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SUMMARY

This treatability study iest pian will be used by Pacific Northwest Laboratory (PNL) to

- direet pilot-scale-testing of the insitu vitrification ISV)-technology. This treatability siudy will use

the pilot-scale ISV unit to demonstrate the ISV process as a physical stabilization technique for

--— -~ -Tetrieved buried waste:-Anengineered tesi siie containing nonhazardous and nonradioactive

.....

material representative of waste to be retrieved from the 100 Area of the Hanford Site at Richland,
Washington, will be used for this demonstration. Because elements of the dynamics associated
with the ISV processing of sealed containers are currently unknown, sealed containers will not be
included in the simulated waste matrix. In addition to demonstrating the ISV technology as a
physical siabilization technique, the piiot-scaie demonstration will aliow researchers to collect field
data that will assist in identifying the operating limits for this application, provide the basis for
modifying the full-scale equipment for this application, and provide processing information for
estimating fuil-scale operating costs.

This test plan describes the procedures to be used to test the ISV process on the engineered
test site, including a complete description of the engineered test site, the ISV process, the test
objectives, and the experimental design. It also includes procedures for sampling and analysis,
data management, analysis and interpretation, health and safety, waste management, reporting,
scheduling, and test specific procedures. The Engineering Analysis, Sampling and Analysis Plan,

_..and Quality Assurance Project Plan for this treatability study are attached as appendixes.

This treatability study is part of the overall remedial investigation and feasibility study being
performed for the 100 Area of the Hanford Site (DOE 1992). This treatability study is one of
many that is being performed as part of the "Development and Screening of Alternatives” phase of
the feasibility study (EPA 1988). Results from this treatability test will be used to evaluate the ISV
technology as a physical stabilization technique based on its effectiveness, implementability, and
cost. If the ISV technology is selected as a physical stabilization technique based on these
evaluation criteria, the next phase of the study would be to analyze the feasibility of integrating the

- -~ ISV-technelogy-into-an-overali remedial sirategy for the 100'Area. Because this treatability test
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does not contain hazardous or radicactive materials, further treatability studies containing such

. materials will be needed to obtain the necessary data for this detailed analysis phase. The inclusion
of hazardous and radioactive materials are not necessary for this pilot-scale test since its purpose is
to evaluate the ISV technology only as a physical stabilization technique.
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1.0 PROJECT DESCRIPTION

1.1  TREATABILITY STUDY
- In situ vitrification (ISV) is proposed as a physical stabilization technique for burial ground

- - - - waste retrieved from the 100 Area. Qriginally developed for contaminated soils, ISV is a thermal

treatment technology that converts contaminated soils to a glass and crystalline product. The ISV
product has been shown to have a compressive and splitting tensile strength approximately ten

a1 1.

- —-times that of unreinforced concrete and has very good leach resistance properties (Buelt et al.

1987). In addition to these desirable product qualities, the ISV process is versatile in nature
relative to the waste site parameters that it can process (e.g., soil type, soil moisture, and soil
inciusions) (Buelt and Thompson 1992).

This treatability study will utilize the pilot-scale ISV equipment to demonstrate the ISV
~ process as a physical stabilization technique for compressible waste. An engineered site containing
nonregulated, nonhazardous, and nonradioactive material representative of waste to be retrieved
from the 100 Area will be used for this demonstration. Due to a current lack of understanding of

__..__the dynamics associated with the ISV processing of sealed containers, sealed containers will not be

. included in the simulated waste matrix. In addition to demonstrating the ISV technology as a
stabilization technique, the pilot-scale demonstration will collect field data that will assist in
identifying the operating envelope for this application, provide the basis for modification of full-

~_...scale equipment for this application, and provide processing information necessary to estimate fuil-

scale operating costs.

1.2 BACKGROUND

This ISV demonstration is one of many treatability studies identified for the 100 Area of the
Hanford Site (DOE 1992). Treatability studies provide necessary site-specific data necessary to
support remedial actions. These treatability studies serve two primary purposes:

. to aid in the selection of a remedy
. to aid in the implementation of the remedy.

1.1
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The ISV treatability study will provide data necessary to evaluate the ISV technology as a physical
stabilization technique for retrieved burial ground waste from the 100 Area.

In the 100 Area of the Hanford Site, direct land burial was used to dispose of solid, low-
level radioactive wastes associated with reactor operations (Miller and Wahien 1987). From 1944
through 1973, the waste was buried in 28 locations which have been identified as burial grounds.
Table 1.1 provides information on the estimated solid waste disposal contents in the 100 Area. As
shown in Table 1.1, there is a significant inventory of metallic (aluminum and lead) and other
waste (soft waste, desiccant, miscellaneous material). The nonmetallic wastes, and some of the
metallic waste, are expected to be compressible. This compressibility represents a potential
mechanism for future subsidence once the material is disposed of in a central landfill. In addition,
long term degradation of material may also contribute to future subsidence. Subsidence is of
concern because it has the potential to compromise the long-term integrity of a barrier placed over a
landfill. Stabilization of the waste form disposed of in a central landfill and/or construction of a
barrier resistant to long-term subsidence are methods to ensure the long-term integrity of the

protective barrier.

1.2
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TABLE 1.1. Estimated 100 Area Solid Waste Disposal Site Contents. Adapted
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from Miller and Wahlen (1987)

T anAd

, D..ﬁ"_il oV:.- - Le Aluminum’
. 118-B-1 300 _

118-B-24 -
118-B-34 -
118-B-44 -
118-B-54 -
118-B-6 18.0
118-B-74 -
118-C-1 238
118-Cc-25 -
118-D-16 -

118-D-3 23.
118-D46 -
118-D-56 -
118-DR-16 -
118-F-1 238
118-F-27 -
118-F-37 -
118-F-47 -
118-F-58 -

. 118-F-69 -
118-F-77 -
118-H-1 218
118-H-2 -
118-H-310 -
118-H4 -
118-H-510 .
118-K-1 30.0
TOTALS 283.00

Hncludes aluminum cans on Pb/Cd pieces, spacers, and aluminum contained in splines.
ZIncludes boron from splines, VSRs, and HCRs at 1.5% x total weight buried.

Ao . _1n
1U4.0
8

Aot ]

1352

208.1
9322

Metaiiic and Other Waste (tons)

Borgn?

LM
LU

105.5/4.4

202494

22494 13 i

148.3/6.2 - -

154.4/64 1.0 -

21109 32 )

1059.0/44.011 10,52 1.05

3‘Includes soft waste, desiccant, and miscellaneous materials.
__“inciuded in 1i8-B-1 totais.

SHot balls from ball sorting in 105-C.

5Divided between 118-D-2 and 118-D-3 otals.

Mercury
. 201.2/8.4 1.4 1.0

i4
137.7/5.7 1.0 -

0.08

0.20
1.1

Other3

527

TIncluded in 118-F-1 totals.

8Contained 3x107 fi3 of contaminated sawdust and other solids removed from dog kennels and animal pens.
9Contained 1x10° fi3 of contaminated solid waste such as animal carcasses.

10mciuded in 118-H-1 totals.

included sheet cadmium.

1.3
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2.0 REMEDIAL TECHNOLOGY DESCRIPTION

The ISV technology has been under development since 1980 at Pacific Northwest
Laboratory (PNL)® (Buelt et al. 1987; Oma et al. 1989a). Initial effort was directed to
contaminated soil applications, and the technology has been transferred to a licensee, Geosafe
Corporation, for commercial applications. Development efforts for ISV applications other than
treatment of contaminated soils, by PNL and in collaboration with Oak Ridge National Laboratory

oot {ORNLYand Idaho-Natienal Engineering Laboratory. (INEL), show the ISV process has potential
___%;;_____appﬁgabiligafor_rmncdiaﬁng buried waste sites (Callow et al._ 1991), remediating underground
g storage tanks (Tixier et al. 1992), and enabling the placement of subsurface vitrified barriers and
k.}“f engineered structures (Tixier et al. 1991),
g,
N In addition to processing a variety of waste forms, buried inclusions, and soil types, the

ISV technology has been tested on a wide variety of contaminants. Organic contaminants for
which the ISV process has been applied include polychlorinated biphenyls (PCBs), dioxins,
methyl ethyl ketone, glycol, toluene, and benzene (Mitchell 1987; Buelt and Bonner 1988: Oma et
al. 1989b; Timmerman 1989; Shade et al. 1991). The destruction efficiency for these contaminants
was found to be greater than 99% without including the off-gas treatment system. Including the
treatment system increases the overall efficiency for a wide range of organics to greater than
99.99%.

—eom e mee- —— - Inorganic contaminants for which the ISV process has been appiied includes plutonium and
plutoniumisimulants, uranium, cesium, americium, strontium, lead, arsenic, and various other

—- oo heavy metals (Buelt 1989; Buelt and Wesisik 1988; Hansen 1991; Luey et al. 1992a; Spaulding et
al. 1993). These tests have shown either excellent retention of the inorganic material in the final
glass and crystalline product or excellent collection of the material in the combined final product

and off-gas treatment system.

The ISV process utilizes joule heating to melt contaminated solid media (e.g., soil,
sediment, siudge, and mill tailings). The process, which is performed in situ or in a prepared
location where the contaminated material may be staged for treatment, is very effective in

(@) Operated for the U.S. Department of Energy by Battelle Memorial Institute under Contract
DE-ACO06-76RLO 1830.

2.1
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removing, destroying, and/or immobilizing hazardous chemicals, radioactive materials, and mixed
contaminants. The ISV process produces a high-quality glass-and-crystalline waste form that is
highly resistant to corrosion and leaching and is capable of long-term environmental exposure
without significant degradation. The melting process also results in a significant volume reduction

(20% to 45% for most soils and up to 75% for buried waste).

_ Figure 2.1 illustrates the stages of the ISV process. _The melting process is accomplished
through joule heating between an array of electrodes. A starter path of graphite and glass frit is
placed between the electrodes to allow initiation of the process in typically nonconductive soil.

=27 Once the soil surface becomes molten (1200 to 1400°C), it becomes electrically conductive. Joule
T heating now occurs in the molten soil as electricity flows through it, resulting in molten soil

;w; temperatures ranging from 1600 to 2000°C. Heat is conducted from the melt to the surrounding,
R adjacent soil, causing growth of the melt in both the downward and outward directions.

&~

P
! _ Subsidence . Backfil

N\

/
Vitrified Soil and Waste -

"

FIGURE 2,1. Sequence of the [SV Process

[
19



DOE/RL-93-45
Draft A
The ISV technology has been developed through bench-, engineering-, pilot-, and large-
scale applications. The size of a single ISV melt ranges from 50 kg at bench-scale to 1000 metric
tons at large-scale. The large-scale equipment is capable of processing at the rate of 4 to 6 metric

- tons/h.- Tt empleys 1) a 3,750-k VA multiple-tap transformer supplying electrical power to the
- -electrodes; 2) an off-gas collection hood and an electrode feed system; 3)-an off-gas treatment

Lo

5oad b ]

HER Al

Pl
£k
/

system employing quenching, scrubbing, dewatering, filtering, and adsorption-unit processes; 4) a
distributed microprocessor control system; 5) an emergency backup off-gas treatment system; and
6) an emergency backup generator to supply power to the off-gas treatment and process control
trailers in the event of a site power outage.

_ The pilot-scale system is capable of processing up to 50 metric tons of soil in a single melt
at the rate of 0.4 to 0.6 metric tons/h. The pilot-scale equipment differs from the large-scale unit in
that it is operated manually and does not use a distributed microprocessor control system. Section
4.0 provides more detail, including schematics, of the pilot-scale setup.

More than 150 individual tests of the ISV technology at various scales have demonstrated
the efficacy of the technology to treat a broad range of contaminants and solid media types. The

~__ technology has been shown effective for destroying organic contaminants by pyrolysis, as well as

for removal and/or immobilization of heavy metal contaminants or radionuclides within the vitrified
residual product (Buelt et al. 1987; Luey et al. 1992a). The current capabilities of the ISV

. iechnology are summarized by Buelt and Thompson (1992). Although the 150 tests of the ISV

LT

~ System represent & significant aiabase, this particular demonstradon will be the first application of

ISV to waste that contains aluminum and a high combustible loading.

2.3



DQOE/RL-93-45
Draft A

2.4

e e



DOE/RL-93-45
Draft A

3.0 TEST OBJECTIVES.

A pilot-scale ISV treatability test will be performed using the existing pilot-scale ISV

equipment at the 300W Site (46°22'21" north by 119°10°55" west) located near the 300 Area of the
Hanford Site, Richland, Washington. The weatability test will be performed on a staged site
containing nonhazardous, nonradioactive, and nonregulated material to simulate waste retrieved
from the 100 Area. The objectives of this test are the following:

5

Rl

i zr} i;p E
Sl § »

L

Demonstrate ISV as a stabilization technique for retrieved buried waste.
Performance will be determined by the ability of the ISV process to eliminate potential

-mechanisms for future subsidence. Mechanisms for future subsidence involve the

consolidation of the waste material through the elimination of void spaces created during
filling of the waste disposal trench, pre-existing in the waste material, or created as the
result of decomposition and degradation of the waste material. The ISV process eliminates
these future subsidence mechanisms through densification and by forming a stable, durable
product. Analyses to qualify and/or quantify the elimination of these future subsidence
mechanisms, thus demonstrating ISV as a stabilization technique, include post-test
examination of the ISV product to determine fraction void space and amount of subsidence
and strength and durability tests on core samples from the ISV product.

Define the ISV operating envelope for application to combustible and
compactable waste. Performance will be determined by the ability to establish the ISV
operating envelope for this application via computations and verifying the computational
prediction(s) wiih field data collecied on a staged site within the identified envelope. In
addinon, performance will be measured through the completeness of field data collected o

...identify design modifications full-scale equipment and the identification of full-scale

operating procedures. The identification of design modifications to the full-scale ISV unit

- and the identification of fuil-scale operating procedures are necessary to estimate the fixed

and operating costs for this ISV application.

~-Demonstrate- ISV on-a-site that contains significani quantities of

combustible material. Performance will be determined by the ability of the ISV

- -process-io treat & site- that-contains significant quantities of combustible material without a

moiten soil displacement event (see Roberts et al. 1993 for description). Successful

--completion of the pilot-scale demenstration without a molten soil displacement event,

combined with verification of computational predictions, will serve as the primary measure
of success for this objective. A secondary measure of success for this objective will be the

- ---completeness-of data collected 1o ¢valuate the anticipated secondary effects of processing a

high combustible-loaded site (e.g., higher heat loads, higher operating temperatures, higher
carbon monoxide and dioxide levels).

3.1
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4.0 EXPERIMENTAL DESIGN AND PARAMETERS

4.1 TEST PARAMETERS

Several test parameters for the pilot-scale ISV treatability test have been identified. These
parameters are those needed to either assist in the verification of computational modeling or to
characterize the ISV process so that design criteria for full-scale equipment modifications for this
application can be identified. The specified test parameters will help identify or characterize the
following elements of the ISV process: the combustion air inlet, the off-gas exit, the electrode seal
air bleed, the graphite electrodes, the off-gas hood, and the process zone. Following is a brief
description of these elements. '

. Combustion Air Inlet - The combustion air inlet provides a continuous source of oxygen in

Lo m——theoff=gas-hood to support-the combustion-of volatilized organic material. Since the off-

gas containment hood is kept at a slight negative pressure relative to ambient, the normal
flow of gases is into the off-gas hood. If the pressure becomes positive, the air inlet line
provides a filtered release point. Combustion air inlet temperature and flowrate, as well as
ambient pressure and gas composition (e.g., oxygen, carbon monoxide, and carbon
dioxide), are necessary data points for a material and energy balance on the off-gas hood.

. Off-Gas Exhaust - The off-gas exhaust refers to either the exit from the off-gas hood or the
exit through the stack of the off-gas reatment system. Flow from the off-gas hood is
-provided by the blower in the off-gas treatment system. This flow provides the slightly
negative pressure in the off-gas hood. Charactenization of the off-gas exhaust in terms of
" temiperature (from hood and stack), flowrate (from stack), and composition (from stack) is
necessary for a complete material and energy balance on the off-gas hood. Since the pilot-
scale demonstration will not contain any regulated, hazardous, or radioactive material, the
primary off-gas components of interest are oxygen, carbon monoxide, and carbon dioxide.

—--——--—--—+ - Electrode Seal Air Bleed - The electrode seal air bleed provides air to the positive pressure

seals that fit onto the graphite electrodes. These seals prevent potential uncontrolled
releases of gases from around the insertion points for the electrodes into the off-gas hood.
Temperature, pressure, and flowrate are necessary data points for a complete material and
energy balance on the off-gas hood.

. Graphite Electrodes - The graphite electrodes conduct electrical current to the advancing

ISV meit. The amount of power input into the ISV melt is controlled by adj usting the
amount of current or voitage added. Measurement of these parameters, as well as the
calculation of the electrical resistance of the zone being processed, is necessary to determine

- ‘; ESrman o
full-scale power requirements.

. Off-Gas Hood - This term refers to both the off-gas hood skin and the volume contained by
the off-gas hood. The off-gas hood confines gases and particulate evolved from the ISV
process into the off-gas weatment system for processing. Important parameters to evaluate

4
»
—
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the performance of the off-gas hood include the temperature of the off-gas hood (skin and
plenum), pressure within the off-gas hood, and the flux of energy from the off-gas hood.
These parameters are necessary for the design of full-scale equipment.

. Process Zone (ISV Melt, Surrounding Soil, and Simulated Waste) - The process zone is
the zone that will be affected by the ISV process. Characterization of this zone is needed to
verify computational model predictions and to provide operating information needed for

full-scale equipment design. Parameters of interest are the temperature and pressure in the
simulated waste site and the surrounding soil. The temperature data provides information

- - -- - -on the shapeof the progressing melt, the sphere of influence for the ISV process, and also

is used to estimate the rate of melting.

Figure 4.1 illustrates the elements of the ISV process {described above) from which data will be
coliected during the demonstration. The instrumentation used for measuring the data collected
from each of these elements is discussed in section 5.3 of this test plan.

4.2  MODEL/CALCULATIONS

Two computational models were used to estimate test parameters of interest for this ISV
demonstration. The ISV 3.01 PC model was used to estimate the melt shape for the 100 Area
demonstration while the TOUGH2 computer code was used to investigate the transient
hydrothermal phenomena occurring in the soil below an advancing ISV melt. A description of
these models and the model results are provide in Appendix A. A short summary of the modeling
results is provided in the remainder of this section.

w42 1 o Resuis from 18V Computer Model

The ISV model estimates that the melt width upon completion of the demonstration would
be about 3.Z m. This is narrower than the base of the ISV pilot-scale hood which is about 4.3 m.
It is not anticipated that the ISV melt for the 100 Area demonstration, which will contain a high
‘metal and combustible loading, will grow to be any wider than the estimated 3.2 m. The reasons

- —-—forthis prediction are 1) prior experience with buricd wasie at INEL showed the melt tc progress

as if in an “elevator shaft” (Callow et al. 1991) and 2) the metal loading of the simulated waste site
is believed to enhance downward melt growth.

4.2
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D

FIGURE 4.1. Test Parameters of Interest
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4.2.2 Results from the TOUGH2 Model

Simulations were run using two statistical distributions of waste. One happened to have
metal sections well dispérsed (random distribution #1) so that they did not form long impermeabie
barriers that prevented fluid flow and increased pressure. The other distribution had many such
barrier zones (random distribution #2). The distribution of metal sections and the assumptions
used in modeling them had a dramatic effect on the calculated results. From these runs, it is
apparent that the pyrolyzing gases do affect the pressure beneath the melt, but not strongly. The
two methods used for modeling the pyrolysis process gave similar results, with the worst-case
model predicting a higher pressure. The restrictions caused by metal loadings may have as great an
impact as the pyrolyzing waste, especially if they form impermeable containment to pyrolyzing
material.

__Itis important to note that these simulations assumned a constant melt progression rate of

2 5 cm per hour based on past pilot-scale ISV experience. It is possible that the high loading of

combustible material for this project would increase the melt progression rate, leading to an

__increased rate of pyrolysis gas generation. This modeling work is preliminary and is only intended

to suggest the effects of different loading conditions. It is hoped that data will be collected during
the demonstration that can be used to adjust and partially validate the model for further predictions.

4.3  PILOT-SCALE ISV TEST SYSTEM

The pilot-scale test equipment consists of a power supply and control system, an off-gas
treatment system housed in a portable semi-trailer, and an off-gas containment hood over the test
site. A schematic of the apparatus is shown in Figure 4.2. This section will briefly discuss each

—of the elements of the pilot-scale test system. For more detailed discussions on the test system, see

the Safe Operating Procedure for the pilot-scale ISV equipment and Spaulding et al. (1992).
4.3.1 Power System Design

The pilot-scale electrode power system uses a 500-KVA Scott connected transformer
producing a variable voltage output through a range of four operator-selectable voltage taps.
Power output is controlled at the primary side of the transformer with SCR (silicon control
rectifier) technology using a single potentiometer selectable for either voltage or current control.

4.4
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The Scott connected transformer is a phase conversion system converting 3-phase power (three-
wire primary) to 4-phase power (four-wire secondary).

The entire pilot-scale system (vitrification power, off-gas processing equipment, etc.),
requires 750 kW of power at 480 VAC, 800 amps, 3 phase, and 60 Hz. A backup diesel generator
is utilized to provide energy for the operation of all essential equipment for personnel and
environmental safety in the event utility line power is interrupted. These include the off-gas
system, data acquisition system, environmental and system monitoring equipment, HVAC, lights
and system lighting. The diesel generator provides 93 kVA of power at 480 VAC, 3 phase, and
60 Hz. Activation of the generator is automatic upon loss of utility line power, thus providing
interrupted power to essential process equipment.

4.3.2  Electrodes and Electrode Feed System

The electrodes used to conduct current to the molten soil are 15.2-cm-diameter by
approximately 185-cm-long sections of graphite. Each electrode section is machined at both ends
with female threads to allow connection of successive lengths via male threaded graphite
éon}lecu'ng pins. The electrodes are initially buried to depths of one to two electrode diameters and
the starter-path, consisting of graphite and glass frit, is laid around and between the electrodes.
For this test, the electrodes will be arranged in a square array with a center-to-center separation of

" 1.0 meter per side of the square.

The electrode feed system consists of four independently controlled, pneumatically
powered units, one feed unit for each electrode, and a control unit with manually operated valves
for each feed unit. Normally, operations are conducted with the electrodes in a gravity fed, non-
gripped mode (electrode feed system clamps not engaged), allowing the electrodes to rest on the
bottom of the advancing meit front. As metallic abjects, molten metal pools, or other electrically

- disruptive simations are encountered, the feed system is utilized to retract the effected electrode(s)

until a stable electrical balance is achieved. Typically, retraction of only 2 to 3 ¢m is needed to

The off-gas hood consists of a steel shell and a superstructure for supporting the shell as
well as the electrode feed units. The off-gas containment hood is designed to collect off-gases
emanating from the melt and direct them to an off-gas treatment system. The hood is operated at a

4.6
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=~ - slight 'vacuum that is created by an induced draft blower, With a flow of between 10 and 15 cubic

et

.-tanks, each equipped with a pump and heat exchanger. - The entire off-gas weatment syst

meters per minute, gases in the hood have a residence time of approximately 2 minutes.

4.3.4 Off-Gas Treatment System

The off-gas treatment system passes off-gases from the ISV process through a Venturi-
Ejector scrubber and a separator, a Hydro-Sonic® scrubber, a separator, a condenser, another
separator, a heater, two stages of HEPA filtration, and a blower before exiting back to the
atmosphere. Liquid to the two wet scrubbers is supplied by two independent liquid recirculation

tem, along
with the ISV power supply, has been installed in a 13.7-m long semi-trailer to facilitate transport to

sites.
4.3.5 Data Acquisition Systems

The data acquisition system (DAS) and associated instrumentation provide extensive
process monitoring capabilities for ISV testing. For monitoring the off-gas treatment process,
inputs from process instruments are routed through a Hewlett Packard model 3497A data
acquisition and control unit linked to a Macintosh II cx computer operating LabView 2.0 software.
Data inputs from instruments characterizing the ISV process (e.g., soil temperature and pressure,
off-gas flowrates, and heat flux in the vitrification zone and from the off-gas hood) are routed
through a multiplexed system and then linked to the Macintosh computer. The DAS scans,
records, dispiays, and files process-control informational data and characterization data at a
nomtinal rate of two samples per minute for each channel. Process control data include numerous
off-gas equipment temperature and flow measurements, differential pressures of scrubbing
components, vitrification electrical power volts/amps, off-gas hood plenum temperatures and

pressure, €ic.

4.4  SAFE OPERATING PROCEDURES

__The specific steps to be followed when operating the existing DOE pilot-scale ISV

Al AN

-~ -..equipment are described in the supporting document, Safe Operating Procedure (SOP No. 49,

Revision 9) (Powell 1993b). This SOP includes startup, operating, and shutdown instructions as
well as potential system failures, consequences, and required operator actions. The SOP is written

47
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for the general operation of the pilot-scale equipment. Specific procedures required for this
treatability study can be found in Section 15.0 of this test plan.

4.5 ENGINEERING ANALYSIS

An engineering analysis of the 100 Area ISV Pilot-Scale Demonstration was written as a
supporting document for this treatability test and is included here as Appendix A. This engineering
analysis describes test-specific potential events (different from those described in the SOP) that
may occur during this demonstration and how they can be prevented or controlled. The possibility
exists for these events to occur because the ISV setting for this demonstration differs from an ISV
setting with only soil. An evaluation to determine or quantify the probability of any specific event
was not part of the engineering analysis; however, the probability of such events at full-scale will
be evaluated using data from the pilot-scale treatability test.

The test-specific potential events include the following: high heat load in the off-gas hood,
electrical shorting in the melt, loss of the off-gas hood vacuum, high CO/CO, emissions, outward
growth of the melt, underground fires, molten soil displacement, and an inability to sustain the
melt. Mitigating systems and/or procedures that will be used during the 100 Area demonstration
include establishment of a control zone, reduction of applied power, water spray system, electrode

- feed system, passive hood vent, monitoring of off-gas composition, monitoring of melt

progression, random placement of waste, computational modeling, addition of a soil berm inside
the off-gas hood, use of a camera to monitor conditions inside the off-gas hood, bench-scale
testing, engineering calculations, and soil pressure measurements. Each event, the various
mitigating systems to be used, and the implementation of these mitigating systems are described in

greater detail in Appendix A.
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5.0 SITELAYOUT

5.1 WASTE COMPOSITION

The site for this demonstration will be an engineered site containing nonhazardous and
nonradioactive material representative of waste to be retrieved from the 100 Area. Table 5.1
provides a physical description of some of the major constituents in the 100 Area burial grounds
(Miller and Wahlen 1987). Using Tables 5.1 and 1.1 as guidelines, the 100 Area ISV

,,EE ... .demonstration will use simulated waste material that is both compositionally and geomemically
- similar to that to be retrieved from the 100 Area. Due to the wide variability anticipated for both
ot composition and geometry of the waste during retrieval operations, it is not possible to stage a
E:’h: completely representative site for this ISV demonstration. However, it is possible to stage a site
Em . that will fall within the expected envelope. Successful completion of this demonstration (which is

defined by meeting the three test objectives) will 1) demonstrate ISV as a physical stabilization

TABLE 5.1. Physical Description of Selected 100 Area Burial Ground Materials. Adapted from

Miller and Wahlen (1987)
Material Description
Aluminum Spacers The spacers were 20.3 cm long with an outside diameter of

3.6 cm and a 0.6-cm wall thickness. Cylindrical in shape, the
spacers had a number of perforations along the axis.

_Lead-Cadmium Poison Pieces .- The lead-cadmium alloy used as reactor poison was in the form
of a solid rod =3.6 c¢m in diameter and 15.2 ¢m long.
Boron Splines The majority of splines were about 1.3 cm wide, 0.2 ¢m thick,

and 0.9 m long. The splines were made of a combination of
12% boron and 88% aluminum.

Process Tubes The process tubes, fabricated out of an aluminum alloy, were
about 1.2 m long with an inside diameter of 4.4 cm and a wall
T EIE o C ““thickness of about (0.3 cm.

Reactor Gunbarrei The reactor gunbarrels are similar to a Schedule 40 carbon steel
pipe and measure about 4.5 cm in diameter and .2 m in length.
Soft Waste Soft waste consists of contaminated plastic, paper, and clothing

packaged in cardboard cartons. Comprises more than 75% of
the waste volume in the 100 Area burial trenches.
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technique for solid waste, 2) result in the necessary data for identifying full-scale equipment

. requirements, and 3) result in the necessary data to identify the operating envelope for this

__ application (e.g., waste composition and acceptable waste forms).

The target simulated waste composition for the 100 Area demonstration will be 63 wt%

Hanford soil, 12 wi% combustibles, and 25 wt% metal. These weight percents were determined
based on the estimated solid waste disposal site contents in the 100 Area (see Table 1.1),
computational modeling, and engineering calculations (see Appendix A). The combustible waste
'will be composed of rags, clothing, paper, and other soft material; the metal will be composed of

O . . . . .
b aluminum and steel (mixture of stainless and carbon). When possible, simulated waste will be
— obtained from an existing waste stream to minimize secondary waste generated from this

E*:f treatability test.

~

5.2  TEST CONFIGURATION

5.2.1 Trench Configuration
Stabilization of solid waste in the 100 Area may be performed either in the 100 Area or at
the central disposal facility, depending upon economics and site staging. For stabilization in the
100 Area, the waste would likely be staged and processed in the disposal trenches from which it
originated. For large-scale stabilization of solid waste at a central disposal facility, a square trench
- .configuration is the most economical and practical -for central landfili trenches. Such a square
configuration minimizes the perimeter relative to the surface area, which is important for a
protective barrier, and maximizes the amount of waste processed per ISV setting, which minimizes
ISV operating cost.
5.2.2 Waste Configuration
The pilot-scale ISV treatability test will simulate an ISV setting performed within a square
- mench configuration. A rectangular simulated waste form will be used with the electrodes
positioned in a postulated worst-case scenario in which waste surrounds the ISV setting on three
sides. This is considered worst-case since the permeability of the heterogeneous waste is likely to
~ be less than that of Hanford soil because of the presence of impermeable regions such as metal
objects. Figures 5.1 and 3.2 show the waste configuration and the electrode positions,
respectively.

5.2
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FIGURE 5.1. Waste Configuration for 100 Area Pilot-Scale Demonstration

5.3



DOE/RL-93-45
Draft A

BACKFILLED SOIL

GRAPHITE ELECTRODES
TOP VIEW

FIGURE 5.2. Electrode Positions for the 100 Area Pilot-Scale Demonstration

5.3 INSTRUMENTATION

.Figure 4.1 illustrated the test parameters of interest for this treatability test. The instrument
types, location of the instruments, sampling frequency, and the required accuracy for each of the
identified test parameters can be found in Table 5.2. Note that the test parameters listed in Table
3.2 are those that can be measured. Parameters such as inleakge into the off-gas hood, melt rate,
power consumption, and melt shape are either directly calculated from other measurements,
estimated from material and energy balances, or inferred based on data trends. In addition to the
test parameters in Table 5.2, data are routinely collected on the off-gas treatment system to
characterize its performance. Table 5.3 illustrates the instrumentation, sampling frequency, and
required accuracy for the data collected on the off-gas treatment system. The Material and Test
Equipment (M&TE) list for the instrumentation is included as a data sheet in Appendix D,

5.4



. Test Parameter Measurements

. Test Measurement Sampling Range Required
Parameter Instrument Frequency |  Eng. Units Accuracy
Alr Inlet Temperature (| Thermocouple 60s | oL00C ]| =5C |
(ambicat) Type K Thermocouple 60 s 0-1200°C + 2°C
_JlAir Inlet Pressure (P) . __ _Barngraph 1hr AP* in. Hg =075 Hg
Air Inlet Flowrate (F) Pitot Tubes 60 s 0-15 m?/min. + 2%
Off-Gas Temperature (T)
Exit Lire "~ " Type K Thermocouple 60s 0-1200°C £ 20°C
Ofl-Gas Treatment Stack Type T Thermocouple 60 s 0-1200°C + 5°C
{ O-Gas Flowrate (F)
Off-Gas Treatment Stack Pitot Tube 60 s 0-15 m?/min. + 2%
Oii-Gas Concentraiion {X) ) )
Ambient O, Concentration Electrochemical 5 min 025% + 4% Full Scale
Stack O, Concentration Electrochemical 60 s 0-25% + 4% Full Scale
Ambient CO Concentration Infrared 5 min 0-1900 ppm * 5% Full Scale
Stack CO Concentration Inirared 60s 0-1900 ppm + 5% Full Scale
Ambient CO, Councentration Infrared 5 min 0-15% * 2% Full Scale
Stack CO, Concentration Infrared 60 s 0-15% + 2% Full Scale
Electrode Seal Alr Temperature (T) Type T Thermocouple 10 min 0-1200°C + 5°C
Electrode Seal Air Pressure (P) Pressure Regulator 30 min 0-40 kPag *+ 1.0kPa
Electrode Seal Alr Flowrate (F) Float Tube 30 min 0-100 L/min *+ 50 L/min
Graphite Electrode Voltage (V) Digital Volt Meter 60s 0-1000 VAC +05% or 5 Volts
Graphite Electrode Current (I) Digital Volt Meter 60s 0-1000 Amps AC +01% or 3
Off-Gas Hood Temperature (T)

Plenum Type K Thermocouple 60 s 0-1200°C + 20°C
Oii-Gas Hood Skin Type K Thermocouple 5 min 0-1200°C + 20°C
Off-Gas Hood Pressure (P) Differential Pressure Gauges 60 s 0-17 kPag £ (.05 kPa
Off-Gas Hood Heat Flux (HF) HT-50 (Heat Flux Sensor) 5 min 0-1000 BTU/hr | * 10% Full-scale

ISV Melt Temperature (T) Type C Thermocouple 30 min 0-2300°C * 20°C
Surrounding Soil Temperature (T) Type K Thermocouple 5 min 0-1200°C + 20°C
Surrounding Seil Pressure (P) Pressure Xducer 60 s 3-35 kPag + 1 kPa
Simulated Waste Temperature (T) Type K Thermocouple 5 min 0-2300°C x 20°C
Simulated Waste Pressure (P) Pressure Xducer ~ -7 60 s _ 035 kPag + 1kPa

e
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TABLE 5.3. Off-Gas Data Collected
Test Measurement Sampling | Eng. Units | Required
Parameter Instrument Frequency Range Accuracy
' Treatment System l 7
Gas Dilferential Pressure @ Venturi DifF. Pressure Xdcer 10 min 0-30 in. we + 2%
Gas Diiferential Pressure @ Hydrosonic Diff. Pressure Xdcer 10 min 0-90 in. wc + 2%
Gas Differential Fressure @ Condenser Diff. Pressure Xdcer 10 min 0-30 in. we + 2%
Gas Differential Pressure @ HEPA Dill, Pressure Xdcer 10 min 0-3 in. we * 2%
Pump 1 Outlet Pressure Pressure Transducer 10 min 0-125 psi * 2%
Pump 2 Qutlet Pressure Pressure Transducer 10 min 0-50 psi t 2%
Pump 1 Flow Electronic Flowmeter 10 min 0-50 gpm + 5%
Pump 2 Flow Electronic Flowmeter 10 min 0-30 gpm * 5%
Glyeoi Coolant Flowrate Electronic Flowmeter 10 min 0-100 gpm *+ 5%
Glycol Coolant Temperature Type K Thermocoupie 10 min 0-12006°C = 20°C
Pressure @ Blower Dilf. Pressure Xdcer 10 min 0-140 we * 2%
Tank 1 Liquid Level Diff, Pressure Xdcer 10 min 0-350 L * 2%
Tank 2 Liquid Level Dilf. Pressure Xdcer 10 min 0-350 L + 2%
Off-Gas Temperature @ Venturi Type K Thermocouple 10 min 0-1200°C * 20°C
Off-Gas Temperature @ Stack_ R .. Type K. Thermocouple -~ 12-min |- 0-1200°C * 20°C
Tank 1 Liquid Temperature Type K Thermocouple 10 min 0-1200°C + 20°C
Tank 2 Liquid Temperature Type K Thermocouple 10 min 0-1200°C + 20°C

Of the test parameters illustrated in.Table 5.2, the soil temperature and pressure data, as well as the
simulated waste temperature and pressure data, require the most extensive insocumentation
placement. The data to be collected will characterize the conditions in front of the advancing ISV
melt front and be used to verify computational modelling predictions. In addidon, the pressure and
temperature data will be used to develop guidelines for fuil-scale ISV application to solid waste.

5.6
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Figure 5.3 illustrates the plan view of the soil pressure arrays. These arrays include type K
thermocouple measurements and pressure sampling points in both Hanford scil and the simulated
waste zone. A total of six soil pressure arrays will be used (each consisting of five pairs of
temperature/pressure sampling points)- one along the centerline, one along the 90° axis, two along
the ° axis, and two aiong the 180° axis. Each of the soil pressure arrays will be oriented
horizontally except for the centerline array, which will be oriented vertically. The lateral array
along the 90° axis will be placed at a depth of 1.5 m. The arrays along the 0° and 180° axes will be
at depths of 1.5 m and 2.5 m. Figure 5.4 illustrates the side view of the soil pressure arrays
looking along the 90° - 270° axis. Also shown in Figures 5.3 and 5.4 are type thermocouples
along the vertical centerline array. These thermocouples have a higher temperature range than the
type K thermocouples and will be used to measure the ISV melt temperature at different depths. A
measure of the melt temperature will provide information on whether the incorporation of different

materials into the molten soil zone, which results in a change in the melt composmon affects the
melt temperature.
Figure 5.5 and 5.6 illustrate the plan view and side view of the thermocouple arrays,

respectively. These thermocouple arrays consist of type K thermocouples and will be used to rack
- - -the advancing melt front in regions containing only Hanford soil and regions containin g soil and

~-simulated waste: Six tiers-of thermocouples will be placed along the 0°, 45°, 90°, 125°, and 180°
axes. Each array will consist of five thermocouples spaced 0.3 m apart and be placed at depths of
1.00m, 1.25 m, 1.75 m, 2.00 m, 2.25 m, and 3.00 m. The thermocouples from the soil pressure

arrays will be used to fill in missing data locations (i.e., centerline, and intermediate depths).

Due to the large number of instruments and sampling points that are to be placed into the
‘soil, a standardized numbering system will be used that will allow an operator to quickly identify
the location of a given instrument. This system is based on a cylindrical coordinate system and
denotes the instrument type, depth from grade, angular position relative to a selected zero position,

- -—and radial distance from the center line: -‘An example label is “TCK090270810.” The first three

.. letters denote that the instrument is a type K thermecouple (TCK); the next three numbers indicate
a depth-from grade of 90 cm (090), the following three numbers indicate a position 270° relative to
north (270), and the final three numbers indicate a radial position 810 cm from the center line

= +=48140). The instrument labels will be placed on both ends-of & signal-cable so that instruments are

..hot.connected 1o. the data acquisition system improperly.
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6.0 SAMPLING AND ANALYSIS

The Sampling and Analysis Plan (SAP) for this treatability test is included as Appendix B.
The purpose of this supporting document is to ensure that the samples obtained for characterization
and testing are representative and that the quality of the analytical data generated is known. The
SAP addresses collection, identification, and analysis of samples obtained from the test site,

———— -~~~ ~—before; during, and afier ihe 1SV denmrortsiraton. The types of sampies io be coliected inciude all

of the electronic data discussed in Section 5.0 and core samples of the final vitrified product.
Section 8.0 of this test plan describes how the analyses will be used to achieve the objectives

(Section 3.0) for this demonstration.
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7.0 DATA MANAGEMENT

7.1 QUALITY ASSURANCE

This treatability test will be conducted in accordance with the requirements outlined in this
test plan and its supporting documents, Safe Operating Procedures (SOP) and the Quality
Assurance Project Plan (QAPjP) (Appendix C). The QAPjP was developed in accordance with
PNL’s Quality Assurance Manual, PNL-MA-70, which was developed to address the U.S.
Environmental Protection Agency (EPA) document QAMS-005/80, Interim Guidelines for
Preparing Quality Assurance Project Plang. A Quality Assurance (QA) engineer provides
independent oversight of project activities and will monitor activities to ensure compliance with

established requirements during test preparations, testing, and subsequent sampling.

Unplanned deviations from the procedural requirements must be documented by

]

- - - -completing 2 Deficiency Repert-(DR) in accordance with-PNL-MA-70 Administrative Procedurc

o — - -PAP-70-1502, Controlling Deviations from QA Requirements and Established Procedures. The

DR must identify the requirement deviated from, the causes of the deviations, whether any results
were effected, and corrective action needed to remedy the immediate problem and prevent
recurrence.

Planned deviations, documented on the test plan, test procedure, SOP, and/or in the
laboratory record book (LRB) (inciuding justfication) and approved by the project manager or task
leader in advance, do not constitute a deficiency as defined in PAP-70-1502 and do not require

___development of a DR. Where appropriate, approval by Westinghouse Hanford Company (WHC),

Laboratory Safety, and/or Quality Assurance must also be obtained in addition to the approval by
the project manager or task leader.

" 7.2 " 'LABORATORY RECORD BOOKS
The LRB is the primary method of recording day-to-day project activities. The LRB is

. ..intended to provide information with sufficient thoroughness to permit an independent person of

equivalent technical background to understand the work and evaluate the technical soundness of the

... work, continue unfinished work, and/or be able to replicate the work. All pertinent data and

observations will be recorded in designated LRBs or in data sheets referenced by the LRBs with all

7.1
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“entries signéd and dated. All assumptions, calculations, and analyses will be documented in the
. LRB or filed in the project file. Currently, LRB BNW-54883 has been assigned to this treatability
project. Any other required LRBs will be assigned as they become necessary.

7.3  DATA SHEETS
B Pertinent data gathered before, during, and after processing will be entered on data sheets.
These data sheets will be referenced in the appropriate LRB and signed and dated. The following

el data sheets are attached as Appendix D:

= . MA&TE Control Listing (from PAP-70-1201)
—t . Soil Temperature Array

rr;:'f . Soil Pressure Array

52,31\ . General Process Status Sheet

»  Off-Gas Treatment System Data
. Power Readings
. Electrode Depth.

7.4  COMPUTER-GENERATED DATA

Much of the process data and off-gas treatment system data from the ISV test will be stored
in the form of magnetic disks. The pilot-scale ISV system provides automatc data logging at
intervals specified by the operator. The computerized data include process conditions
(temperature, flowrates, pressures, etc.) and environmental monitoring output, such as from the
carbon dioxide and carbon monoxide monitors. The accuracy of the data is dependent on the
calibrations of the instruments used to obtain the data. Calibration and maintenance procedures are

detailed in the SAP (Appendix B) and the QAP;P (Appendix C).

7.5  ARCHIVE RECORDS MANAGEMENT
- - The identification, maintenance, storage; and final disposition of records-are-governed by the
Quality Assurance Project Plan. Section 17.0, Records, of the QAPjP (Appendix C) details the

requirements for records management,

.l
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8.0 DATA ANALYSIS AND INTERPRETATION

- The criteria for determining the success of this pilot-scale demonstration, and how the

results of the demonstration will be measured against the criteria, are discussed in this section. The
test objectives for the 100 Area ISV Pilot-Scale Demonstration were described in Section 3.0.

- Performance criteria for each of these three objectives are presented in this section. The SAP

(Appendix B) contains additional detail.

- 8.1~ OBJECTIVE ONEr DEMONSTRATE ISV AS A STABILIZATION TECHNIQUE FOR

RETRIEVED BURIED WASTE

To meet this objective, the ability of the ISV process to eliminate potential mechanisms for
future subsidence must be determined. Mechanisms for future subsidence involve the

lling of

the waste disposal trench, pre-existing in the waste material, or created as the result of

~ decomposition and degradation of the waste material. The ISV process eliminates these future

subsidence mechanisms through densification and the creation of a stabie, durable product.
Analyses to qualify and/or quantify the elimination of these subsidence mechanisms, thus
demonstrating ISV as a stabilization technique, include post-test examination of the ISV product to
determine fraction void space, strength tests on core samples from the ISV product, and durability
testing of the ISV product. :

Core samples of the cooled glass monolith will be collected using a rotary coring device
and then wrapped in plastic and labeled upon removal from the core bit. The samples will be
analyzed for chemical composition, strength, and durability. Vitrified product composition will be
determined by preparing the samples for analysis using either a NaHO, fusion or a KOH fusion,

.-and then analyzing the resulting sample solutions using. the EPA Method 6010 (inductively coupled
plasma)} to determine total inorganic composition.,

Vitrified product strength will be determined by analyzing the core samples for axial
compression strength (ASTM D2938) and splitting tensile strength (ASTM D3967). The

- dimensional, shape; and surface tolerances of the core specimens as defined in ASTM D4543 are

important for determining structural properties of intact specimens.

8.1
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Vitrified product chemical durability will be determined by analyzing the core samples
using the Product Consistency Test (PCT) (Jantzen et al. 1991). In order to fuily achieve this

--obiective, the above analyses will need to prove that the core samples are stable, strong, and

durable.

8.2 OBJECTIVE TWO: DETERMINATION OF THE ISV OPERATING ENVELOPE FOR

APPLICATION TO COMBUSTIBLE AND COMPACTABLE WASTE

This objective will be achieved via engineering calculations and verifying the computational
prediction(s) with field data collected on a staged site within the identified envelope. In addition,
performance will be measured through the completeness of field data collected to support design of
full-scale equipment and the identification of full-scale operating procedures.

The ISV 3.01 PC model and the TOUGH2 model (both described in Appendix A) were
used to determine the operating envelope for this demonstration. This predicted operating envelope
will be verified with the field data collected during this demonstration. Field data will include data
on the performance of the ISV processing equipment. The pilot-scale ISV system is equipped with
electronic measuring devices to provide process monitoring and performance data. These data can
later be used to evaluate the performance of individual system components and help provide an

- -agcurate evaluatiop of the process application. Process.data are recorded both on a computer data
-~ acquisition system and manuaily by process operators at a frequency specified on the individual

- In addition to the data collected on the ISV processing equipment during operation, data
will also be collected from instruments placed in the soil and simulated waste. Type K and C
thermocouples will be used to track advancing melt front throughout the vitrification process and
pressure transducers will be used to monitor pressure gradients in the adjacent soil and simulated
waste.
In order to fully achieve this objective, the electronic field data collected must be sufficient
to support material and energy balance calculations on various systems, verify the computational

_ prediction(s) from the two models, support the design of full-scale equipment, and support the

identification of full-scale operating procedures. To ensure success, "extra” instrumentation is to
be used for critical test parameters (e.g., use of two analyzers to measure off-gas composition,
extensive soil thermocouple arrays, redundant flow measurements).

2
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8.3 OBIJECTIVE THREE : DEMONSTRATE ISV ON A SITE THAT CONTAINS
SIGNIFICANT QUANTITIES OF COMBUSTIBLE MATERIAL
To achieve this objective, the ISV process must treat a site that contains significant
quantities of combustible materials without a molten soil displacement event (see Appendix A for
description of a molten soil displacement event). Experience with sealed containers and other

-~ —situations that constrain the flow of vapor from underneath the advancing ISV melt have illustrated

the potential for a molten soil displacement event. Successful completion of the pilot-scale
demonstration without such an event, combined with verification of computational prediction(s),
will serve as the primary measure of success for this objective.

The TOUGH2 computer program was used to evaluate the possibility of a molten soil
displacement event during this demonstration (see Appendix A). According to the model, it does

- -not appear-that one will occur.- This prediction will be verified during the demonstration. In

addition, pressure transducers will be used to monitor pressure gradients in the adjacent soil and
simulated waste. This will alert operators if a moiten soil event is likely to occur so they can take

the appropriate action to prevent it.

8.4 DESIGN FOR FULL-SCALE ISV OPERATIONS

~ The data obtained from the pilot-scale treatability test will be analyzed used 1o provide a
basis for a conceptual design for full-scale application of ISV as a stabilization technique for
retrieved burial ground waste. This conceptual design will include:

: Staging requirements for this application

. Identification of the waste form and composition operating envelope
-~ = .. Identification of equipment needed for this-application

a Nacrrintinn nf tha nﬂnmf-;nn
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Based on this conceptual design, costs for using ISV for this application will be estimated.
These costs will be determined for each of the stages of the full-scale operation. These stages can

be generalized into the following areas:
. Site preparation

D"V"“C'Q mn;r\manf

N . A LW U\i“lylll\-llllr

. Mobilization and demobilization of ISV system
. ISV operations

c:emr!.tienr wwacta A:ﬂ“nl‘ni
WWLULRGAL ¥ W adlh WlagAadoal

. Decontamination and decommisioning of equipment.

Costs associated for each of these stages may include elements such as labor, consumable supplies
(e.g., electrodes, HEPA filters, caustic solution, and starter path material), electricity, temporary
facilities (e.g., sanitation units, communications, and office trailers), and analytical services.

' Assumptions used for this cost estimate will be clearly defined and included in this analysis.

8.4
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9.0 HEALTH AND SAFETY

It is the goal of this project to take every practical precaution to protect the health and safety

of employees, subcontractors, and visitors from any adverse effect that might result from activities
———..__. conducted during this pilot-scale ISV demonstration test. Adherence to the guidance contained in

this test plan and the Health and Safety Plan (Powell 1993b) will ensure the attainment of this goal.

The Health and Safety Plan describes potential hazards, control measures for the potential hazards,

_—— and the work safety plan.
[N
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10.0 WASTE MANAGEMENT

" The pilot-scaie ISV demonstration will be performed on a staged site containing simulants
of solid waste from the Hanford 100 Area. Simulants used for testing will be nonhazardous and
nonradioactive. Where possible, simulants will be from an existing waste stream so that additional
waste is not generated as the result of this pilot-scale test. Although simulants used for testing will

-~ -- -- -be-nonhazardous and nonradiocactive, there exists the potential that secondary waste from the off-

e gas treatment system would be hazardous or radioactive. This is because the pilot-scale ISV
= system has been used previously for radioactive tests and may have residual material in the system,

the most likely location being in the scrub solution tanks. In additon, small amounts of material
naturaily present in the soil (e.g., lead and arsenic) may be volatilized and subsequently collected
- and concentrated in the scrub solution tanks of the off-gas treatment system. Therefore, secondary

-~ ——waste fromr the scrub-solutionrtanks will be managed as hazardous waste and treated as such undl
analytical results of the secondary waste provides the basis for a different designation.

The majority of solid waste material generated during testing will be in the form of vitrified
(glass and crystalline) product as the result of the ISV process. The vitrified product and all other
solid waste generated as a result of this ISV demonstration will be managed in accordance with

applicable state and federal regulations and guidelines.

[e ANRaa e ANy e

Liquid waste generation or release is not expected during normal operations. Water used
__. __-- forscrubbing.and coeling of-off-gases from-the ISV -process will be recireulated-withina-self-
contained off-gas treatment system. Within the off-gas reatment system, process water containing
. material scrubbed from the off-gas stream (e.g., particulate and water soluble chemicals) is
collected in scrub solution tanks. During the latter stages of the test and after testing is complete,
- - --the off-gas treatment system is operated to evaporate the process water in the scrub solution tanks,
leaving a solid residue. The solid waste will be managed in accordance with applicable state and
federal regulations and guidelines once analyzed. If evaporation is not complete, and/or flushing
of the off-gas treatment system is required, then the resulting liquid will be analyzed and managed

in accordance with applicable state and federal regulations.

10.1
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11.0 COMMUNITY RELATIONS

Community relations shall be performed in accordance with the Tri-Party Agreement,
Section 10. It is expected that information regarding this study will be disseminated during the

quarterly public information meetings.

=
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12.0 REPORTS

Upon completion of this treatability test and after reduction of all analytical and process

data, a final report will be presented to WHC by December 14, 1994. The final report will include
information such as a background discussion, a description of the test objectives, an overview of
the demionstration performed which outlines any off-normal events that may have occurred, a

. summary of the analyses performed on the collected data, a results section, conclusions, and

recommendations. The organization of this final report will be based on that recommended by the
EPA for treatability studies performed under CERCLA. This suggested organization is presented
in Table 12.1.

TABLE 12.1. Suggested Organization of Treatability Study Report. Adapted from EPA (1989)

1.

)

troduction
Site Description
Waste Stream Description

ACMICGIdL 1SCAnGiOgY uco\.upuuu

‘onclusions and Recommendations
Conclusions
Recommendations

eatability Study Approach

Test Objectives and Rationale

Experimental Design and Procedures
Equipment and Materials
Sampling and Analysis
Data Management
Deviatdons from Test Plan

ults and Discussions
Data Analysis and Interpretation
Quality Assurance/Quahty Control
Costs/Schedule for Performing the Treatability Study

4.4  Key Contacts
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Appendices
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13.0 SCHEDULE

13.1 WORK BREAKDOWN STRUCTURE

All work for the 100 Area ISV Pilot-Scale Demonstration is guided by the Work
Breakdown Structure (WBS), which is divided into logical, manageable elements of work. The
seven major elements of the WBS define the entire 100 Area ISV Demonstration life-cycle and are
shown in Figure 13.1, along with sub-elements. Project Management (WBS 1.0) includes all
administrative activities for the life of the project, while the other elements are fiscal year planned
activities. Test Documentation (WBS 2.0) activities are currently planned tc be completed by the

-end of fiscal year 1993; the remaining five tasks are planned for fiscal years 1994 and 1995.

132 SCHEDULE/MILESTONES

i BBt ¥ Nt Bk Bt L ¥ AR Bl AN

Milestones are planned at the lowest WBS elements and provide a measure of progress.

.- Figure 13.2.is a imeline showing the desired start and finish dates for the various milestones

within each WBS element and how all the various tasks interface with each other. Table 13.1
below shows the anticipated starting and ending dates for each WBS element.

TABLE 13.1. Schedule for WBS Elements

WBS Element Start Date Finish Date
1 1.0 Project Management - .. 11/09/92 S 12/14/94
7.0 Test Documentation 11/09/92 10/07/93
{ 3.0 Site and Equipment Prep. 10/01/93 o 01/407/94
4.0 Operations 01/03/94 01/24/94
5.0 Retum to Standby 01/25/94 09/30/94
6.0 Sample and Analysis 01725/94 07/29/54
170 Reporting , o 01725/94 . 12/14/94
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14.0 MANAGEMENT AND STAFFING

14.1 KEY PERSONNEL

Table 14.1 identifies the key PNL management and technical positions and defines the
project roles and responsibilities associated with each position. Not shown are support
organizations such as Laboratory Safety and Project Management Support. These support
organizations provide key oversight of the project in specific areas and help ensure the project's
success. Figure 14.1 is an organization chart that portrays the line of authority for the 100 Area
ISV pilot—séale demonstration. This demonstration is being performed by PNL for WHC. WHC
has overall responsibility for management of treatability tests, of which this demonstration is one.

142 TRAINING REQUIREMENTS

ISV operating personnel receive job-specific training at both the laboratory and center
levels. In addition to this training, each operating staff member will receive on-the-job training and
be required to know and understand the material contained in the this test plan, the SQP, the

- Engineering Analysis (Appendix A), the Health-and Safety Plan, the Radiation Work Procedure

(RWP), and all other documents and procedures required as training for specific tasks. All
relevant documents will be posted in the process trailer at the test site during operation.

~-——-—-— - —Training documentation is maintained by the training coordinator for the Waste Technology

Center with training documentation required for the 100 Area ISV Demonstration located in the
project files. Retraining on non-ISV operation subjects is automatically scheduled through the

- center.training coordinator.. The ISV site equipment supervisor will conduct a review with all

operating personnel to ensure familiarity and understanding of operational equipment and
procedures. Due to the infrequency of ISV operations, on-the-job training and operator process
qualifications are conducted before each test or demonstration using the ISV equipment.

Table 14.2 gives a brief description of the various training classes required of operating

~personnel. Not all of the training listed is required, depending on the responsibilities of the

individual.

14.1
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TABLE 14.1. Responsibilities of Key PNL Personnel

Position
Group Leader
Project Manager
o3
:::i:.:
)
et
=
e . .
il Quality Engineer

Technical Specialist

Research Engineer

Site Equipment Supervisor

Shift Engmeer

ﬂnera tor

Operating Personnel

Provides management review of the project.
Ensures appropriate and qualified staff are available.

Interfaces with WHC project lead and provides bimonthly reports of
activities. Provides overall PNL direction of the project and day-to-
day activities necessary to accomplish all project objectives. Has
direct contact with the PNL quality engineer. Coordinates all quality
control (QC) activities including scheduling, preparation, and
submittal of QC samples to PNL, and evaluates the results. Transmits
documents and records to WHC at project completion. In addition to
these QA responsibilities, the project manager is responsible for the
overall technical direction, managing and leading the project team,
budget/schedule management, and information exchange.

Provides the project manager with QA requirements, interpretation,
and implementation assistance. Provides for QA training as
necessary. Provides for independent quality assurance reviews,
survelllances, and data qualxty and traceabxhty audits. Is respon51ble
for reviewing and has sign-off authority for QA project plans.

Pepares the operating equipment and test site. Coordinates crafts and
other services necessary to accomplish these tasks. Prepares site and
test specific operating procedures and supports the preparation of the
glst plan, SAP, Radiation Work Permit, and the Health and Safety

an.

Performs computational modeling and engineering calculations for the
test to identify potential safety concerns and to identify critical
parameters that need to be measured in the field. Assists in the
development and identification of the test configuration, simulated
waste material, and location of field instrumentation. Aids in the
interpretation and analysis of generated data and in the preparation of a
technical report in collaboration with the project manager.

Is responsible for the overall operation of the pilot-scale system. This
person is on call 24 h/day.

Is responsible for the operation of the pilot-scale system during an

ncclonnﬁ nnnnd of ime.,

Eroyldcs.tcchmcal support during.system operation.

Includes site equipment supervisor, shift engineer, and operators.

—
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Description

Hazardous Waste Management Annual: This training covers hazardous and mixed waste

Emergency Procedures = -

ISV Operating Procedures/
Test Plans

‘rana Cnaratar
AL A% \Jy\dl AALWSL

Forklift Operator
General Employee

Radiological Training/
Radiadon Worker 11

NCRP Report 39

Respiratory Protection

40-h RCRA/CERCLA
Certification

8-h RCRA/CERCLA
Supervisors Training

Hazard Communication

procedures and issues and regulatory requirements applicable to

Phuvweidlis vy s

PNL operations.

"Annual or when changes are made, whichever is more frequent:

This training shall make the employee familiar with the written
building emergency procedures.

Prior to test operations: This training informs staff members
of operating procedures, emergency shutdown procedures, and
waste management procedures for each specific project or test.

Triennial: Instructs personnel in safe operation of cranes.
Triennial: Instructs personnel in safe operation of forklifts.

Biannual: This course gives the staff members information

on the basic characteristics of radiation: natural and man-made
radiation sources, biological effects and risks of radiation
exposure, ALARA, contamination control, and warnings and
alarms.

Initial: Required for female radiation workers only! The briefing
informs the female radiation worker about the potendal hazards of
radiation to females of reproductive age.

Annual: This course will help staff members to recognize
potential respiratory hazards. It will also familiarize the staff
member with the use of air-purifying respirators and their
limitations.

At least 40-h initial and 8-h annual refresher: This training

is designed to enable employees to perform their assigned duties
in a safe and healthful manner so as to not endanger themselves or
OIgnleg clerznoployees This training meets the requirements of 29 CFR
1

This training is designed to enable supervisors to perform
their assigned duties.

Initial: This course familiarizes the employee with his/her rights
under the right-to-know status. Information on material safety

‘data shccts and their availability and on standard industrial hygiene

terms is also covered.

14.4
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15.0 TEST-SPECIFIC PROCEDURES

The SOP (Powell 1993b) details the general operation of the existing pilot-scale ISV
system. This section includes specific operating procedures for this treatability test. These specific
procedures include the waste simulation, the power requirements for the operation of the pilot-scale
system, the use of the water spray system to help control the off-gas hood temperature and
pressure, and the use of a passive vent to control the off-gas hood pressure.

15.1 WASTE SIMULATION

The pilot-scale ISV demonstration will be performed on a staged site containing simulants
of solid waste from the Hanford 100 Area. Simulants used for testing will be nonhazardous and
nonradioactive. Where possible, simulants will be from an existing waste stream so that additional

waste is not generated as the result of this pilot-scale test.

- The three types of solid waste simulants will be combustibles (e.g., wood, paper, personnel

protective clothing), metal (e.g., stainiess and carbon steel, aluminum), and soil. The target
simulated wasie composition is

- soil-63-wi% — combustble: 12 wi% metal: 25 wi%.

Of the metal fraction, as much as 50% may be aluminum. This aluminum loading represents a
potential scenario for full-scale application of ISV to solid waste from the 100 Area.

As material is collected, the type, weight, and estimated volume will be recorded in the
LRB. Material will be stored at the 300W site before placement. Placement of the material into the
staged site will be performed in a random manner and done after instrumentation has been placed
into the site to be vitrified. Photographs will be taken periodically to document the placement of

___waste into the site. In addition, visual observations will be recorded in the LRB (e. g., location of
“pockets of similar material, type of material surrounding instrumentation).

15.2 POWER REQUIREMENTS
1

-~ The startup activities outlined in the SOP will be followed to power up the pilot-scale ISV
c
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and maintain the soil pressure below the static head of the melt. During the demonstration, if one
of the above stipulations is not maintained, the power level will be adjusted as necessary. For
example, if the melt rate is greater than 2.5 cm/h, and/or if the soil pressure becomes greater than
the static head of the melt, the power level will be decreased.

The melt rate will be measured by tracking soil/waste temperatures with type K and C
thermocouples and noting the position of the electrodes (with the electrode feed system, an estimate
of melt depth at the electrodes is possible by noting the amount of electrode that has been fed into
the melt zone). Once a type K thermocouple reaches 1200°C, it is estimated that the melt front is
within centimeters of the thermocouple. Temperature readings beyond 1200°C are not reliable due _
to the limitations of the isolation devices typically used. Type C thermocouples have a maximum

-operating temperature of greater than 2000°C. This is considerably higher than the temperature

maintained in typical Hanford soil melts (1400°C to 1600°C). Based on the position of the
thermocouples, the melt rate can be estimated by noting the time for the melt front to reach adjacent
thermocouples.

The surrounding soil pressure will be measured with an array of pressure sensors. . These
sensors will be housed above ground and connected to sampling points via tubing because 1) the
pressure sensors are not of sufficient durability to be buried in the soil, and 2) if buried, the
expected soil temperatures place the sensors outside their operating range. The surrounding soil

-~ pressure will be compared to the static head of the advancing ISV melt. The static head of the melt

can be calculated using the following equation:
static head = (molten soil depth)(melt density)(gravity)

Moiten soil depth will be based on the process depth (as indicated by the electrodes and soil
thermocouples) minus the estimated amount of subsidence (as observed visually with via the
camera or viewport). Appropriate unit conversions will be used to convert the static head to the
same units as the pressure sensors.

‘153 - WATER SPRAY
A water spray system is to be used as the primary mitigator for combating high heat loads

in the off-gas containment hood and as a secondary system to combat positive pressures in the off-
gas containment hood. The water spray system was designed to remove energy from the gases in
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the off-gas hood by evaporative cooling, thus mitigating the pressure and temperature increases
associated with transient gas releases from the ISV melt (Luey et al. 1992b). In addition, the water
spray-system can be used in a-semi-continuous or continuous mode to combat elevated steady-state
heat loads in the off-gas hood. This latter use of the water spray system will be employed for the
100 Area ISV demonstration.

The premise for the water spray concept is based on the ideal gas law in which pressure is
proportional to temperature for a given volume and number of moles. During a transient event,
water is sprayed into the off-gas hood to remove energy from the gases in the hood. Energy
transferred from gases within the hood is used to vaporize the added water. This energy transfer
leads to an overall temperature decrease in the hood plenum. As a result of the temperature
decrease, the pressure within the off-gas hood also decreases.

The water spray system employed during this demonstration will include three conical
spray nozzles equally spaced from each other around the perimeter of the off-gas hood. The
nozzles are connected to the water supply line via solenoid valves. The water supply line is
connected to a water pump in a recirculating mode. This configuration will maintain adequate
pressure in the water supply line and ensure that there will not be a significant lag phase upon start-
up of the water spray system. Figure 15.1 is a schematic of the off-gas hood with spray nozzles.

The water spray system will be set up so that the nozzles can be triggered automatically
when an off-gas hood temperature setpoint has been reached, or manually if needed (e.g., the

- water spray-system would be-riggered manually to combat pressurization of the off-gas hood).

Figure 15.2 is a schematic of the flow and control setup for the automatic operation of the water
spray system. Water from a 57-L tank will circulate through a 38-L/min, 220-kPag pump until the
hood skin temperature reaches the setpoint value of 425 °C. This setpoint temperature is lower
than the 470 *C continuous operating temperature design limit of the off-gas hood. Once the set-
point temperature has been reached, a signal will be sent to a three-way switch that will trigger a

- timer-and-opeén the valves on the nozzies so that water caii be sprayed onto the off-gas hood for the
- duration set on the timer. Initially,the timer will be set to allow for a 5-s water spray pulse. If this

proves insufficient to combat the heat load in the off-gas hood, then the cycle will repeat. Frequent
actuation of the water spray system may indicate that the timer duration is too short. If the system
is triggered three times in one hour, then the timer setpoint will be increased in increments of 5 s.
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Off-Gas Hood
. Water Spray Nozzle ’ CONNECTION OF WATER SPRAY
o - , NOZZLE TO OFF-GAS HOOD
B .
!
"i ]
Water Pump and
Holding Tank

FIGURE 15.1. Schematic of the Off-Gas Hood with Water Spray Nozzles
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-——--— -~ The-automatic release of water for timed-periods -may-be insufficient to combat high heat loads in
e -the-off-gas hood. If the automatic water spray system begins to continuously cycle, or if the scrub
tank liquid temperatures become excessive (greater than 60 °C), the automatic system will be shut
. _down and the water spray valves operated manually to maintain the desired temperatures in the off-

gas hood and off-gas treatment system. Table 15.1 shows the operating criteria for the water spray

system.

154 PASSIVE VENT
i A passive vent is to be used as the primary mitigator for combating pressurization of the off-
gas containment hood. This passive system consists of a 30-cm diameter pressure relief line,
ad HEPA filter and housing, and one-way flow damper. Figure 15.3 illustrates the components of

r":"’ the passive vent system. The one-way flow damper will ensure that flow through the pressure
-~ relief line is out of the off-gas hood only. The HEPA filter will provide a means for capturing

particulate that may be entrained in the exhausting gas stream. An exhaust point for the passive
vent will be placed approximately 3 m above grade to ensure that personnel are not exposed to
potentially hot gases venting from the off-gas hood.

TABLE 15.1. Water Spray Operating Criteria

1. Setpoints (Automatic Control)
* Timer = 5 s (initial)
» Water flowrate = 4.6 L/min (total)

2.  Criteria for Changing Timer Set-Point
. Increase timer duration if water spray is
triggered three times in one hour

3. Criteria for Switching to Manual Control
* Scrub solution temperature = 60 °C
* Water spray actuation is continuously cycling.
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High Temperature
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EFIGURE 15.3. Schematic of the Passive Vent System

15.5 VOID SPACE MINIMIZATION
- - A-key test objective for the 100 Area ISV demonstration is to demonstrate ISV as a physical

stabilization technique for retrieved buried waste. Performance will be determined by the ability of
subsidence involve the consolidation of the waste material through the elimination of void spaces
created during filling of the waste disposal trench, pre-existing in the waste material, or created as
‘the result of decomposition and degradation of the waste material. The ISV process eliminates
these future subsidence mechanisms through densification and the creation of a stable, durable

product.
- ——--Due to the-high-loading-of gas-generating material (i.c., combustibles) in the demonstration
- test site, there exists the possibility that the final ISV product may contain a higher void fraction
than desired. The ideal final product should contain zero void spaces, thus eliminating a potential
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mechanism for future subsidence. Gases generated during ISV processing may create voids in the
final product by becoming trapped in the glass during processing or during product cooling. The

likely area for void space formation is the cold cap region. This region is at the surface of the ISV
melt and is often cooler than other parts of the melt due to heat loss to the off-gas hood. Since the
region is cooler, the viscosity (and surface tension) of the material is higher than other portions of

- -the ISV melt. This increased viscosity does not allow gases to readily pass through it, thus
4 YP

trapping gases in the final ISV product.

To minimize the amount of void space in the final ISV product, the electrodes will be
gradually withdrawn (with applied power) from the ISV melt upon meeting the three test
objectives. Power will be reduced to a total of 100 kW and the electrodes withdrawn at a steady
rate of 30 cm/h. This procedure will minimize the amount of void space in the final product by

zone, and
-+ heating the upper regions of the molten zone, thus decreasing the viscosity and surface

tension of the material in the upper regions. This will, in turn, better allow gases to escape
this region of the molten zone.

The rate of electrode withdrawal will not be greater than 30 cm/h but may be slower. The basis for
slowing the rate of electrode withdrawal will be either temperature readings from key components
of the off-gas hood (e.g., temperature of the off-gas skin near the electrode feed point, the
temperature of the material composing the electrode seals) or resistance produced from the
viscocity of the ISV meit.
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1.0 INTRODUCTION

The purpose of this Engineering Analysis of the 100 Area ISV Pilot-Scale Demonstration is
to address any potential test specific events that may occur during this treatability test that are not
already covered in existing operating procedures. Although more than 150 individual tests of the
ISV technology at various scale have evaluated the efficacy of the technology to treat a broad range
of contaminants and solid media types, this particular demonstration will be the first application of
ISV to waste that contains aluminum and a high combustible loading.

The target simulated waste composition for the 100 Area demonstration will be 63 wt%

* Hanford soii, iZ wi% combustibies, and 25 wt% metal. These target weight percentages were

determined based on the estimated 100 Area solid waste disposal site contents, computational
modelling, and engineering calculations. The combustible waste will be composed of rags,
clothing, paper, and other soft material while the metal will be composed of aluminum and steel
(mixture of stainless and carbon). Whenever possible, solid materials selected for the 100 Area
pilot-scale demonstration will not only be representative of the materials buried in the 100 Area but

 also be representative of the expected geometries of the solid waste. Hazardous and radioactive

materials will be excluded from this pilot-scale demonstration.
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2.0 NORMAL OPERATING PROCEDURES

The specific steps to be followed when operating the existing DOE pilot-scale ISV
equipment are described in the supporting document, Safe Operating Procedure (SOP) (Powell
____.._1993). The SOP includes start-up, operating, and shutdown instructions as well as a description
of potential system failures, consequences, and required operator actions. These potendal system
failures, while not standard, are anticipated in advance of their possible occurrence during the ISV
process. These anticipated system failures include such things as: electrode failure, loss of power,

)

% fire, process blower or wet scrubber pump malfunction, area evacuation, discontinuity of process
B~ control instrument feedback signal loop, loss of heat exchanger cooling, high transformer

EH“: temperature, failure of the process off-gas heater, off-gas hood pressurization, low and high scrub

HEPA filter system high pressure drop, equipment restart,

B tank velumes, process piping leaks,
- & - -excessive hood temperatures, and loss of instrument(s). Since these events have been evaluated
and accounted for in the SOP for the pilot-scale ISV equipment, no further discussion is included

in this Engineering Analysis.

[
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3.0 TEST SPECIFIC POTENTIAL EVENTS

The high combustible and metal loading that will be present in the simulated waste for the
100 Area ISV pilot-scale demonstration represents a different setting relative to processing only
soil. Therefore, several test specific potential events were considered based on these differences.
Table 3.1 shows each of these possible events, their causes, and any primary and secondary
consequences. The remainder of this section provides a brief discussion about each event.

TABLE 3.1. Test Specific Potential Events

Potential Events Causes Primary Secondary
Consequences Consequences
High Heat Load » High Combustible Exceed Design Limits * Exceed Design
Loading for the Off-Gas Hood Limits for External
« High Aluminum Devices
Loading » Cesium Volatlity
[ Elecmical Shorting In - |- Figh Metal Loading | Exceed Design Limits | Compromised Safety
Melt Causes Separate for the Transformer
, Phase in Melt
Loss of Hood High Combustble Exceed Design Limits None identified
] Vacuum Loading for the Off-Gas Hood
High CO/CO; Levels High Combusuble Compromised Safety None Identified
Loading
Qutward Growth of High Combusuble Reduction in Hood Compromised Safety
Melt Loading Vacuum
Underground Fires High Combustible Escape of Untreated Compromised Safety
Loading Off-Gases
Molten Soil » High Combustible s Exceed Design Hood Pressurization
Dispiacemient Loading Limits for Equipment
« Excessive Melt Rate » Compromised
Safety
- Inability to Sustain Aluminum Oxidation Unable to Compiete *Thermite Reaction
the Melt Resulting from High Demonstration sHotter Off-Gas and
Metal (Aluminum) Plenum
Loading » Exceed Design
Limits for the Off-
Gas Hood
«Compromised
Safety

3.1
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3.1 HIGH HEAT LOAD

The maximum steady-state operating temperature limit for the pilot-scale off-gas hood skin
is 470 °C. Previous pilot-scale ISV melts done at Idaho National Engineering Laboratory (INEL)
on waste containing combustible material (1-3 wt%) resulted in short durations (< 5 minutes) of
off-gas hood plenum temperatures in excess of 700 °C (Callow et al. 1991). One source for these
temperature spikes could be when combustible material was encountered by the melt front. The
combustible wastes pyrolyze, move to the melt surface, and burn during the ISV process which
causes an increase in gas volume and heat load to the off-gas system. Another source for the

e temperature spikes could be transient gas releases from sealed containers. The 100 Area pilot-scale
o>
- demonstration will not use sealed containers; however, the simulated waste will contain a much
Tt higher combustible loading (12 wt%) than the INEL tests. This increased plenum temperature may
E;~:' increase the temperature of the off-gas hood skin and approach the steady-state design limit.

CH1  Another possible cause of a high heat load in the pilot-scale off-gas hood is an increased

melt temperature. This possibility exists for this treatability test because of the high aluminum
loading (up to 10 wt%) in the simulated waste. The aluminum has the potential to oxidize to
alumina (see section 3.8 of the this Engineering Analysis), which would result in a higher viscosity
- glass. Anincrease in viscosity results in somewhat higher melt temperatures and longer melt
. times required to accomplish melting. This increased melt temperature would cause a higher heat
load to the off-gas hood through convective and radiative heat transfer. '

- - The primary consequence from-a high heat load scenario would be exceeding the design
limits of the off-gas hood, thereby possibly compromising its integrity. Once compromised,
untreated off-gases may enter the environment if the off-gas hood is pressurized to a pressure

~above that of the ambient environment. For this pilot-scale demonstration, a release of untreated
off-gases pose a minimal safety threat because all the simulated waste will be non-regulated, non-
hazardous, and non-radioactive (major safety threat would be exposure to hot gases escaping from
ihe off-gas hood).

- Secondary consequence of a high heat load in the off-gas hood would be exceeding the
design limits of the external devices located near the hood (i.e., electrical cables, pneumatic hoses,

*~ fibergrate piatform and steps). Non-smearable trace levels (0.04 uCi) of cesium-137 exist on the
off-gas hood and off-gas outlet piping from previous tests. In the unlikely event that all of the

cesium-137 was volatilized and released to the environment, this trace amount would be less than

3.2
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the reportable release quantity of 1 Ci. Such a release of any material has a very low probability
for it requires the following to occur: 1) the entire inventory of Cs-137 would become volatilized,
2) the off-gas hood would become positively pressurized, and 3) all of the controlled release points
for gases (off-gas treatment line, passive vent, and backup blower) fail. The key to this sequence,
the volatilization of the entire Cs-137 inventory, is very unlikely since this would require the off-

gas hood skin and/or piping to reach a temperature of at least 670°C. Control measures, discussed
in Section 4.0, are implemented to maintain the temperature of the off-gas hood skin at 425°C or

lower.
3.2 ELECTRICAL SHORTING IN MELT

_The high metal lpading (= 25 wt%) in the simulated waste for this demonstration may lead
to electrical shorting in the melt. Metal, which has a much higher electrical conductivity then
molten soil, can decrease electrode voltage when present during ISV, and in extreme cases it can
result in a short circuit. As the melt grows and proceeds downward through a metal object, the
metal will melt and settle at the bottom, resolidifying if the temperature is below the metal’s melting
point. As the metal pool grows and the fraction of electrode spacing occupied by metal increases,
the power and voltage decline gradually until a short circuit occurs.

The primary consequence of this electrical shorting would be to exceed the design limits of
the transformer. This could result in blown fuses and tripped breakers requiring increased access to
the transformer cabinet. This increased access to the transformer cabinet brings about a secondary
consequence of compromised personnel safety because parts of the cabinet are energized.

3.3 LOSS OF HOOD VACUUM

The off-gas hood is maintained at a vacuum (3.8-cm wc average) in order to route off gases
through the off-gas treatment system. Previous ISV melts performed at INEL on waste containing
combustible material (1 - 3 wt%) resulted in relatively slow developing pressure spikes (Callow et
al. 1991). The mechanisms by which the off-gas hood may become positively pressurized are as
follows: 1) a net energy increase of gases in the hood caused by either an addition of hot gases
from the ISV melt, combustion or pyrolysis gases in the hood, or increased radiant and convective
heating of gases in the hood due to changes at the melt surface, 2) a net increase in the number of
moles of gases in the hood, and 3) a net increase in both the energy and the number of moles of

gases. The simulated waste used in this
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100 Area demonstration will contain a much higher combustible loading (12 wt%) than the INEL

__...__.__tests, so the potential for pressurization of the off-gas hood exists.

As with the high heat load, the primary consequence of a positive pressure event would be
exceeding the design limits of the off-gas hood, thereby possibly compromising its integrity. A

- -temporary-pressurization-the off-gas hood to a pressure above that of the ambient environment

could potentially allow untreated off-gases to enter the environment . This is referred to as a
transient event. As previously stated, only the release of trace levels of Cs-137 (found on the off-
gas hood and off-gas piping) may be of concern since all of the simulated waste material used for
the demonstration is non-regulated, non-hazardous, and non-radioactive. However, as previously

____discussed, a number of events need to occur in order for any Cs-137 to be released.

~~3:4  -HIGH €0/C0O, EMISSIONS

During ISV of a waste site, any solid combustible inclusions within the soil are pyrolyzed
into gases by the high ISV melt temperature. The pyrolysis gases move upward either around or
through the molten zone. Combustion occurs when the pyrolyzed gases contact air at the surface
of the molten soil (since the environment under an ISV melt is reducing in nature, very little
combustion occurs beneath an ISV melt). Since the simulated waste for this demonstration

- - contains a high loading of combustibles (12 wt%), there is a possibility that the CO/CO, emissions

from the off-gas hood may be excessive. The possibility of high CO concentrations /emissions
could result in localized CO concentration gradients in the processing area around the trailer and
possibly exceeding the lower explosion limit (LEL) of CO (12.5% at standard temperature and
pressure). During operation, levels should be maintained below 10% of the LEL. The primary
consequence of this event would be a compromise of personnel safety.

During the full-scale application of this demonstration, a negative consequence of high co
levels could be exceeding the 40 CFR limit of 100 tons per stack per year. If during the pilot-scale
demonstration the CO emissions turn out to be high, mitigating factors will need to be addressed in
order to control this during the full-scale application.

3.5 OUTWARD GROWTH OF MELT

-~~~ ~-During the ISV process, the ISV melt propagates both vertically and laterally via heat

transfer from the ISV melt to the surrounding media. For the initial phases of the ISV process, the
surface area at the bottom of an ISV melt is greater than the surface area of the sides; therefore, the
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rate of melt growth downward is greater than the rate of growth outward. As the process
progresses, the ratio between the surface area of the bottom of the ISV melt and the surface area of

rF>~m A

- -the sides of the ISV melt decreases, resulting.in a more uniform downward and outward growth

rate. For ISV melts with just soil, the heat transfer mechanism results in an ISV melt that is
hemispherical in shape.

Two factors that influence melt shape and melt growth are the composition of the material
that is being processed and the heterogeneity of the waste site. Since the ISV process relies on heat
transfer to the surrounding media to propagate, the presence of voids and materials that melt easily

. woulid increase the meit growih into regions containing such influences. - If the materials are not
-uniformly distributed throughout the waste site, then preferential melt paths may be established.

For the 100 Area ISV demonstration, the waste will be staged in a rectangular shaped

_._trench that will be completely covered by the ISV off-gas hood. Metal and combustible material to
-. be nsed for the demonstration will be processed more easily than Hanford soil and may create a
- preferential path for melt growth along the axis of the simulated waste trench. If the growth along

these paths is excessive (i.e., approaches the boundaries of the ISV off-gas hood), then the
primary consequence may be a reduction in the seai of soil around the base on the off-gas hood and
a reduction of the off-gas hood vacuum. A secondary consequence would be to compromise the
safety of personnel who may be walking near the off-gas hood.

3.6 UNDERGROUND FIRES

---Underground fires is a technical issue identified for buried waste applications such as those

e

* predicted at the INEL (Nickelson, Luey, and Callow 1992). The issue is the potential for an

underground fire to be initiated by the high temperature of the ISV process and then self-
propagated. If the underground fire propagates beyond the boundaries of the ISV off- gas
containment hood, then there exists the possibility that off-gases created by the fire may enter the
atmosphere untreated. Previous tests with combustible material have not shown that this
phenomena occurs. However, the high combustible loading for the 100 Area ISV demonstration

~-may create conditions conducive for underground fires that did not exist for previous tests.

The primary consequence of this event, if it propagates beyond the boundaries of the ISV
off-gas hood, would be the potential for off-gases to be released to the environment untreated. A
secondary consequence would be the compromised safety of personnel working around the ISV
hood. The former consequence is not an issue for the pilot-scale test since nonregulated,
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---nonhazardsus;-and nenradicactve materials will be used fortesting- The-latter, however, may be

of concern since the products from combustion (CO and CO,) pose a risk to personnel if the

exposure levels are high enough.

3.7 MOLTEN SOLL DISPLACEMENT

During the ISV process, the water present in the pores of the soil near the melt is heated to
~~~ -~ boiling and combustibles are combusted or pyrolyzed (depending on the availability of oxygen).
Both of these processes produce significant quantities of gas beneath the ISV melt. If the

= permeability of the soil is low due to its tight structure, or the presence of solid regions (e.g., metal
o= drum, concrete wall, etc.), the gas generated can cause a significant increase in pressure below the
- w: ___..melt. When this pressure becomes greater than the static head of the melt, there is the possibility it
R‘—;f can rupture the sintered soil layer surrounding the melt and send one or more bubbles of gas into
- é:\ -~ the melt. As the bubbles rise through the melt, their volume increases due to both decreasing

pressure and increasing temperature as the bubbles are heated up. The bubbles break when they
reach the surface.

The presence of bubbling during the ISV process in itself is not an issue. However,
problems can arise if the bubble becomes large (>2 meters in diameter). This large bubble volume
displaces an equal volume of melt, causing the molten soil to overflow its boundaries (termed a
“molten soil displacement event””) and causing a temporary pressurization of the containment hood
(Roberts et al. 1992). When the bubble reaches the melt surface, it bursts, and may result in the
displacement events that have occurred to date involved large-scale tests on settings with large,
high integrity steel containers. One test involved 55-gallon drums (Roberts et al. 1992; Geosafe
Corporation 1993) and the other a 3.0-m-diameter tank (Tixier, Corathers, and Anderson 1992).

-~ . The primary consequences of such a scenario is to compromise personnel safety and exceed
the design limits of the off-gas hood. In addition, a secondary consequence of a molten soil
displacement is the potential for an uncontrolled release of contaminants into the atmosphere as the
off-gas hood is pressurized. As previously stated, the latter consequence is minimal for this test
since the simulated waste does not contain any regulated, hazardous, or radioactive material.
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The 100 Area trenches contain a significant quantity of aluminum (= 15 wt% of the waste
inventory, exclusive of soil). Questions about the influence of the aluminum on the ISV process

--grose because no previous ISV melts have been attempted on waste containing aluminum. To

estimate the fate of aluminum during ISV processing and the effect of the aluminum on the melting
process, calculations were performed using the experience of joule-heated melters as a basis
(100AREA-93-05). Based on this analysis there is the potential that the aluminum will oxidize

- during the melt and therefore change the properties of the ISV melt. The primary consequence

from this aluminum oxidation would be the inability to complete the demonstration due to a change
in properties that lead to an inability to sustain the melt.

One secondary consequence of the oxidation of aluminum in the waste is the possibility of a
thermite reaction. A thermite reaction refers to the exothermic chemical reduction of a metal oxide
by metal powders of another more reactive metal. Such reactions do not require any external
source of O since it is supplied by the metal oxide. In the combustion of aluminum to form
alumina, the heat of formation of the latter so far exceeds the heat absorbed in the decomposition of

_the oxides of many metals, that both the liberated metal and the alumina produced in the reaction
~ reach a sufficient temperature to melt them and possibly cause an explosion. If a thermite reaction

were to occur during the ISV melt, it could cause a hotter off-gas plenum, possibly exceed the
design limits of the off-gas hood, and potentially compromise personnel safety.

Another secondary consequence would be the formation of a final product that did not meet
test objectives. If the aluminum becomes an oxide at the expense of oxides already present in an

ISV melt, there is the potential that the final melt composition would not be conducive to a durable
h mav ale

- -glass and may not ferm-a-glass at 2ll. The final product strength may also be compromised.
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4.0 MITIGATING SYSTEMS/PROCEDURES

Once the potential test specific events from Section 3.0 were identified, potential mitigators
for these events were addressed. This section defines and identifies all the mitigating
systems/procedures that wiil be used to help prévent and/or control the potential évents defined in
section 3.0. Table 4.1 shows which potential events will be mitigated (prevented or controlled) by

g

¥~

each system/procedure.

TABLE 4.1. Potential Mitigators

Potential Mitigators

Control Zone
Reduction of Power
Water Spray
Engineering Calculations

Electrical Shorting in Melt

Reduction of Power
Electrode Feed System

Loss of Hood Vacuum

Control Zone
Reduction of Power
Water Spray
Passive Hood Vent
Engineering Calculations

High CO/CO; Levels

Reduction of Power
Monitor in Control Trailer and at Stack
Engineering Calculations

Outward Growth of Melt

Control Zone

- -----Reduction of Power

Monitor Melt Path
Random Placement of Waste
Video Camera
Size of Hood >> Size of Trench

~Underground Fires

Control Zone
Reduction of Power
Monitor Meit Path
Size of Hood >> Size of Trench

Molten Soil Displacement

Control Zone
_Reduction of Power
Modeling
Add Soil Berm Inside Hood
Video Camera
Soil Pressure Measurements

~ Inability to Sustain the Melt

Bench-Scale Test
Engineering Calculations
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4.1 CONTROL ZONE
A Control Zone will be set up around the pilot-scale hood at the ISV site in order to protect

_site personnel from any injuries during a high heat load and/or loss of vacuum in the off-gas hood,

any outward growth of the melt, underground fires, or a molten soil displacement event. During

- operation, visitors will be-excluded from the control zone. A visitor is defined as an individual

“who has not received all of the test Speciﬁc training (e.g., Test Plan, SOP, Radiation Work Perimt

(RWP), etc.).
4.2 REDUCTION OF POWER

' The meit rate will be siowed down by either reducing or suspending power in order to
mitigate any one or more of the following: a high heat load or a loss of vacuum in the off-gas
hood, high CO/CO; levels in the off-gas treatment system stack, an outward growth of the molten

zone, underground fires, and/or a molten soil displacement event.

4.3 WATER SPRAY

In order to mitigate transient events in the off-gas hood that are the result of net energy
and/or material increases within the off-gas hood, a water spray system will be used. The water
spray system is designed to remove energy from the gases in the off-gas hood by evaporative
cooling, thus mitigating the pressure and temperature increases associated with transient gas
releases from the ISV melt (Luey et al. 1992a). The water spray system can also be used in a semi-
continuous or continuous maode to combat steady-state heat loads in the off-gas hood.

The premise for the water spray concept is based on the ideal gas law in which pressure is
proportional to temperature for a given volume and number of moles. During a transient event,

~-Wwaler is-sprayed inio ihe off-gas hiood to remove energy from the gases in the hood. This energy

transfer leads to an overall temperature decrease in the hood plenum. As a result of the temperature
- decrease, ihe pressure within the off-gas hood also decreases. The addition of liquid water, which
vaporizes, does not increase the hood pressure as may be expected because the decrease in off-gas
temperature resuiting from the energy wansfer is sufficient 1o compensate for the expanding volume
of the vaporized water.
It is possible that the addition of water will convert some of the CO produced from
combustion to CO7 and H; gas as per the “water gas shift reaction™

CO(g) + HO(g) -~-----—- > CO2(g) + Ha(g) (T =250"C, iron oxide catalyst)
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Engineering caiculations to estimate the levels of hydrogen that may be produced are discussed in
Section 4.13.4.
4,4 ELECTRODE FEED SYSTEM |

The electrode feed system provides a means of controlling the vertical position of the
electrodes in the ISV melt and is described in greater detail in the SOP for the pilot-scale ISV
equipment. If conditions in the melt change (e.g. electrodes establish contact with the molten metal
pool at the melt bottom, causing a direct short), the electrodes can be gripped and retracted out of
the shorting condition without process delays or lost time.

4.5 PASSIVE HOOD VENT

A passive hood vent will be included in the design of the off-gas hood to prevent untreated
off-gases from entering the environment when a positive pressure event occurs. The vent will

- ~consist of a flapper valve and HEPA filter housing. The flapper valve will allow flow out of the

hood only, while the HEPA filter will remove particulate. Allowing increased flow out of the off-
gas hood will reduce the positive pressure attained during an event.

In addition to this passive hood vent, there is also an existing seal pot assembly system on
the off-gas hood. This system allows for controlled air in-leakage and hood vacuum control. The
seal pot assembly will be checked every hour and if the water level is low it will be adjusted as

manaconwr

nwLodal y.

T 4.6. MONITOR IN CONTROL TRAILER AND AT STACK

CO and CO; emissions from the off-gas will be monitored at the stack. In addition, CO

concentrations will be monitored in the process control trailer. Because of the high combustible
loading in the simulated waste for this demonstration, there is the possibility that the CO
concentrations could exceed safety limits. Table 4.2 shows the regulating limits that DOE must

Physical Agents and Biological Exposure Indices” as published by ACGIH.

Gathering good data on the CO and CO; emissions during this pilot-scale demonstration is
very important because this data will be needed when scaling up for the full-scale application. A
complete regulatory analysis must be done for the full-scale application.

4.3
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TABLE 4.2. ACGIH Regulatory Limits for CO

PEL, 2 CL, » IDLH, ¢
29 mg/m3 ‘ 229 mg/m3 1740 mg/m3
25 ppm - - ——200 ppm 1500 ppm

a) PEL (Permissible Exposure Limit) = The time weighted average concentrations that must not be

exceeded during any 8-hr work shift of a 40-hr work week.
b) CL (Ceiling Limit) = The limit that should not be exceeded during any part of the workday

.

¢) IDLH (Immediately Dangerous to Life and Health) = The maximum concentration from which,
in the event of a respirator failure, one could escape within 30 minutes without a respirator and

without experiencing any irreversible health effects.

4.7 MONITOR MOLTEN ZONE

Type C and type K thermocouples will be used to monitor the molten zone. The
monitoring frequency will range between 1 - 30 minutes. These monitored temperatures will be
able to detect any significant outward growth of the molten zone or any significant underground

fires.
4.8 RANDOM PLACEMENT OF WASTE

The simulated waste will be randomly placed in the trench so that there is not a large

ornwith ~Af ¢

— -concentration of combustibles in one area. This will minimize outward growth of the melt by

avoiding the creation of preferential melt paths. This placement of waste is also more
representative of full-scale, in which earth moving equipment would be used to stage sites.

4.9 MODELING
Two computational models were used to estimate parameters for the 100 Area pilot-scale
demonstration. The ISV computer model estimates melts shape for homogenous soiis while the

~ TOUGH2 code is used to estimate gas profiles (specifically pressure) surrounding an advancing

ISV melt. This section discusses the use of these two models and the results.
4.9.1 ISV Computer Model
4.5.1.1 Model Overview
- —The ISV.3.01 PC model was used to estimate the melt shape for the pilot-scale 100 Area

demonstration. Predictions for melt rate, shape, and power consumptions are estimations only due
to the assumptions within the PC model (e.g., the model does not take into account heterogeneous
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-~ — settings). During operation of the program, the ISV melt zone depth grows downward in equally
spaced increments. The rate of melt growth is based on the heat flux at the edge of the melit.
Power input is dependent on power transformer size, voltage tap selection, and melt zone
resistance. The equations used to calculate power are:

P=VYR
and

P=I2R

where P = power, V = voltage, R = resistance and I = current.
The resistance is calculated between édge electrodes (R.) and diagonal electrodes (Ry) as described

by the following two equations:

In(28¢/D)
Re=p—rr
nDg
In(S¢/D)

=P Dg
where:

p = average electrical resistivity of the glass

- §g=-electrode separation along the edge

Sq = diagonal electrode separation

D = electrode diameter

Dy =molten glass depth.

The overall melt zone resistance is then calculated by:

RiRe

“TRe+Re

The mathematical model calculates heat losses through the exposed upper surface and into
the surrounding soil. Heat losses into the soil are calculated using a constant heat flux value
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applied to the molten zone side and bottom surface area in contact with soil. The surface heat
losses are deiermined in a similar fashion using the area defined by the four corner electrodes for
data. Using an average soil thermal conductivity of 0.20 W/m+K, the heat flux from molten glass
to surrounding soil ranged from 2.3 to 3.2 kW/m2. The maximum value, 3.2 kW/m2, was
conservatively selected as the heat flux term for heat losses into the surrounding soil. Based on a
measured nominal surface temperature of 570°C, the heat flux through the upper surface was 32
kW/m2. This value agrees with actual pilot-scale test data and was selected as the surface heat flux

term for the model.

" ......The model assumes that glass temperature was constant and thermal conduction of the

electrodes had no effect. While glass temperature does change during an actual operation due o
changing power density, the average temperature used by the model agrees well with actual pilot-

scale data.
4.9.1.2 Results from ISV Computer Model

The ISV model estimates that the melt width upon completion of the demonstration would
be about 3.2 m. This is narrower than the base of the ISV pilot-scale hood which is about 4.3 m.
It is not anticipated that the ISV melt for the 100 Area demonstration, which will contain a high
metal and combustible loading, will grow to be any wider than the estimated 3.2 m. The reasons
for this prediction are 1) prior experience with buried waste at Idaho National Engineering
Laboratory (INEL) showed the melt to progress as if in an “elevator shaft” (Callow et al. 1991)
and 2) the metal loading of the simulated waste site is believed to enhance downward melt growth.
Figure 4.1 shows the projected melt depth and width as a function of time and Figure 4.2 shows
the projected melt shape after 60 hours of run time. It should be noted that the model assumes a
homogeneous soil; therefore, the shape and meit rate for the demonstration will likely be different.

4.9.2 TOUGH2 Model

Computer simulations were used to investigate the application of ISV for processing
contaminated soil containin g ii_i'g’h loadings of solid, compressible and metal waste materials typical
of the 100-B/C trench at Hanford. These simulations investigated the transient hydrothermal
phenomena occurring in the soii below an ISV melit using TOUGH?2 computer code. This work
will help researchers understand what conditions are likely to cause pressurization of the soil
surrounding the melt in order to prevent gas flow from this region through the melt - a potentially
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4,9.2.1 Model Overview

TOUGH2 is an unsaturated groundwater modeling code, capable of treating non-isothermal
problems, developed by Karsten Pruess at Lawrence Berkeley Laboratory (Pruess, 1987, 1990).
TOUGH?2 treats unsaturated groundwater and gas flow in response to pressure, temperature, and
liquid saturation gradients. It also computes the change in phase between liquid and gas and
includes models for relative permeability and capillary pressure.

Although TOUGH?2 code was not developed to model complex chemical reactions, it does
allow for injection of gas, liquid, and heat into any number of locations. This feature was used to
approximate the introduction of pyrolysis energy and byproducts resulting from the exposure of
the organic waste forms to the high temperature ISV melt.

... The ISV processing of waste from the 100-B/C trench was modeled with as much realism
as possible. The model included representations of the melt (with moving melt front), pyrolysis of
organic materials, off-gas hood at the soil surface, and the thermal-hydraulic phenomena occurring
in the soil. The phenomena occurring in the soil surrounding the melt typically mimic the
approximaiely hiemispherical shape of the melit, and there is Iittle variation around the perimeter of
the melt. To take advantage of this symmetry, the simulations used a two-dimensional wedge from
a spherical coordinate system. Several simulations where run using this 2-D model.

4922 Input Parameters

Properties from soil typical of the ISV site in the 300 Area of the Hanford reservation were
- -used for these models. -Experimentally measured hydraulic properties and approximations for the

__thermal properties are entered in Table 4.3 (Rockhold, et al,, 1988, and Hillel, 1980). The soil was

assumed to be 82% gas saturated and at 15 *C and 101,350 Pa (approximately atmospheric
conditions) before the vitrification process was initiated.

The advancing ISV melt front was considered to be an impermeable boundary to gas and
liquid flow and maintained at 1300 *C. The melt front was assumed to move at 2.5 cm/hr (which
is typical for pilot-scale ISV operations), approximated by a step-wise process.

A simple model was used for the off-gas hood above the melt. This hood directs

-~ contaminants eriginating from the melt and the soil surrounding the melt into the off-gas treatment

system. In the model, the soil surface covered by the hood (4.3 m in diameter) was assumed to be

4.8
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TABLE 4.3. ISV Site Soil Properties

Absolute Permeability 1.0le-11 m2
Grain Density 2720 kg/m3
Porosity 0.398
Thermal Conductivity 1.305 W/m °C
Specific Heat 800 J/kg °C
o Capillary Pressure and - o =53751/Pa
Relative Permeability n =2.6889
(VanGenuchten functions) S,=.214
S:=1.0
Pmax = 1.0e+5 Pa

.maintained at a partial vacuum of -0.25 cm H20, and 200°C. These numbers are based on typical

large-scale, ISV hood operating conditions (Buelt, et al. 1987). These assumptions are worst case
because the pilot-scale ISV system usually runs at a higher vacuum than that of the large-scale ISV
system, reducing the soil pressures beneath the melt.

To model the waste in the simulated trench, assumptions were made about the amounts of
various constituents present. The constituents modeled were metal (12% by volume), combustible
materials (68%), and soil (20%). Computational cell sizes were defined with approximately 6
inches on a side to model the expected scale of the waste pieces. The cells of the model falling
within the trench region were randomly assigned one of these material types, preserving the
assumed volume fractions. The nodes assigned with the metal material type were assumed to have
small soil inclusions, making them only slightly permeable to fluid flow. This assumption was

__hecessary to prevent unrealistic pressure buildup due to the numerical approximations of the fluid

flow in the soil. The metal was assumed to have thermal properties midway between aluminum
and steel. [t was also necessary to make the combustible nodes partially permeable to fluid flow.

--A-permeability half the magnitude of soil was used for the combusibie nodes.

49.2.3 Pyrolysis Model

When the solid organic wastes (such as wood and paper).in the trench beneath-the ISV-melt
reach a certain temperature, they will begin to pyrolyze. In this process the solid waste forms are
converted to gas. Combustion will probably not occur because the gas surrounding the melt is

~--predominantly water vapor and deficient in the oxygen necessary for combustion.
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] Some experimental data is available on the products typically created during slow pyrolysis
processes. Below 200°C, water vapor leaves the organic wastes, but no pyrolysis occurs. Above
-~ 200°C, pyrolysis occurs with typical products as shown below in Table 4.4 (Emrich, 1985,
McKeogh et al., 1985, and Schiefelbein, 1985). The slow pyrolysis process is endothermic,
requiring energy from its surroundings. Experimental data indicates that the required heat of
vaporization is approximately 710 kJ/kg.
TOUGH?2’s ability to handle mass sources in the computational domain with specified

e LUV

_ _g==...__...mass flowrates and specific enthalpies was used to model the pyrolysis process. To use the
&5 pyrolysis data in the TOUGH2 code model, some assumptions and approximations were made
:E specifying the regions of the rench undergoing pyrolysis and what gas generation rates and
Py enthalpies were produced.
i:., Figure 4.3 shows a typical temperature profile in the soil outside a moving ISV melt. This
= profile was calculated by TOUGH2 assuming a 1 in./hr melt progression rate and soils typical of

those described in Table 4.3. Computational nodes for this problem were typically 6 inches on a
side. Three of these nodes are represented in Figure 4.3 as node 1 (closest to the melt at
approximately 900 °C), node 2 (between 6 in. and 1 ft. from the melt at 450°C), and node 3 (1 ft.
to 1 ft. 6 in. from the melt at 250°C). From this figure, it is apparent that only the three nodes

TABLE 44. Typical Pyrolysis Products

Between 200°C and 500°C:
20% (by volume) light organic smoke (ie. methanol, phenol, etc.) with
e e e e e TOJECHIAT Weights ranging from 30-200 and averaging 100.
- ... ... 3% gasin the following percentages:
50% CO
20% CO,
15% H,
15% Methane and ethane
10% water vapor
35% solid char

Above 500°C, the solid char breaks down further into:
85% (by volume) gas (CO, CO», H, methane, and ethane in the same

percentages as above)

=IIELYY Lu G Y

15% water vapor
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Figure 4.3. Typical Temperature Profile in Scil Surrounding ISV Melt

closest to the melt are pyrolyzing at any time, those at greater radii are below 200°C.

The data suggests that approximately 65% of the organic volume is consumed between 200
and 500°C and the rest is consumed above 500°C. Knowing this, the volume flowrates of gas
being generated were determined. For this model, one-third of the solid, organic waste was
assumed to be consumed in each of nodes 1, 2, and 3 during a 6 hour period. This defined the

~— -~ —volume rate of gas generation for each of the nodes. To convert this to a mass generation rate, a
density of 400 kg/m3 was used for the solid, organic material. The pyrolysis gas mass
flowrate was then calculated as:

Mgas = VOl *Pysiic/tbumn

where: vol = volume of the specific node
Psolid = 400 kg/m3, density of solid organic waste

tum = bum duration time (typically 3 hours)
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The specific enthalpy of the pyrolysis products was found by volume weighing specific
heats of the species making up the gas and multiplying the result be the node temperatures. The
specific heats are functions of temperature and the enthalpies were calculated with respect to 0°C
(the reference used by TOUGH2). These values are shown below in Table 4.5.

The mass flowrate and specific enthalpy of the gas mixture generated by the pyrolysis
process have been approximated. Unfortunately, TOUGH2 is restricted to use only air and water
vapor for injection sources, which have different specific heats and molecular weights than the
predicted pyrolysis gases. Therefore, the air or water vapor injection was adjusted to model the
actual pyrolysis gases. Two methods were used for this modeling: One assumed the same mass
and temperature of injected and actual gas, the other assumed the same number of molecules and
energy of the injected and actual gas.

The model conserving mass and maintaining temperature is worst case since it would resuit
in higher calculated pressures than those generated in the actual pyrolysis process. This model

ssumes:

fRaFid was

hair = Cpair Trode - hexp

where:

Lo

Mg, = calculated mass flowrate of pyrolysis gases
Cpair = specific heat of air

hexp = experimentally determined specific enthalpy of
vaporization, 710,000 J/kg. ‘

TABLE 4.5. Properties of Pyrolysis Products as a Function of Temperature

T© Cp (Jkg K)* h kg MW
250 2621.41 655,353 48
450 2871.85 1,292,331 48
900 3661.21 3,295,085 25

*from VanWylen and Sonntag, 1978.
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This approach significantly over predicts the pressure in the system because the molecular

weight of the air is less than the lower temperature pyrolysis gases. This means that for a given
mass of air injected, a larger number of molecules and gas volume would be added than with actual
lysis gases. The specific heat of air is also significantly smaller than that of the pyrolysis

T Tt T y AVEY IID EWas AN VW LLLW LAGLE WL Gl O Al D511

gases. This implies that for a given energy input to a node, the change in air temperature would be

greater than for the pyrolysis gases. Also, the specific heat of the pyrolysis gases increases with
temperature more dramatically than air, so this effect would be accentuated as temperature

increased.
o ~ The air mass flowrates vary from node to node, hut the specific enthalpies of the injected
‘“":i ~ air are only temperature dependant:
. hair 250°c = -4.49x105 J/kg

hair as0°c = -2.18x105 J/kg
hair 900°c = 3.52x105 J/kg

The negative sign simply means that the enthalpy is below the reference enthalpy of 0°C.

The second modeling approach conserves the number of molecules and the energy injected
into the system. This approach more accurately models both the energy and the pressure of the
system than the first method. The equations governing this model are:

My = MWa,-,JMwgas * Mgag

where:
MW ,;r = Molecular weight of air

MW, = Moiecular weight of pyrolysis gases

Given a control volume at a known temperature, the same pressure will occur for a specific
number of molecules for any species of gas (assuming ideal gas). This means that conserving the

- ————— -number of molecules injected, the modeled pressure should be relatively close to the actual
pressure. By definition, the energy delivered to the system in this model is equal to that delivered

during the real pyroiysis reaction.

i

As with the first model, the air mass flowrates vary depending on node volume, but the
specific enthalpies are only temperature dependant;

4.13
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hair 250°Cc = -9.06x104 J/kg
hair 450°c = 9.66x105 J/kg
hair 500°c = 2.26x106 J/kg

Both of these models were used to model the pyrolysis process for this pilot-scale ISV
demonstration. The difference between the resulting pressure is a measure of the impact of the
assumptions made.

49.2.4 Results from the TOUGH2 Model

Simulations were run using two statistical distributions of waste. One happened to have
metal sections well dispersed (random distribution #1) so that they didn’t form long impermeable
barriers that prevented fluid flow and increased pressure. The other distribution had many such
barrier zones (random distribution #2). The distribution of metal sections and the assumptions
used in modeling them had a dramatic effect on the calculated results. The specific model used for
the pyrolysis process did not have a significant effect on predicted pressures.

Figure 4.4 shows the history of the maximum predicted gas pressure in the soil beneath the
" melt and the approximate static head of the melt. The data sets plotted show results from runs
A tha madal 11ead £

.- using different assumptions. for the.inclusions present in-the metal regions and the mode! used for

pyrolysis. With no inclusions, the pressure history show three peaks (one of which is dramatic).
. _These peaks correspond to times when metal sections are surrounding pyrolyzing regions on two
sides, with the melt blocking flow in a third direction. This reduces the available routes of escape

T aFARAR N

for the pyrolysis gases which leads to a local increases in pressure. With 1% and 10% inclusions
in the metal (these data are coincident in Figure 4.4), some pyrolysis gas is allowed to escape

- —-- ---lhrough the metal regions. The permeability of the metal with inclusions was assumed to be the

volume average of the metal (zero permeability) and inclusions (soil permeability). This is a

realistic assumption since the metal filled regions of the real trench will not be solid, they will be an

aggregate of metal pieces interspersed with soil or other waste. The resulting increase permeability

of these regions decreases the maximum pressure. The particular distribution of metal in the trench
. for random: distribution #1 did not create a situation where gas was forced to flow through metal

-~ —regions-to-escape, there were always pathways through more permeable soil or combustible

material.
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Figure 4.4. Pressure History Beneath the ISV melt with Random Waste Distribution #1

The worst case pyrolysis model, where mass is conserved for the injected gas, shows an
increase in pressure over the more realistic pyrolysis model. This was the expected result of these
models. It is likely that the pressure created by the actual pyrolysis process would not be as high

-..as predicted with the worst case model,

Figure 4.5 shows the pressure history beneath the melt with random distribution #2 of
waste. Since this distribution contained pockets of pyrolyzing material surrounded by metal, the
simulation with 0% inclusions in the metal nodes was not possible. Without inclusions the

- “‘pressure in these region wouid continue to build up without relief. --In this figure, the peaks in
pressure occur when the pyrolysis gases are required to escape through metal filled regions.
Because flow was forced through the metal zones, a difference is discernible between the 1% and
10% inclusion simulations. The permeability of the 10% inclusion metal nodes was an order of

4.15



L

bl
e b
L~
M~
Srcigerer

£5~,

DOE/RL-93-45

Draft A
24 4 —®— 10% inclusions 1*/hr melt rate
a—g— 1%, inclusions Random distribution #2
- j Staiic Head of Meit
22 -
=
2
~ 20 -
:
3
®
H 18 ~ ﬂ
-
u _
16 - \
14 B T ¥ T '  S— T v T v
20 40 60 80 100 120 140
e Time (hoursj

- Figure 4.5 -Pressure History Beneath the ISV Melt with Random Waste Distribution #2

magnitude greater than the 1% inclusion metal nodes, so the local pressures required to produce a
given mass flowrate are reduced.

From these runs, it is apparent that the pyrolyzing gases do effect the pressure beneath the
meit, bui not strongiy. The two methods for modeling the pyrolysis process gave similar results,
with the worst case model predicting a higher pressure. The restrictions caused by metal loadings
may have as great an impact as the pyrolyzing waste, especially if they form impermeable
containment 1o pyrolyzing material.

It is important to note that these simulations assumed a constant melt progression rate of 17
per hour based on past pilot scale ISV expenience. Ii this possible that the high loading of
combustible material for this project would increase the melt progression rate, leading to an
increased rate of pyrolysis gas generation.

~ This modeling work is preliminary and is only intended to suggest the effects of different

. loading conditions. It is hoped that data will be collected during the demonstration that can be used
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t0 adjust and partially validate the model for further predictions. The TOUGH2 computer code will

- be used to investigate the application of ISV for processing the simulated waste for this

s&b& L= 2.

- demonstration. The simulated waste will contain high loadings of solid, compressible waste

material, typical of landfills and solid waste trenches. TOUGH?2 is an unsaturated groundwater
modeling code, capable of treating non-isothermal problems, that predicts pressures undemneath the
ISV melt (Roberts, Strachan, and Luey 1993). Specifically, TOUGH2 simulations predict
whether significant pressure will build beneath an ISV melt. If pressure exceeds the static head,
then the displacement of molten soil, due to large, 1 to 2 m diameter gas bubbles rising up through
the ISV mel, is possible during processing of combustible waste-loaded sites. These simulations

--include-a moving melt front-and simple-pyrolysis models and predicts how the gas pressure in the

soil below the melt is affected by melt progression rate, soil permeability, combustible and
impermeable material loading.
4.10 ADDITION OF A SOIL BERM INSIDE HOOD

The addition of a soil berm around the inside perimeter of the off-gas hood could subdue °
the effects of a molten soil displacement. The presence of the berm would control the molten soil

-overflow so that it would not damage the off-gas hood or pose a risk to site personnel.

4.11 CAMERA

A video camera will be used to observe general conditions inside the off-gas hood. This
reduces the frequency that personnel need to enter the control zone and therefore reduces the
chances for injury. The video camera will be used to alert operators of the potential for a molten
soil event or an outward growth of the melt during the ISV demonstration. )

4.12 BENCH-SCALE TESTING
- Bench-scale ISV iesiing was performed to provide a better understanding of the fate of

aluminum in an ISV melt and on the affect of aluminum on the ISV process.

- Two sets of experiments-were performed 1o investigate the influence of aluminum on the

- ISV process. - The first was a set of crucible melts that were performed to-determine the bulk affect

on the final ISV product (i.e., the final glass and crystalline product). These crucible tests

--¢ontained varying mixtures of aluminum metal; soil, stainless steel, and paper. The ranges of

compositions were 10 wt% stainiess steel, 10-30 wt% paper, 10-30 wt% aluminum, and 30-50

- wt% soil. Tests with re‘..u"..ly large pieces of aluminum (approximately 0.5-cm on a side) showed
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the aluminum sitting on the top of the final product, while tests with aluminum shavings showed a
more uniform distribution of material. These latter tests produced a final product more consistent
with typical Hanford soil crucible melts.
Based on the results from the crucible melts, a bench-scale ISV test was performed to

evaluate the effect of aluminum on the ISV process. The key parameter of interest during the
sench-scale test was the performance of the electrical system during processing. Simulated waste

velicni-3caic

- used for bench-scale iesting consisted of 10 wt% paper, 10 wt% stainless steel, 50 wt% soil, and
. 30 wt% aluminum. This material filled a zone that was approximately 36 cm in height. Testing

was run for approximately 8 hours at an average power level of 7 kW and was terminated when the
melt was half-way into the simulated waste zone (this was done to observe the thermal effects on
‘the unprocessed waste). The presence of a high aluminum and metal loading did not have an
apparent adverse affect on the ISV process. Based on the electrical performance of the process,
and the observatons on the bench-scale block, it is not anticipated that high aluminum loadings
will adversely affect the ISV process during pilot-scale testing.

4.13 ENGINEERING CALCULATIONS
4.13.1 High Heat Load and Loss of Hood Vacuum

~——----Engineering-caleulations-were-done to deiermine what the heat load and pressure of the off-

gas hood would be during the melting process. Calculation number 100AREA-93-10, which is
atiached, incorporates all of the preliminary calculations and uses a software program called Hi-Q
(Bimillennium Corp., Los Gatos, California) to calculate the hood temperature and pressure as a
function of time. Calculation number 100AREA-93-06 (also attached) adds a water spray to the
system to see if that will combat the high temperature and pressure spikes that occur as a result of
combustion. '

Figure 4.6 shows the off-gas hood during ISV operation as the control volume for
determining the non-steady state mass and energy balances. The assumptions made to perform the
caiculations are as follows: 1) all gases behave as ideal gases, 2) the air inlet behaves like flow
through an orifice, 3) the air inlet is the only source of air entering the hood and the only other exit
when the hood pressure (Py) is greater than the ambient pressure {Pa) , 4) the hood contents are
predominately O, and N3 (air), 5) the off-gas outlet contains all of N (the molar flow rate of the
base melt gas - H;O) with the difference being air, 6) the enthalpy of the base melt gas is a linear

4.18



DOE/RL-93-45

Draft A
QHood (to surroundings)
Air Inlet Off-Gas Outlet
fg, H Off-Gas Hood >
v as s, Ho
Water Spray- iy Hy
fy, Hy,
3~
& ' hood)
£ . t
" s Hpy n., He Qmele (10
Base Melt Combustion
FIGURE 4.6. Flow Diagram of the ISV Melt

function between 373 K and 1473 K, 7) all of the organic matter in the melt zone (cellulose) is
combusted in the off-gas hood, 8) the melt shape is cylindrical and combustible materials are
relative to the overall system, 10) all water added for the water spray is at 25 °C and all of it is
removed from the plenum via the off-gas treatment system, 11) the heat ransfer from the off-gas
hood to the surroundings results from free convection (no wind) and radiation only, and 12) the

- - - heat-transfer from-the melt to-the hood equals the heat ransfer from the hood to the surroundings at
573 K and is constant.

The Hi-Q function ‘OdeIvpRKF’ was used to simultaneously solve the mass and energy
balances. This function solves a system of nt-order differential equations subject to some initial
__conditions and uses an implementation of the Runge-Kutta formulas developed by E. Fehlberg in
1970. Without the water spray system, it is estimated that the temperature in the off-gas plenum
has the potential to increase to 785°C due to combustion of organics in the off-gas hood. The
pressure in the off-gas hood, however, did not become positive. For runs with the water spray
__system, the calculations indicate that a set point plenum temperature can be maintained (675°C for
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e mee oo Caloulation 100AREA-93-06). Again, the pressure in the hood was shown (o remain negative
—— relative to-the ambient surroundings.

Once the hood temperatures and pressures were estimated with and without a water spray
system (100AREA-93-06 and 100AREA-93-10, respectively), a calculation was performed to
determine if the external devices located near the off-gas hood (i.e., electrical cables, pneumatic
hoses, fibergrate platform, and steps) were in any danger from excessive heat (100AREA-93-07).
Based on this analysis, the existing placement of the exterior devices located near the off-gas hood

e —1s sufficient to prevent these devices from experiencing significant temperatures.

% 4.13.2  Aluminum Oxidation

oy

Y Calculation number 100AREA-93-05 (attached) predicts the fate of aluminum in the melt

o4 based on the standard free energy of formation of oxides as a function of temperature. The

il estimated meit properties were then used to predict the physical properties of the melt by employing
- B~ amodel based on the Hanford Waste Viification Plant (HWVP) glass.

The possibility of a thermite reaction occurring when the aluminum oxidized to alumina
was also reviewed. A library search was conducted to determine the conditions required for a
thermite reaction and these required conditions were compared to those that will be available during
the 100 Area pilot-scale ISV demonstration.

Thermite is a mixture of powdered iron (III) oxide (Fe,O3) and powdered or granular
aluminum, The aluminum has a higher affinity for O than iron, and if a mixture of iron oxide and
aluminum powder is raised to the combustion temperature of aluminum an intense reaction occurs:

Fe 05 + 2A1 ------- > Al203 + 2Fe + 824 kJ

Under favorable conditions this thermite reaction produces temperatures of about 2,700 °C. This is
high enough to turn the newly formed metallic iron into a white-hot liquid that acts as a hear
reservoir to prolong and spread the heat (igniting action). Thermite is composed of approximately
"73% ferric oxide and 27% fine granular ajluminum.

Several factors affect the occurrence of a thermite reaction. For instance, the partcle size of
the oxide and especially the aluminum can affect the rate of reaction. The physical form of the
reactants are important because the surface/weight ratio and the free-running characteristics of the
particles assist steady and even combustion when the mass is reacting. Under ideal conditions, the
aluminum and iron oxide exist as fine powders. Another important factor that affects the
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occurrence of a thermite reaction is the composition of the waste prior to heating. Additions to the
mix can absorb heat during the reaction and therefore prevent the high temperatures that can occur
when just aluminum and iron oxide are present (Encyclopedia of Chemical Technology, Thorpe’s
Dictionary of Applied Chemistry).

The conditions that will exist during the 100 Area ISV pilot-scale demonstration do not
warrant a thermite reaction. The aluminum will not be in the form of a fine granular powder and
there are many othér constituents in the simulated waste that will act as heat absorbers to keep any

reactions occurring under control.

4.13.3 High CO Levels

Engineering calculation 100AREA-93-12 estimates a maximum steady-state CO
concentration level of 9.0% (90,000 ppm). This maximum is based on the assumption that all of
-the.combustible material present in the virrification zone is converted to CO once in the off-gas
hood. Using results from the 1990 large-scale treatability test at the 116-B-6A Crib (Luey et al.
1992b), a calculation to estimate the combustion efficiency of the ISV process was performed.
This analysis (100AREA-93-13) predicted a maximum CO concentration for the large-scale test of
2.5% (25,000 ppm). The average CO levels measured during the large-scale test was 0.2% (2000
ppm). This indicates that the ISV process converted 92% of the available carbon to a form other
than CO, or that 8% of the maximum CO concentration was observed in the off-gas stack. Using

T HE TS

—-an-8%-conversion factor; it is estimated that the levels of CO that will be obsetved during the 100

Area demonstration will be 0.72% (7200 ppm).
4.13.4 Formation of H, )

As discussed previously, there exists the possibility that steam in the off-gas hood (either
from the meit or from the water spray) will convert some of the CO produced from combustion to

CO; and H; gas per the “water gas shift reaction”:
CO(g) + HyO(g) -------> COx(g) + Ha(g) (T =250°C, iron oxide catalyst)
The concem is the low LEL of Hj (4%) and the high explosive energy of Ha.

The maximum CO concentration of 9% and the expected concentration of 0.72% were used
in calculation 100AREA-93-14 to estimate the amount of Hj that could be produced during this

demonstration. Using an equilibrium relationship identified by Moe (1962), H, concentrations
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were estimated at 200°C and 350°C. At these temperatures, the reaction is favorable and goes to
completion with CO the limiting reactant. Therefore, a maximum H; concentration would be 9%
with a lower value of 0.72%. It should be noted that this reaction requires an iron catalyst to
produce such a favorable conversion to products. Based on the fact that the ISV system does not
contain iron suitable for a catalyst, and the expected combustion efficiency for the conversion of
material to CO, it is not anticipated that the LEL for H, would be approached for this

demonstration.
4.14  SIZE OF HOOD MUCH LARGER THAN SIZE OF TRENCH
o
o Figure 4.7 illustrates that the dimensions of the base of the pilot-scale off-gas hood is

e greater than the design of the trench to be used during the demonstration and greater than the
dimensions of the projected ISV melt. This control measure alleviates some of the concern of

’f”" outward growth of the melt beyond the boundaries of the off-gas hood and also alleviates concerns
& of underground fires extending beyond the boundaries of the off-gas hood. The projected melt

shape is based on the results from the ISV computational model and may be a conservative estimate
since the ISV model is performed with the assumption of a homogeneous soil site.

4,15 SOIL PRESSURE MEASUREMENTS

The pressure in the soil column and simulated waste will be measured via pressure sensors
connected to sampling points by teflon tubing. Pressure data will be initially collected at a nominal
rate of once every 30 seconds. This data will be used as an indicator of the gas behavior beneath,

- - -and surrounding; the-ISV melt.. -If the soil pressure trends oward the siatic hiead of the melt,
operators will be alerted that a molten soil displacement event may be possible and they can begin
to reduce the power in order to combat this event.
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Figure 4.7. Projected Melt Shape Relative to Pilot-Scale Off-Gas Hood
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50 IMPLEMENTATION

.. This section describes when each mitigator needs to be implemented and how they should
be implemented in order to control and/or prevent each of the test specific potential events. Some
mitigators will be implemented on a continuous basis during the demonstration. These mitigators
inciude the controi zone, monitoring, the passive hood vent, and the use of a camera.
5.1 HIGHHEATLOAD

During the pilot-scale demonstration, if the hood temperature is trending upwards and a

% temperature above 425 °C is reached, the water spray systemn will be implemented. As previously
rm: described, the water spray will remove energy from the gases in the off-gas hood by evaporative
Ny cooling, thus mitigating the high heat load. If the water spray system is unsuccessful, then power
=

i 5

will be reduced.
5.2  ELECTRICAL SHORTING IN MELT

The criteria and procedures for dealing with an electrical shorting situation are discussed in
the SOP for the pilot-scale ISV equipment and will not be discussed further in this analysis.

5.3 LOSS OF HOOD VACUUM

The inclusion of a passive hood vent will be arranged prior to the start-up of the pilot-scale
demonstration to aid in preventing the hood from becoming overly pressurized. This passive
system will be in place the entire demonstration. In addition to this passive vent, a seal pot vent
system also exists on the off-gas hood. This will allow for controlled in-leakage during normal
operations and also allows for passive venting during pressurizations.

iy g
1
r

During the pilot-scale demonstration, if the passive hood vent is not sufficient and the hood
pressure increases to 2.5 cm W.C. (the design limit for the hood is 12.7 cm. W.C.), then the water
__spray system will be implemented. As previously described, the water spray will remove energy
from the gases in the off-gas hood by evaporative cooling, thus mitigating the pressure increases
associated with transient gas releases from the ISV melt upon combustion. If the water spray is
insufficient and the pressure in the off-gas hood increases to a value greater than 2.5 cm W.C,,
then the back-up blower system for the pilot-scale unit will be employed (see the SOP for the pilot-
scale ISV equipment for a description of the back-up blower system). A set point of 4 cm W.C.
will be used as a trigger for the back-up blower. If the hood continues to increase with both the
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water spray and back-up blower systems actuated, then the hood pressurization will be combated
by slowing down the rate of gas and heat evolution from the ISV melt with a reduction in power.
5.4  HIGH CO/CO2 EMISSIONS

Ambient and stack CO and CO; concentrations will be monitored using infrared equipment.

The frequency of these measurements will be between 1 s and 10 minutes, If the concentrations
are found to exceed the ACGIH limits (Table 4.2) or 10% of the LEL, the melt rate will be slowed
by reducing the power until the stack conditions decrease and warrant the use of full power again.

~ This procedure was successfully demonstrated during the large-scale operations at the 116-B-6A

Crib (Luey et al. 1992).
5.5 OUTWARD MELT GROWTH

The best mitigator for the prevention of an outward growth of melt, is the design of the
waste simulation and off-gas hood prior to the pilot-scale test. A random placement of the
simulated waste will hopefully prevent preferential outward growth of the melt. In addition, a

- ~-control zone around the pilot-scale test siie will help prevent injuries to site personnel in the event

of significant outward growth of the ISV melt by establishing a "safe distance” from the ISV off-
gas hood.
During the pilot-scale demonstration, the molten zone will be monitored with type K and

~-type-C thermecouples every 1 - 30-minutes in-order to- detect any outward growth of melt. In

addition, the use of the video camera can also alert operators that the melt is growing outward.

5.6 UNDERGROUND FIRES

During the pilot-scale demonstration, the path of advancing melt front will be monitored
with type K and type C thermocouples every 1 - 30 minutes in order to detect any underground

. fires. Since the off-gas hood will be much larger than the trench, any underground fires that occur

“will not propagaie beyond the boundaries of the hood and therefore should pose no danger.
5.7 MOLTEN SOIL DISPLACEMENT

The primary indication of the potential for a molten soil event will be the pressure
measurements from the vitrification zone. If the pressure beneath and/or surrounding the ISV melt
being to trend upwards and approach the static head of the molten glass, then power will be
reduced i0-siow down the raie at which gases are generated in the vitrification zone. The addition

5.2
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of a soil berm around the inside perimeter of the pilot-scale off-gas hood and the use of the control
zone will help prevent injuries to site personnel in the event of a moiten soil displacement. The use
of a video camera during the ISV melt will also assist operators by allowing characterization of the

melt surface during processing.

5.3
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nc = 0.14.rev 1

ime Th Nh Ph Na
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— ol ——300.8[ . 369.4 101.3246 0.20
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1) T3 304 012023 153

[} a3 Ky 1o 01,2023 3
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ATTPECHAENT

=

nc = 4.0 (Th = 675K)

[OORL A5 7 0k

Tiume Th Nh Ph Na
0 3730 383.0 100.6292 — 7193
1. 383.2 376.7 —101.3248 0.14
i 350.3 369.4 T01.3246 0.20
. 3 — 3083 382.0 01,3244 074
4 00K 33543 1013242 028
3 614, 3371.6 —101.3238 B X
[ 622.4 3304 T01.3234 —0.18
7 §30.7 333.3 101.3230 0.42
3 639.2 328.3 1013223 .47
) 718 319.2 TO1.3220 0.52
10 836.6 3123 T01.3214 0.37
11 —863.6 3053 TO1.3207 0.62
12 874.7 394, 1013200 0.67
3 875.3 3973 T01.2188 T.10
i3 8739 371 T01.2186 3.1
13 6763 396.7 T01.2184 3.1
16 &T10 396.3 T01.2182 .11
17 87713 4939 [OL.2Z179 111
I 678.1 305.9 1012177 3,12
19 618.6 4952 [01.2175 3.2
20 679.1 394.3 T01.2173( 3.12
21 679.] 933 1012171 3.13
2 %80.2 393.0 T01.2168 3.13
k] 630.7 3938 T01.2188 3.13
73 312 493.3 101.2164 3.14
73 831.7 3529 TO1.2182 1.1
26 (3.7 392.35 101.2160 3.13
27 882.1 452.1 T01.2138 303
28 &83.2 4913 101.2138 3.13
79 883.7 3913 T01.2134 3.13
70 r3: 23] 4971 101.2152 3.13
3 0847 350.7 T0T.2130 3.10
32 5852 3504 [01.2148 1.16
33 %83.7 350.0 T01.2148 1.18
i} = 636.2 389, 012143 117
13 586, 389 o1 2132 3.17
36 687.1 —489.0 [01.2140 .17
k¥ B81.0 333.5] ~101.2138 117
33 538.] 3833 TOT.2136 3.8
39 683.0 483.0 01214 3.18
40| " 639.0( 487.7 012132 318
37 8395 4873 TOT2T30 310
42 639.9 —487.01 3.19
33 850.4 388.7 TOT.2128 3.19
7.3 650.3 4884 12123 1.19
43 891.3 7 S [ | 4 vk 1.20
35 8oL.7 483.7 TO1.2121 320
Z7 8Y22 3334 1012119 3201
48 V2.8 “383.1 1012117 320|
49 893.0 — 4548 [OT2T13 121
50 8935 r§:F} ToT 2114 321
31 693.9 3832 10} el § b 121
32 - Dok, — § g K —_10LAT10 321
33 {7 ) — 483.6] g fiv]
34 8932 33331 1012107 322
35 893.5 483, TOT2105 .22
36 %56.0 — 4827 1012103 " 322
37 806.3 3823 TOT.ZI01 323
38 806.3 332721 012059 123
- 39 r.Cp vl 3819 T01.2098 3.23
&0 &y71.6 313 012096 kit




ATTACAHIENT F

nw = 4.25 (Th = 675K)

Time Th Nh Ph Na
3.0 383.0 10068297
kA S76.7 107.32438
350.5 3694 01,3745
3983 3620 101.3244
6063 5548 01,3242
“814.]3 3547.6 101.3238
823 340, TOI324
630. 533.3 101.3230
8392 3263 101.3273
8473 319.2 1013720
630.0 312.3 013214
663.8 303. 1013207
Y7 %i “498.3 1013200
8130 577 101.2090
8735.0 av7.7 101.2083
8130 4977 101.2033
673.0 337, T01.2083
473.1 97,7 101.2083
~ 8751 a597.1 101.2033
873.1 577 1012083
873.1 4977 TOT.2082
§73.1 3977 TOT.2082
8735.1 3577 T 2082
87351 _497.7 101.2082 ;
873.1 3377 101.2082 3.
373.1 39756 1012082 3.
613.1 497.8 101.2082 5.2
3352 4978 1012082 3.3
87132 3978 101 3.
5132 4975 T01. 323
67132 3078 101 3
87132 d9738 1012082 3
81352 497.6 TOT 2082 ke
6132 397.6 [012082 3.23
813.2 4978 101.2082 3
G13.2 4973 101.2082 3
87152 497.5 1 3
31353 3978 10T 2082 3
6/53 4¥1.h 1012082 -3
87133 4973 [01 2082 k]
673 4973 10T 2083 3.3
6733 973 10T 2082 k]
8753 573 10T 2082 3
8733 3973 101.2052] 1.23
(15K 973 1012087 -3
a/5.] 4975 101 2081 323
8139 3973 101 2082 323
8733 4973 1012082 3123
/5.4 3y¥7 5 10T 2081 325
8154l . 4973 1012081 3.
— 6134 4973 1012081 3.25
8133 1012081 3
Ry L . __ 4973 101 Z08T 3.9
0/9.4 4973 101.2081 J.
873.3 573 TOT 2081 323
3753 773 10T. 2081 ki
(AR 3073 ~ IO 208 3.23
6733 1573 TOT 2081 3.
8754 4973 ~T0T.2081 3.23
673.3 4973 TOT 08T B
&735.q a7 TOT 08T 1.
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00001 project ivpEqns0O, initx, ivpMatrix0:

00002
00003 local start, finish, stepSize, relError, absError:

00004 start = 0;

00095 finish = &0;
00006 stepSize = 1;
00007 relError = l.a-6;

00008 absError = 1,e-6;

00009
00010

00011 Function ivpEgnsO(t, x)
00012

00013 nm = 1.653;
00014 nc = 0.14;
30015 ng = 9.3:
00018 vh = 27.86;
QO0L7 mw = 29;
00018 pa = 101.325;
00019 R = 8,31l4e-3;
00020 Ta = 298;
00021 Tr = 298;
00022 cp = 0.0296;
00023 Hc = 3012;
00024 Tm = 1473;

00025 namin = 47.6*n¢;
00025 cpc = 0.4798;

00Qz7
00026 ph = x{2]*R*x(1]/vh;
00029

00030 a = (n0-nm) / (0.9541*mw);
00031 b = (0.3125*ph/pa + 0.6875) * (pa*mw/R/Ta*(pa-ph))~0.5:

00032 ¢ = (0.3125*pa/ph + 0,.6875) * (x(2]*mw/vh*(ph-pa))~0.5:;
00033 d = nm + nc - n0;

00034
00035 // =x([1) is Th, x[2]) is nh.

0003s
gggg; e = nm*(0.0417*Tm + 32.6) - {(n0-nm)*cp*(x[1]-Tx) =~ nm*(0.0417*x[1] + 3:

Wi

00039 L# (x(1]>675) then

090440

00041 nw = 4,25;

00042 Hw = nw* (~0.0417*x(1l] -~ 30.7}):
00043

00044 ealse
Q0045

T o= Q0045 nw = 0;
00047 Bw = 0;

QQo48

00049 and 1£;

70050

00051 if (ph<pa} then
20052

00053 na = a*h;

Q0054

00055 alse

00056

Q0057 na = =a*e;

Q0gsa



00059 end if;
00080

00061 if (na>namin}) then

00062

00063 ncHc = nc*He,

00064

00065 else

20066

00067 ncHc = nc*He*na/namin + (1 - na/namin)*nc*cpe*(Tm - x(1]):
o[o13:} )
00069 end if;

Q0070

00071 L£ (ph<pa) then

00072

00073 dxdt(l] = (cp* (Tr-x(1])*(a*b+d)+a*brcp*(Ta-Tr) + & + ricHc + Hwj/cp/x[2]
00074 dxde{2] = a*b + d + aw;

20075

00076 else

00077

00078 dxdt([l] = (cp*{Tr-x[(l])*(-arc+d) - a*c*cp*(x(l]~-Tr) + e + Hw + nc*{cpc’

00079 dxdt(2) = -a*c + d + nw;
00080

00081 end if;

Q0082

00083 return dxdt;

00084 end function:

00085 :

00086 {ivpMatrix0, ivpVector(, finalAbserr(] = QOdeIvpRXF (lvpEgnsO, initx, start
Qo087

QoQses
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Heat Transfer Effects for
Intermediate-Scale ISV Stainless Steei Hood at INEL
Calculation no. 89-024-TC-01

J. 8. Tixier, Jr.
May 10, 1990

' PROBLEM: Determine whether or not the heat transfer from the new
stainless stesl hood poses a danger to the externai devices

located nearby (i. e., electricai cables, pneumatic hoses,

fibergrate platform and steps.)

SOLUTION
CONTENTS: :
T 1) Hood Configuration—and Surface Area Calculations
2) Convection Heat Transfer h

a) Horizontal Top

b) Estimate Minimum Distance fram Top

c) Inclined Sides
d) Boundary Layer (Minimum Djstance from Slde)

). Radiation Heat Transfer

-l Aaw

a} Totai
b} To Cables and Hoses
) M;mmum Allowable Distance from Side

. 8) Fleference o
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5) SUMMARY AND CONCLUSJONS
a) Pertaining to the Equipment Configuration on the Side of the Hood:

In actuality, the cables and hoses and fiberglass steps will be
located at least 8 inches away from the surface of the hood.
The analytical results show that this distance lies well
outside of the free convection boundary - fayer and is also free
—————————— from ~dangerous thermal radiation effects:-The lowest
fiberglass step is located at least 4 inches from the hood
surface at its closest point with subsequent steps
‘increasingiy further away until the top step is at least 8
- inches away at its closest point. Therefore, the steps are aiso
outside the boundary layer. Furthermore, considering the
conservative assumptions (no wind, high ambient
- - temperature}, when thess conditions--are relaxed it will serve
to further lessen the heat transfer from the cab!es and hoses
to the hood. ,

b) Pertammg to the Eqmpment Configuration on the Top of the Hood 77:'. ,
-d '\-& - P
Consndenng that the canvectian heat transfer from the top of .. 4

_the hood is merely 10.3% aof the total canvection ‘heat Mnsfer
.- :.-and the radiation heat transfer from the top merely 12.2% of i
LT L the totaf radiation heat transfer; that the fi bergrate is rcmtecf
"__on thetop "at least 2 inches from the surface’ of the haod and
{the cables and hoses lie on top or above the fibergiate; that

the effectw&a:ga of the hases jmd cables is small‘ compared |

LA}

A
A
by
P
i

~ _and hoses as well as the grid pattern contnbutmg to free wu

~ convection cooling of iiself; and that all assumptions. have '’
~_ been very conservative; it is concluded that the cables, hoses |
~ and fibergrate on top are in no thermal danger as currenﬂy """
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=== -5y Summary and Conclusions - CONTINUED

¢) Heat Transfer from the Equipment Itseif:

These calculations show that the hoses, cables and fibergrate
are safe from dangerous thermal effects of heat transfer from
the hood, even under conservative assumptions. An even more

. corservative situation is that heat transfer from the -
equipment itself has been assumed to b& zero which, of course,
's not true. These thermal effects are even lower in actuality
than shown here.
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Rate equatmns a.nd fa.ctors tha.t a.ffect R %f beations by

_ this important industrial reaction are
glven here to a.ssxst the de:ngner. S

y - LT ST A;;;."__._ e FTE R
“Tix warencas smrr azacmon is “iables muntued is a2 pnchmfﬁe-

-+ widely used for the manufectwe of cessity.  .=- Ll iITINT
hymgea;mgrkh spite of the .. Pﬂcumlly all mmermﬂy “avail-
__.mmmnceofthnmthemhu able shift camlysis are manufsctured: |
" been relatively little published con-  from iron oxides and contain 3-15% - : R
ceming the design of shift reactors. *Cr.QO, as a promoter. The discussion Th’ rate eqwmbrmm-
. tnduserial shift reacticns are carried.  herein applies to-this type oiatalvst. chier (I) appears most frequently in.
= out at pressures mgmg&omahnos— P R - the literature. This rate equatiana.s—
% pheric pressure to about 300 lb./sqin. ! Rate equatlons W= w70 707 sumes the reacton is Srst order with
=.. 3uge. The composition of the water _ -~ The shift feaction is represented respect to displacement of CO fom ~
+. 233 mav range from 80% CO to less stomhwmmelﬂva Eoilows : its equilibrium concentration. The in- =
- thin 3% CO. Because of the wide - - CO -+ H,0 == CO, + H, tegrated form of this equadon for 3 .7 .
: Wonmgucomponhnnmdpmc- Theextentmwhmhthemcuonpro- hw‘em‘” . R
“ESing conditions, i~ rats equation  ceeds i3 limited by thermodynamic- e= sVl .
valid” throughout the rangs of the var- equilibrium. Accurate thermodvnamic 308 w
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written:

ipcreasa In Activity

wihere:

sV = Vol. of inlet drv gas and steam
w« lhoucHCatalvst Volume)

2= CO converted.
x, =CO converted ac equilibrium.
& = Rate constant {ng2umed ta be of

the Arrhenius form).

inaccuracies were noted

A nomber of inaceu
when using this equation, so a series
of experiments were carried out o re-
evaiuate the rate equation. The ex-
perimental procedure was essentiallv
as described in a previous publication
from this laboratory (2), aithough a
larger reactor was used. Some of the
results are shown in Table 1. It is
apparenc that the rate constant of
Equation 1 varies with the steam to
gas ratio.

Another rate equation was devel-
oped bv assuming the reaction rate
is proportional to the displacement of
the gas composition from its thermo-
dvwnamic equilibrium value. The equa-
tion for the reaction rate is, therefore,

r:k(ab--cﬁ) (2

X
where:

a,b= Cancentration of reactants,
¢,d = Concentration of products.
&= Thermodynamic aquilibrium
- - constaal, o - -
& = Reaction rate constant.

Let A,B and C.D be the initial con-
centration of reactants and products
{in molar units), and t be the conver-
sion. Then, Equation 2 can be written:

p_ o L C=D(D )]
- = ay ‘.( .1

——
——

_i
=7

This squation for ~ is substituted into
the following:

1 f’dx
— ——
S5v M, r -

Tanle 1. Experimantal data for determining rate constant from Equation 1.
Calcutated rate constants using Squation 4 are given aiso. See note*” belaw

for details,

STEAM-CAS *[NLET co, TEMPERATURE, FmstonrDER Eq. 1
RATIO % OF DAY GAS 'F RATE CONSTANT RATE CONSTANT
a4 26.3 600 1655 3300
1.91 26.0 600 1310 3130

- 1.16 28.0 600 790 4710
3.63 23.1 630 2430 7110
I.H 23.2 6830 2010 77320

L9321 al.4 630 1780 8410
2.28 25.0 730 4870 12300
1.96 21.3 730 4330 13800
1.10 221 T30 3720 139C0
1.78 il.7 730 3300 . 14200 N
1.39 52.9 T30 1800 13800
l. 32.4 T30 3420 13000

*Balance of dry gar was hydrogen.

**The catalvst size was Z-in. diameter x
Y%-in. long tblets in ail tests. The reaction
rate has the units of: cubic feet of gas
converted per hour per cubic foot of cat-
alyst. The perfect gas law was assumed,

.

and engineering units used. The space

" lntegration performed at coastant
temperanire cesuits in the followiag:

k_X m[z::-x-u--;":i'
3V v-=¢ _wa-u.-‘n-q',
v
- [T ]} (4)
where:
w=k -1

u=2K(A -8~ (C=D)
Yy—q®mJut - dwv
v =K (A8) - (CD}

At thermodynamic equilibrium,

2aox=su =g ——

Variation of rate constants

The values of the rate constants
calcuiated from Equation 4 are listed
in Table 1. The correlation is good
and within the limits of accuracy im-
posed by the experiments.

e

~ tomary and convenient to cosrelate

velocity in Equations ! and 4 is, there- =
fore, referted to 60°F and 1 atm. The '
rate constant of Equation 4, from the i
above data, is given by the reiation: -
-k = exp. —17,500/RT +16.38. =
=X
=
ey

The rate constants of Equations 1 -~
and 2 have different umits: for Equa-
tion I the units are (Hme)-!, while .-:
the units are (volume) (time)-*
{mols)* for Equadon 2. It is cus-

I
e
] b
’ tl‘a!};l,':llr

al

the results with space velocitv, which 375
has the units of (hours)-*. Thus, the =
numerical values for the rate constants -~
used herein have been adjusted to
define space velocitv. In using Equa- .-
Hon 1, anv set of consistent units mav
be used for x and r,. For. Equation 2, T
however, the sum of the iniet gas
concentration must be 1.0 to be con-
sistent with the numerical vaiues of '-:..
the rate constant. . K
The rate constants of Equations 1 “1:25
and 2 are related to temperature bv . T
an equation of the Arrhenius form

k = Qexp.(E/RT)

where @ is 2 constant characteristic )
of the particuiar catalvst and E is %%
the energy of activation. It has been &
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< _ per Equation 3) that is. 10% less than
’ T the mats o

]

% - 2 value corresponding to the arith- Fv-..
—— -metical-average of the inlet and out- Z I

found that all iron-base shift catalvsts
tested have essentally the same value
of E, although the linear multiplier,

, may be quite different. Using
1.987 for the gas coustant and tem-
peratures in degrees Rankine, the
value of E in the Equation 2 rate
constant is —17,500 Btu/1b. mol. The
value of E_in the Equation 1 rate
coastant is —33,900. This latter num-
ber is, however, the valus obtained
bv dividing the Equaticn 2 rate con-
stant by the thermodynamic constant,
K. Thus, the Equation 1 rate constant
is actuslly a composite value of both
the rate constant and the thermody-
namic constants,

Adiabatic reactors

Equation 4 applies to an isothermal
reactor.”, Apalytical integration of

- Equagon 3 for an adiabatic reactor
is not ical, s0 recourse must be
made to graphical or approximate
methods. A good approximation is to
take for X (in Equation 4) a value
equivalent to the outlet temperature
of the reactor and to assume for %

;fi.f*,

s
o

I::_ilffwl

let tem tures, This ure leads
to Iowp';.:lam for theprocedm velocity
if the total temperature rise across
--— the reactor is greater than 100°F and
when at the same time the gas com-
osition approaches equilibrium at the
Eenctor ogget For these cases it is
best to subdivide the temperature
internal into two or three ncrements
and sum the values of 1/5V for s2ach

inersmene. . :
abatic reactor is given with sufficient
'»"..—'.. - he dmo 7relgﬁ°n_: o
mols CO converted = Co
[9_(steam./gas ratio — 7]at
6%

terpretation of the results. [t has been
- found that, at atmospheric pressure, -
- drical tablets have a rate constant {as

nstant of %in r 4-in,

ablets. At 450 |b./sqin. gauge, the
abserved rate constant of 3/8-in. tab-

—— lets iy 20-30% less than 1/4-in. tablets.
Using the concepts of Wheeler (3), it
appears that about 60% of the total
surtace area of a ¥%in. tablet is

T onmtrete

This relationship is based oo 100 mals™ ==~
~ of dry gas entering the.reactor. ...

PRETIC presy
3/8-in. diameter x 3/8-in. loog cylin- ~ B

available during the reaction.

A freshlv prepared shift catalyst
will have a surface area of 100 sq.
m./g., but after 30-100 hr. operation
at 730°F, .the surface area will be
approximately 30-530 sq.m./g. Catalyst
removed from commercial reactors af-
ter 12 months use may have a surface
area of less than 15 sq.m./g. The

" catalyst apparently sinters, thereby re.

sulting in a loss of surface area,
Hoogschagen and Zwietering (4) stud-
ied the sintering phenomena quand-
tatively and Eoumf that the decrease
in surtace area could be correlated by
the following equation:

1 1

= "'-A’_ga Kt exp(-E/RT) {5)

s . i S e

Lad .
; 2 s o T

where:

Ay = Original surface area.
.t = Time.
n= Experimentally determined con-
stant.

The constant, n, varies with the meth-
od of preparation and was reported
te he decreased by an increase in the
chromium content of the catalvst.
This observation suggests the chromia
serves to stabilize the surface area,
since chromia alone has very slight
activity for the shift reaction. s
The activity of the catalvst de- g
creases with decreasing surface area, :
although there appears to be no sim-
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%3 heen in
=] manufacturing, re-

] search and techni-

3 cal

‘Moe has

catalyst to tem-

derivative of » with ¢
perature. The result, which has been

pre\nouslv repocted by Denbigh (5},

surface area (4). It is likely that the reaction (-17,500),

:
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t
b
-
i ‘ service  work
) l A since gradfuca:ting is as follows:
Y from Univ. of Colo-
Py rado in 1950, He T; ~Tn = R InEE- (6)
0 ' ] has been with the TeTwm E-E,  "E
: | _ 34 Girdier Cataiysts de- 2
B partment of Chemie- . o -
: tren’s Chemical Products Division since  where:
; 1958.
i T, = Equilibrium temperature.
i T, = Temperature at which the
1 reaction rate is 3 maximum,
il ple relationship between activity and E=Energy of activation of the
|

]ogn k = 8.947 — 3830/°R

Th.ls givu the value at atmospheric
“‘pressure; the rate constant is multi-
T -phedbythamv:ryfamr&oml-“g-
H e TR 1 for higher presyures. Pressure

fects less than a 3% change in the
catalyst ‘voiume.
The stztemcnihzf the design re-
qu;mm:_ 8.2 inlet compo~
sition and the'gdmred convgmn. thus
.....:-.x.. cee to proceed directly to de-

'Hnatheopdmnm operating conditions.
:Because the shuft reaction is ex-

btk
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13 DR Cwrittem: S0 _
t o _ S T ! - T 'e =
S ., f‘ e [
.. - + -_—
d.r SV.doe i Ja 1
A Sl SN
;_ L where:- -

- %, = Coaversioa in the first bed.
- & = Total conversion.

Consider that z, is Sxed bv the state-
ment of the problem. It is required
vmmybemmzed.'rhncan to minimize the space velocity and, by

. v
R e
T
e a b ke

be aaswered by - taking the partial

'l( anpronmatelv 100 F less

. . observed activity decline is related in g _ £ = _(heatof reaction). This ma
+ o part to the availability of the surface ? be( taken as 16, 4)00 for thz
: a.rea. : water-gas reaction inthe re-
{ - The activity of freshly pr ared gion of TQ0*F. The value of
S shift catalyst undergoes a de- E, is, therefore, (-33,900).
P e chnedu.nngtheﬁ:st”-‘l—:..hr of
11 & op n. Thereafter, the mte of de-
15 becomes more gradual This gypstituting the appropriate numeri-
1] e characta‘:.suc of the catalyst compli- ca values into Equation §, it is found
R cates the selection of the rate coustant that the camlyst volume is minimized
i1 & which will be used for design pur- when Tm is approximatelv 100°F less
14 mei  poses. Lengthy ents and ex- than the equilibrium temperature.
e . perience derived from industrial re- However, an approach to equilibdum
1.;—;5‘_?»7 actars are -the best W.ldﬁ to deter- ¢ I_O-D‘Fgftenlmposgawkwa;dm.
Ha it :  mine the appmpnate rate constant. tagons upon the operating tempera-
Wgio o The manufacturer can usually ture, and it has been found entirely
] HE *-provida a value for the rate constant sa.t:stactory to design for a 30*F ap-
L = " which defines the activity of the cag-~ pmcn to ethbnum, The optimum
T ‘7""’__32{#8? after- extendsd cperafes.- - 3 st pw sharp. for most gas .
}} “The dﬁigﬂ. rate constaat Eor one compositions, gpeganv at tempera-
g;':_ . C commercullv available shift catalyst pres less than approximately 850°F
= ."._é (Girdler Catalysts' type G-34) is: Varying the approach to eq_mlibnum
L between 30°F to 100°F generally ei-

. gmazfortﬁovm:_ausﬂlusof:l.-‘
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P L

equating #{1/3V)/éx_ to zera, she fai-
lowing (s obtained:

r Y,

2ex))

(8)

Lot .
c“!(d-.r;“

l.(:)

Substituting into Zlquation 3 the appro-
priate equation for r yields

kh-.r\ tz.(l- ;’)

LYY

(9)

where:

= (C+x)(D+x)
A-m) (B=x)

The subscripts designate the bed in
the reactor. It should be noted that
this result applies to both adiabatic
and xsot.bermaf reactors.

It has been assumed that =, {s fixed,
so from the methods of the preceding -
discussion the approach to equilibrium,
and thus the outlet temperature, of
the second bed can thereby be deter-
mined. Fixing the second bed tem-
perature defines k, and X.. Equation
S may then be used to determine %,
and K, as a function of z,. If the frst
bed is to be optimized by the metheod
previously described, a ‘riai-and-error
solution of Equa.uon 9 can be usged o
find the unique value of x, which
makes the eqmvaient ..emoerature of
than the

\.i.ldl.l.

: wwwmﬂhﬁwﬁwn:*-w.l-»(.:-n)'.;-.l:J-l.'iid

-
T

gas temperature,
Figure"dlustratesthetvneofop-

timum that is obtained. The inlet gas

stream considered had the folluwmc

L
b AR,

f.
0

compasition: %
CO — 11.85 mols T

H. ~ T75.44 mols -

CO-_. ~  8.98 mois -‘_?

' H.O 125.0 mols s
Pressure is beric and the de—";;j;';'-;
gired conversion.is 10.8 mols of CO. - 72
The statement of the problem fxes - =3
the o g temperature of the sec- it
ond bed at §75°F. The operating tem-" _ | ==

of the Srst bed it shown in -:

' The author wishes tomresshu
t