides 
480-V power to the l!l)tor control center from a 13.8-kV 
supply. If power is i nterrupted to the transformer, a 
transfer switch in the l!l)tor control center will auto
matically activate a standQy 750-kVA diesel generator 
that is 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 instMJllll!ntation. The 
motor control center, located 1n 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 1s also tied into the emergency backup 
power generator for emergency lighting. 

CONCLUSIONS 

The large-scale ISV process, which stabilizes con
taminated soil in place, is self-contained in a trans
portaole 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 
conmercially available equipment . The avoidance of 
special design or fabrication results in reduced 
capital costs and reduced replacement costs for process 
equipment. To control aperational -costs, the total . 
system is designed to be operatelf under normal condi
tions :>y two operators per shift. The system's flexi
ble design features make ISV a viable option for 
remedial action for contaminated soil sites. 
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