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SUMMARY

This treatability study test plan will be used by Pacific Northwest Laboratory (PNL) to
direct pilot-scale testing of the in situ vitrification (ISV) technology. This treatability study will use
the pilot-scale ISV unit to demonstrate the ISV _ ocess as a physical stabilization technique for
retrieved buried waste. An engineered test site 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 stabilization technique, the pilot-scale demonstration will allow 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 full-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
X 1 100 of the = ifo " Site ™~ DE 1992). This treatability study is one of
many that is being perforn . as part of the "Develo, :nt and Screening of Alternatives" phase of
the feasibil , 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 technology into an overall remedial strategy for the 100 Area. Because this treatability test
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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 )0 Area. Originally 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
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
inclusions) (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 full-
scale operating costs.

1.2 LACKGROUND

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 ra Dpactive wastes associated with reactor operations (Miller and Wahlen 1987). From 1944
through 1973, the waste was buried in 28 locations which have been identified as burial grounds.
.uble 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
from Miller and Wahlen (1987)

Metallic and Other Waste (tons)

118-B-1

118-B-24
118-B-34
118-B44

Lead
30.0

135.2

Aluminum! Pb/Cd
201.2/8.4

Boron?  Mercury  Graphite  Other3

14

o 118-B-54 -

ey 118-B-6 18.0 25.0 - - 0.05 - 23

- 118-B-74 - - - -

. 118-C-1 238 94.8 105.9/44 12 - 0.56 211

s 118-C-23 - . . . - - -

1 118-D-16 - - - -

v 118-D-2 109.8 134.4 222494 14

118-D-3 23.8 97.0 137.7/57 1.0 - 0.06 181

s 118-D-46 - - - -
118-D-56 - - - - - - -
118-DR-16 - - - - -
118-F-1 23.8 1278 222494 13 - 0.07 247
118-F-27 - - - - - - -
118-F-37 - - - - - - -
118-F-47 - - - - - - 0.30
118-F-58 - - - - - - -
118-F-69 - - -
118-F-77 - - 148.3/6.2 - -
118-H-1 23.8 154.4/6.4
118-H-2 - - -
118-H-310 - - . - - . .
118-H4 - . .

118-H-510 - -
118 1 30.0 2 1

TOTALS 283.00 932.2

T 32 - to) 368
1059.0/44.011 10.52 1.05 1.1

lIncludes aluminum cans on Pb/Cd pieces, spacers, and aluminum contained in splines.
2Includes boron from splines, VSRs, and HCRs at 1.5% x total weight buried.
3Includes soft waste, desiccant, and miscellaneous materials.

4Included in 118-B-1 totz

SHot balls from ball sorting in 105-C.

6Divided betwe  118-D-2 and 118-D-3 totals.

Tincluded in 118-F-1 totals.

8Contained 3x10° fi3 of contaminated sawdust and other solids removed from dog kennels and animal pens.
9Contained 1x10° ft3 of contaminated solid waste such as animal carcasses.
10Included in 118-H-1 totals.

1 ncluded 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
(ORNL) and Idaho National Engineering Laboratory (INEL), show the ISV process has potential
applicability for remediating buried waste sites (Callow et al. 1991), remediating underground
storage tanks (Tixier et al. 1992), and enabling the placement of subsurface vitrified barriers and
engineered structures (Tixier et al. 1991).

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 cbntaminants
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%.

Inorganic contaminants for which the ISV process has been applied includes plutonium and
plutonium simulants, uranium, cesium, americium, strontium, lead, arsenic, and various other
heavy mer = T elt 1989 T uelt and Westsik 1988; Hansen 1991; © 1ey et al. 1992a; Spauldir ~ et
al. 1993). e re shov eil” excellent ionofthei _ 1iicn ‘er’ ’in the final
glass and cryste__.1e 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, sludge, 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.
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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. It employs 1) a 3,750-kVA 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
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 :avy metal contaminants or radionuclides within the vitrified
residual product (Buelt et al. 1987; Luey et al. 1992a). The current capabilities of the ISV
technology are summarized by Buelt and Thompson (1992). Although the 150 tests of the ISV
system represent a significant database, this particular demonstration will be the first application of
ISV to waste that contains aluminum and a high combustible loading.

23
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4.0 "VPERIMENT."~ DESIGN AND PARAMETERS

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
the off-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 (€.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 treatment 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. Characterization of the off-gas exhaust in terms of
temperature (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

t fit onto the graphite el tial uncontrolled
of | ; 2 » hood.
‘lemperatu " complete a d

energy balance on the ort-gas hood.

Graphite Electrodes - The graphite electrodes conduct electrical current to the advancing
ISV melt. The amount of power input into the ISV melt is controlled by adjusting the
amount of current or voltage added. Measurement of these parameters, as well as the
calculation of the electrical resistance of the zone being process ° is necessary to determine
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 treatment system for processing. Important parameters to evaluate

4.1
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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

1ll-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 shape of 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
=l collected during the demonstration. The instrumentation used for measuring the data collected
s from each of these elements is discussed in section 5.3 of this test plan.

f;{’gi il

4.2  MODEIL/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 m¢ ling
results is provided in the remainder of this section.

4.2.1 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 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.

4.2
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slight vacuum that is created by an induced draft blower. With a flow of between 10 and 15 cubic
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
tanks, each equipped with a pump and heat exchanger. The entire off-gas treatment system, 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 rc ted 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, displays, and files process-control informational data and characterization data at a
nominal 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, etc.

4.4  SATI 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 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

4.7
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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 ev: 1ated 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-s¢ *:
te engineering calculations, and soil pressure m :ments. Each event, the various
mitigating systt  ;tol used,a * he impleme: ion of these mitigating sy =~ ns are descrii  in
greater detail in Appendix A.

4.8
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5.0 SITELAYOUT

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
demonstration will use simulate waste material that is both compositionally and geometrically
similar to that to be retrieved from the 100 Area. Due to the wide variability anticipated for both
composition and geometry of the waste during retrieval operations, it is not possible to stage a
completely representative site for this ISV demonstration. However, it is possible to stage a site
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)

Description

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.

T ' ¥ ini

of n e

The majority of splines were about 1.3 cm wide, 0.2 cm thick,

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

..le 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
thickness of abou! .3 cm.

The reactor gunbarrels a  similar to a Schedule 40 ¢ »on steel
pipe and measure about 4.5 cm in diameter and .2 m 1n length.

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.

5.1
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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 e quality of the analytical data generated is known. The
SAP addresses collection, identification, and analysis of samples obtained from the test site,
I ore, during, and after the ISV demonstration. The types of samples to be collected include all
of the electronic data discussed in Sec n 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.

6.1
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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 fully achieve this
objective, 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
iis 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,
perforn  ce 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
accurate evaluation of the process application. Process data are recorded both on a computer data
acquisition system and manually by process operators at a frequency specified on the individual
data sheet.

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 supp« 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
identfication 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).

8.2
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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
conducte. Juring 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 fety Plan describes potential hazards, control measures for the potential hazards,

and the work safety plan.

9.1
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11.0 COMMUNITY RELATIONS

Commu ° y 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 demonstration performed which itlines 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 performe 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.

Introduction

1.1  Site Description

1.2 Waste Stream Desct  Hon

1.3  Remedial Technology Description

2. Conclusions and Recommendations
2.1  Conclusions
2.2  Recommendations
3. Treatability Study Approach
3.1 Test Objectives and Rationale
3.2  Experimental Design and Procedures
3.3  Equipment and Materials
3.4  Sampling and Analysis
3.5  Data Management
3.6 sviatrions from Test Plan
4. Results and ., issions
4.1 Analy andIn ation
4.2  Quality Assurance/Quality Cor >l
4.3  Costs/Schedule for Performing the Treatability Study
4.4  Key Contacts
References
Appendices
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2.0 NORMAL OPERATIN - 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) (Powe™
1993). The SOP includes start-up, operating, and shutdown instructions as well as a descrip n
of potential system failures, consequences, and required operator actions. These potential system
failures, while not standard, are antic ated 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
control instrument feedback signal loop, loss of heat exchanger cooling, high transformer
temperature, failure of the process off-gas heater, off-gas hood pressurization, low and high scrub
tank volumes, process piping leaks, HEPA filter system high pressure drop, equipment restart,
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.

2.1
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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
temperature spikes could be transient gas releases from sealed containers. The 100 Area pilot-scale
demonstration will not use sealed containers; however, the simulated waste will contain a much
higher combustible loading (12 wt%) than the IM __ tests. This increased plenum temperature may
increase the temperature of the off-gas hood skin and approach the steady-state design limit.

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. An increase in viscosity results in somewhat higher melt temperatures and longer melt

2s 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

t r R ¥ X
off ses 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

the 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 platform and steps). Non-smearable trace levels (0.04 puCi) 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 loading (= 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 elec  -al 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 1 : Vi__ M

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 demon ition will contain a much high > »ustible 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 CO/CO, 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 h*~4 co
levels could be exceeding the 40 . .« limit of ... 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
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
would increase the melt growth 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 used 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 seal 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 app :ations such as those
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
hoc  The former consequence is not an issue for the pilot-scale test since nonregulated,
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nonhazardous, and nonradioactive materials will be used for testing. 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 SOIL 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
drum, concrete wall, etc.), the gas generated can cause a significant increase in pressure below the
melt . When this pressure becomes greater than the static head of the melt, there is the possibility it
can rupture the sintered soil layer surrounding the melt and send one or more bubbles of gas into
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
displac  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
expulsion of molten soil onto the off-gas hood. It should be noted that the only true molten soil
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
_orporation 1993) and the ol  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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3.8 . INABILITY TO SUSTAIN THE MELT

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
arose 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 demon ition 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 wa : 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 Oj 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.

*~=--"-rsecor " ry consequence would be the formation of a fii * product that did not meet
test objectives. If the aluminum becomes an oxide at the expense of oxides ready present in an
ISV melt, there is the potential that the _..1al melt composition would not be conducive to a durable
glass and may not form a glass at all. The final product strength may also be compromised.

3.7
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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 loz 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 melt rate will be slowed 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 mode 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 vol._ : 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. 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 addition of liquid water, which
vaporizes, does not increase the hood pressure as may be expected because the decrease in off-gas
temperature resulting from the energy transfer is sufficient to 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 CO, and H; gas as per the “water gas shift reaction”:

CO(g) + H,O(g) ------- > COy(g) + Ha(g) (T =250°C, iron oxide ci  “yst)
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Engineering calculations 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 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-gas=< from entering the environment when a positive pressure event occurs. The vent will
~~nsist v. a flapper valve and HEPA filter housing. The flapper valve will allow flow out of the
I d 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
necessary.

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
‘ousw T omonT T T ipne s » ~ auseoftheh™ 1 “ustit”
loading in the simulated waste for this demonstration, there is the possibility that the .
concentrations could exceed safety limits. ..ble 2 shows the regulating limits that DOE must
follow for CO. These are listed in the “Threshold Limit Values for Chemical Substances and
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.
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TABLE 4.2. ACGIH Regulatory Limits for CO

PEL, a CL, b 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 concenti ions 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

c¢) 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

o without experiencing any irreversible health effects.

s 4.7 MONITOR MOLTEN ZONE

By 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
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 ¢ putational dels w__ used nate paramet  for the 100 £___. pilot-scale
demonstration. The ISV computer model estimates melts shape for homogenous soils 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
49.1.1 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 melt.
Power input is dependent on power transformer size, voltage tap selection, and melt zone
resistance. The equations used to calculate power are:

P=V2[R
and

P=I2R

where P = power, V = voltage, R = resistance and I = current.

The resistance is calculated between édge electrodes (R.) and diagonal electrodes (Rq) as described

by the following two equations:

In(2S¢/D)
Re = P —
an
In(S4/D)
Rq = p—-———an
where: |
p = average electrical resistivity of the glass 1
S, = electrode separation along the edge ‘
Sq = diagonal electrode separation
D = electrode diameter : |
= sd___. : ‘
|
|

The overall melt zone resistance is then calculated by:

RaR-

" RatKe

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 determined 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 t . for heat losses into the surroun ng 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  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 to
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.
11gure 4.1 shows the projected melt depth and width as a function of time and . .gure 4.2 shows
the1 _ected melt shape after 60 hor__ of run time. It should be noted that the model assumes a
homogeneous soil; therefore, the shape and melt 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 containing high 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 soil below an ISV melt using TOUGH2 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
hazardous condition.

4.6
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TABLE 4.3. ISV Site Soil operties

Absolute ermeability 1.0le-11 m2
Grain Density 2720 kg/m3
Porosity 0.398
Thermal Conductivity 1.305 W/m °C
Specific Heat 800 kg°C
Capillary ressure and a=5.3751/Pa
Relative Permeability n = 2.6889
(VanGenuchten functions) S,=.214
Ss=1.0
max = 1.0e+5 Pa

maintained at a partial vacuum of -0.25 cm H20, and 2 °C. These numbers are based ont ical
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. __ie 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
assum¢ 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
necessary to prevent unrealistic pressure buildup due to the numerical approximations of the f 'd
flowinthe . vay
and steel. It was also necessary to make the combustible nodes partially permeable to fluid flow.

| A permeability half the magnitude of soil 1s used for the combustible nodes.

4923 Pyrolysis Model

When the solid organic wastes (such as woc and paper) in the trench beneath the ISV melt
reach a certain temp iture, 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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Figure 4.3. Typical Temperature Profile in Soil 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

a | to be consumed in each 'nodes 1, 2, and 3 during a 6 hour period. Thisd ~ ed the

vuiuue rate of ___ gene  n for each of the nodes. .u convert this to a mass generation rate, a
der _ of 400 kg/m3 was used for the solid, organic material. The pyrolysis gas mass

flowrate was then calculated as:

Mgys = vol *psolid/tbum

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

tum = burn duration time (typically 3 hours)
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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
pyrolysis gases. The specific heat of air is also significantly smaller than that of the pyrolysis
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

nperature more dramatically than air, so this effect would be accentuated as temperature

increased.
The air mass flowrates vary from node to node, but the specific enthalpies of the injected

air are only temperature dependant:
hair 250°c = -4.49x105 J/kg

hgir 450°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:

Myir = MW 5i/MW a5 * mgys
hair =MWgas Wy (Cpgas Thode - hexp)

Given a control volume at a 1own temperature, the same pressure will occur for a specific
n *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 pyrolysis reaction.
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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to 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
demonstration. The simulated waste will contain high loadings of solid, compressible waste
material, typical of landfills and solid waste renches. TOUGH?2 is an unsaturated groundwater
modeling code, capable of treating non-isothermal problems, that predicts pressures underneath 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 mely, 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
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 B VNCH-SCAI ™~ T7S5TING

Ber -scale ISV testing was performed to provide a better understanding of the fate of
all__num in an ISV melt and on the affect of aluminum on the ISV process.

Two sets of experiments were performed to 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 « _ stalline product). T! e crucible tests
contained varying mixtures of aluminum metal, soil, stainless steel, and paper. The ranges of
compositions were 10 wt% stainless steel, 10-30 wt% paper, 10-30 wt% aluminum, and 30-50
wt% soil. Tests with relatively large pieces of aluminum (approximately 0.5-cm on a side) showed

4.17
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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 | inford soil crucible melts.

Based on the results from the crucible melts, ¢ ench-scale ISV test was performed to
evaluate the effect of aluminum on the ISV process. The key parameter of interest during the
bench-scale test was the performance of the electrical system during processing. Simulated waste
used for bench-scale testing 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 observations 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 calculations were done to determine what the heat load 1d pressure of the off-
gas hood would be during the melting process. Calculation number 100AREA-93-10, which is
attached, 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

m 3 atonn \- Y che_, a0 aw 710t
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
calculations 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 N (air), 5) the off-gas outlet contains all of n,, (the molar flow rate of the
base melt gas - HyO) with the difference being air, 6) the enthalpy of the base melt gas is a linear

4.18
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occurrence of a thermite reaction is : 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 other 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% (90,00C >m). This maximum is based on the assumption that all of
the combustible material present in the vitrification 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
an 8% conversion factor, it is estimated that the levels of CO that will be observed during the 100
Area demonstration will be 0.72% (7200 ppm).

4.13.4 Formation of Hj

" wusss p rously,the =xit ~ possil "y~ ste inthec s B
the melt or from the wa  spray) will ¢ . theCOy _ luced Ct  Hustion to
CO;, and H; gas per the “water gas shift reaction”:

CO(g) + HO(g) ------- > COy(g) + Ha(g) (T =250°C, iron oxide catalyst)
The concem is the low LEL of H; (4%) and the high explosive energy of H».

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 H; 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 combustic 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

Figure 4.7 illustrates that the dimensions of the base of the pilot-scale off-gas hood is
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
outward growth of the melt beyond the boundaries of the off-gas hood and also alleviates concerns

N 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 toward the static head of the melt,
operators will  alerted that a molten soil displacement event may be possible and they can  fin
to reduce the power in order to combat this event.

4.22
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00001 project ivpEqnsQ, initx, ivpMatrix0:
00002

00003 local start,
00004 start = 0:
00005 finish = 60;
00006 stepSize = 1l
00007 relError = 1.e-6;

00008 absError = 1l.e-6;

00009

00010

00011 Function ivpEqgnsO(t, X)
00012

00013 nm = 1.65:

00014 nc = 0.14:;

00015 n0 = 9.3:

finish, stepSize, relError, absError:

==
£ d 00016 vh = 27.6;
o~ 00017 mw = 29:

E 00018 pa = 101.325;
S 00019 R = 8.3l4e-3;
&3 00020 Ta = 298;

b 00021 Tr = 298;

e 00022 cp = 0.0296:

£ 00023 Hc = 3012;
00024 Tm = 1473;

00025 namin = 47.6*nc;
00026 cpc = 0.4798;

00027

00028 ph = x{2]*R*x(1]/vh:

00029
00030 a = (n0-nm) / (0.9541*mw) ;
b = (0.3125*ph/pa + 0.6873) * (pa*mw/R/Ta* (pa-ph))~0.5;

00031

00032 ¢ = (0.3125*pa/ph + 0.6875) * (x{Z]*mw/vh*(ph-pa))*O.S:

00033 d = nm + nc - n0;

00034

00035 // x(1] is Th, x{2] is nh.

00036

gggg; e = nm*(0.0417*Tm + 32.6) - (n0~nm) *cp* (x(1]-Tr) = nm* (0.0417*x (1] + 3
00039 if (x{1)>675) then

00040

00041 nw = 4.25;

00042 Bw = aw* (-0.0417*x(1] - 30.7):
00043

00044 else

00045

00046 nw = 0;

00047 Bw = 0:

00048

00049 end i£;

00050

00051 if (ph<pa) then
00052

00053 na = a*b;

00054

00055 else

00056

00057 na = -a*c;

00053
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1.0 SITE BACKGROUND

The 100 Area ISV Pilot-Scale Demonstration will be conducted at the 300W ISV test
facility directly west of the 300 area. The ISV test facility has been used for numerous large and
pilot scale ISV tests and is maintained free of hazardous or radioactive soil contamination.

The specific test location will be excavated for placement of the simulated waste into the
ground as well as the test measuring equipment associated with the test. Detailed characterization
of I st site (simulated waste and instrument location)will be essential to analyze the performance
of the ISV technology as a waste stabilization technique.

2.0 SAMPLING OBJECTIVES

The test objectives and the sampling which will support these test objectives are separated
into three distinct objectives. These )jectives are:

1) Demonstrate ISV as a stabilization technique for combu: "~ le and compactable
waste.

2) Define the ISV operating envelope for the processing combustible and compactable
waste.

3) Demonstrate ISV on a site that contains significant quantities of combustible
material.

To demonstrate ISV as a stabilization technique for combustible and compactable waste, a
determination of the ability of the ISV process to eliminate potential mechanisms for future
subsidence must be made. The ISV process eliminates these future subsidence mechanisms
through densification and the creation of a stable, durable product. Analyses to qualify and/or
quantify the elimination of these subsidence mechanisms, thus demonstrating ISV as a stabilization
technique, include post-test examina n of the ISV product to determine fraction void space,
streng"" *~ " on core samples from the ISV product, and durability testing of -* - ISV product.

Det.___ination of the ISV operating envelope for application to combustible and
¢ able we__will be achieved viac_.__pt  ionsand v___ying the ¢ Hutational | :dictic s)
with field data collected on a staged site within the identified envelope. In addition, performance
will be measu | through the completeness of field data collected to support design of full-scale
equipment and the identification of full-scale operating procedures.

To demonstrate ISV on a site that contains significant quantities of combustible material,
the ISV process must treat a site that contains significant quantities of combustible material without
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 a molten soil displacement event, combined with verification of computational predictions,
will serve as the primary measure of success for this objective.
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With the exception of off-gas and core sampling the cooled glass monolith, much of e
sampling associated with this demonstration will be electronic data collected on a computer data
acquisition system. Therefore, much of the sampling and quality assurance contained in this plan
will detail these electronic samples.

3.0 SAMPLE LOCATION AND FREQUENCY

" Samples for this demonstration are divided into two categories; 1) Electronic process data
and 2) Test material samples.

% 3.1  Electronic Samples
E; Because the main objective of this demonstration is to evaluate a technology application, the
i~ majority of the information gathered will be data on the performance of the processing equipment.

The pilot-scale ISV equipment is equipped with electronic measuring devices to provide process
monitoring and performance data. This data can later be used to evaluate the performance of
individual system components and help provide an accurate evaluation of the process application.
The type, location and frequency of the electronic process data associated with the operation of the
ISV processing equipment are listed in Table 1. Process data is recorded both on a computer data
acquisition system and manually by process operators every hour. In addition to the benefit of
direct monitoring of the process equipment by recording hand written data, the hand data can be
used as a quality check to validate the automatic computer collected data. All electronic instruments
will be calibrated to a traceable standard prior to performing the demonstration and immediately
after the conclusion of ISV processing. Figure 1 shows the off-gas treatment system components.

h |
1 VENTURI
OFF-GAS | SCRUBBER CONDENSER STACK

]
HEPA OR
ARBON ABSORBER

prau omnal W
SONIC ‘PARATOR RATOR
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Figure 1. ISV Pilot-Scale Off-Gas System Schematic
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Table 1. ISV Processing Equipment Data Points

Sample Type
Differential Pressure
Differential Pressure
D“erential Pressure
F:—sure

P...sure

Pressure
Differential Pressure
Pressure

L=<l

L..:l

Flow

Flow

Flow

Flow

Flow

60

CO,

0,

Temperature
Temnerature
Tem|___ature
Temperature
Temper— e

Temper e

Tommg e

E ...
T.....erature

Instrument Location

Off-Gas Venturi
Off-Gas Hydrosonic
Off-Gas Condenser
Scrub Pump 1

Scrub Pump 2
Off-gas Hood
Off-Gas Hepa Filter
C Gas Blower
Scrub Tank 1

Scrub Tank 2

Scrub Pump 1

Scrub Pump 2
Off-Gas

Hood Air Inlet

Heat Exchanger
Off-Gas Stack
Off-Gas Stack
Off-Gas Stack
Hood Plenum
Off-Gas @ Venturi
Scrub Tank 1 Liquid
Scrub Tank 2 Liquid
Heat Exchanger Liquid
Off-Gas @ Stack
Ambient Air

Hood Skin

Hood Skin
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Minimum Sample
Frequency

10 min
10 min
10 min
10 min
10 min
60 sec
10 min
10 min
10 min
10 min
10 min
10 min
60 sec
60 sec
10 min
60 sec
60 sec
60 sec
60 sec
10 min
10 min
10 min
10 min
60 sec
60 sec
5 min
5 min

In addition to the " " | collected on the ISV processing equipment during operation, data
wi dso be collected from instruments placed in the soil and simulated waste. Type “K” and “C”
thermocouples will be used to track the advancing melt front throughout the vitrification process
and pr--sure transducers will be used to monitor pressure gradients in the adjacent soil and
simwl-.—d waste. The exact location and frequency of collection of these instruments as well as the
P » transducers to be placed in the soil and simulated waste are detailed in the 100 Area ISV
P ale Demonstration Test Plan.

3.2  Test Material Samples

3.2.1 Core Samples

Core samples of the cooled glass monolith and pre-test soil will be collected for analysis.
The locations for core drilling will be determined once the actual shape and size of the resulting
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glass monolith has been determined at the completion of the ISV operation. The project laboratory
record book will be utilized to record all assumptions, observations and other information used to
determine the location and number of core samples to be taken. Sample location selection will be
based on the need to evaluate the minimization of future subsidence mechanisms and to determine
the degree of product stability. Information regarding the actual core sampling operation details
such as angle and direction of drilling, etc. will be recorded in the laboratory record book.

3.2.2 Soil Samples

Soil samples representative of the soil to be vitrified (from both the waste matrix and
surroun g soil) will be collected for analysis and archived for later analysis if required. Soil
samples will be used to determine soil moisture content, bulk soil density and inorganic
composition. These samples will be collected during the backfilling of the simulated disposal
trench. Information regarding sample location, depth and any other pertinent observations made
during sample collection will be recorded in the laboratory record book.

3.2.3 Off-Gas Samples

Both particulate and gas samples will be collected from the off-gas stream prior to off-gas
treatrnent. Samples will be collected over a two hour period for each of the following
predetermined periods of processing. For the startup phase, samples will be collected at 6-8 hours
and 12-14 hours of cumulative processing time. Sampling at this time will help determine a
particulate generation rate for startup. The next sampling will occur while processing the cover soil
over the simulated waste. The electrode depth will be used as an indicator to initiate sampling with
samples being collected as the melt front achieves a depth of 40 and 80cm. Based on a projected
downward melt rate of 2.5cm per hour, these samples are estimated to be taken at approximately
16 and 32 hours cumulative ISV processing time. The last sampling period will be as the melt 1s
advancing through the simulated waste region. Again electrode depth will be used to indicate
sample time. Samples will be collected as the electrode depth reaches 150, 200, 250cm with an
( i iS§ g1 ), 80 100 ho

A Modifiec ..lethod 5 stack sampling system will be used to collect particulate samples and
water vapor in the off-gas stream. Gas samples will be collected using an evacuated Suma
canister. The gas samples will be taken and analyzed using method TO 14 as a guide. All the off-
gas samples will be taken upstream of off-gas treatinent to provide an accurate

4.0 SAMPLE DESIGNATION
4.1  Electronic Samples

Electronic samples for the demonstration are divided into two categories; 1) Process
Equipment Samples and, 2) Soil Array Samples. The process equipment samples are designated
by the name of the equipment in which the measurement is being taken and a description of the
type of measurement. These sample designations will appear both on the computer recorded data
files and on the computer visual display. For example, the differential pressure measurement for
off-gas flow across the venturi scrubber would be “Venturi DP”. Process equipment sample
ni s and type are shown in Table 1.
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The soil array samples will use a standardized numbering system based on cylindrical
coordinates. This system denotes the instrument type, depth from grade, angular position relative
to north (clockwise) and radial distance from the vertical centerline of the electrode array
placement. These sample designations will appear both on the computer recorded data files and on
the computer visual display and will also be used for reference when recording observations in the
labor~-3ry record book. For example, the sample designation “TCK(090270810” indicates a type
K thaunocouple (TCK), located at the 90 cm depth (090), at a position of 270° relative to north
(27¢° radial distance of 810 cm from the vertical centerline (810). Each position description
will wee dig  to define its location; therefore, the first three numbers will always indicate
depth, the next three numbers designate angular position, etc.

A amples collected will have a time stamp indicating the date (mdy), and time (hms) in
which the sample was collected. The time stamp will be recorded in the computer data file for each
sample frequency.

4.2 Material Samples

Test material samples will contain the following information on a white self
adhesive label affixed to the sample container: 1) “~itials of sampler, 2) date a * time of sample
collection, 3) sample type, 4) unique sample id...tification number. Informauun designating test
material samples will be recorded in the laboratory record book. The information recorded will
contain all the information placed on the sample label plus any observations made during sample
collection.

4.2.1 Core Samples

Core samples of the cooled glass monolith will be designated by borehole number and the
individv  sample depth from insertion. An example would be, BH1-300. This sample would be
from bore hole #1 at a depth of 300 cm from insertion. Each individual core sample will be
wrapped in plastic and secured with vinyl tape.

4.2.2 Soil Samples

S sy 7 be collected with a clean garden spade and placed into a pre-cleaned 250
ml |’ stic uth sample bottle. The garden __.de shall be a__. spriately cleaned after each
samsc collection.

4.2.3 Off-Gas Samples

Particulate and condensate samples retrieved from the MMS system will be handled as
describe n 40 CFR App. A Method 5. These retrieved samples will be logged into the data
sheets which are used for each sample run.

5.0 SAMPLE EQUIPMENT AND PROCEDURES

The majority of the sample equipment to be used for this demonstration will be electronic
data collection equipment. The information describing the Computer data acquisition equipment is




DC™ 7" 93-45 SAP
Draft A Rev. 1
August, 1993

Page 6 of 11

contained in section 5.1 and the 100 Area ISV Pilot-Scale Demonstration Test Plan. The only
material samples to be collected will be core samples from the cooled glass monolith and archive
samples of the soil which will be placed into the trench with the simulated waste.

5.1  Electronic Samples

The data acquisition hardware to be used for the collection of electronic samples will be one
Macintosh IIcx series computer with instrumentation interface equipment from National
Instruments®. The instrumentation interface equipment includes NB-MIO-16 and NB-MIO-16X
multifunction input/output boards (16 single-ended or 8 differential channels), SCXI-1100 signal
conditioning modules (multiplexes and amplifies 32 differential channels), SCXI 1300 terminal
blocks (provides a method for connecting signals to the data acquisition system), and a NB-GPIB
(IEEE-488 talker/listener/controller). A combination of the above instrumentation interface
hardware will be used for data collection activities to allow greater than 150 instrumentation inputs
to be read and recorded.

The data acquisition software used will be LabView® 2 (Laboratory Virtual Instrument
Engineering Workbench), developed by National Instruments. LabView is a software system
designed specifically for the Macintosh family of computers. The software provides a complete
integrated environment for scientific applications involving instrument control, data acquisition,
data analysis, data display, data management and report generation. The data collection activities
will make extensive use of the data acquisition, display and management features of LabView.

Data storage will be both on the built in Macintosh hard disks as well as backed up onto a
removable hard disk. UltraDrive S0R (GCC Technologies) will be used to back up field data
collected. The removable hard disk has a storage capacity up to 45 MB. Data files created by
LabView will be periodically and automatically backed up onto the removable hard disk and the
hard disk removed once full.

( ) ki A ) in tl J and.  :
document. Information to be included in such documentation: operationc  _ t panels,
configuration of panels with data acquisition hardware (e.g. computer boards), engineering unit
conversions, data file labeling system, data file creation frequency, and data backup file creation
frequency.

An operations manual will be developed for operation of the data acquisition system which
details use of the system hardware and software. The manual will specifically address
requirements in this document as well as other applicable project documents. The manual is
written by the application programmer after the data acquisition program is configured and will
become part of the project file.
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5.2  Test Material Samples
5.2.1 Core Samples

Test material samples consist of pre-test soil samples and glass core samples taken from the
glass monolith and will be taken using : tary coring device. The pro lure to be used for core
drilling is contained in WHC-CM-7-7 “Environmental Investigations and Site Characterization
Manual” Appendix C “Drilling with a Special-Purpose Drill Rig”.

5.2.2 Soil Samples

Soil samples are to be collected using the a small garden trowel and placed into a 250ml
plastic sample bottle. Since soil analysis will consist only of bulk composition and total water
present, no extensive t | cleaning procedures as if contaminates were present in the soil

5.2.3 Off-Gas Samples

Particulate samplit  will be conducted using EPA Method 5 as a guide for sampling. Gas
samples collected from the off-gas stream will use EPA TO-14 as a guide. Offgas will be collected
in a suma canister for laboratory analysis.

6.0 SAMPLE HANDLING Al ) ANALYSIS
6.1  Electronic Samples

The electronic sample data will be stored on electronic storage media and back¢ up on a
removable storage disk. The backup electronic data will be stored as write protected files and filed
in the project file for security. The procedure for handling electronic data at the completion of data
acquisition activities is as follows: ’

1) At the completion of data acquisition, transfer the data files from the data acquisition
' oo 77t removable hard disk. Secure the write
n d :and® ytha 1t 6 l
and are readable.

2) Label the cartridge to include; project number and name, date, data type.

3) Verify that the backup copies of the data are also complete and readable. Place the
backup copies into the project file for security.

4) Remove the data files from the data acquisition system internal hard disk to prevent
uncontrolled access.

The project manager will maintain control of the data and will issue the working copy to
staff for reduction and analysis. All files created during data reduction and analysis will be saved
as new files and contain the following information for indexing into the project files:




B

D File name
2) Date, time

3) File type
4) Information describing the file contents
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This information will be recorded into a data file index located in the project file. The file
created will be transferred to a removable hard disk which will contain all the reduced and analyzed
data an will be returned to the project file at completion of the analysis.

6.2  Test Material Samples

Test mat

Sam; :Type

Soil

Vitrified Product
(Core)

Metal Phase
(Core)

Scrub Solution
Offgas
Gas sample

Offgas
Particulate

Quy

3

>3

Table 2. Sample Requirements

Sample
Size

250 g.

100 g.

150 ml

NA

NA

Container

250 ml plastic
sample jar

Plastic Sheath

250 ml plastic
sample jar

250 m1 plastic
sample jar

Suma Canister

Petri dish,

al samples to be collected for the ISV demonstration are shown in Table 1.

Analysis

Bulk Density
% moisture
Inorganic Composition
(6010)

Inorganic Composition
(6010)

Compression Strength
(AQTM TNO2R)

B) e __.agth
\4{2J L 1Va J967)
Product Consistency (PCT)
Inorganic Composition
(6010)
pH
Inorganic composition (6010)
TO-14
Gravimetric

* Sample size is determined in accordance with ASTM D4543, “Standard Practice for
Preparing Rock Core Specimens and Determining Dimensional and Shape Tolerances.”
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Soil samples will be collectt  and analyzed to determine bulk density, percent moisture and
inorganic composition. Core samples will be wrapped in plastic and labeled upon removal from
the core bit. The samples will be stored in a designated sample cabinet for safe storage. Analyses
of core samples will consist of chemical composition, strength and durability.

6.2.1 Vitrified Product Composition

Core samples which receive strength and durability analysis will also be analyzed for total
composition. The samples will be prepared for analysis using a NaHO; fusion and a KOH fusion.
Both ~f these sample solutions will be analyzed using the standard EPA Method 6010 (ICP) to
dete.__._ine total inorganic composition. The procedure for preparing the samples by fusion for
analysis using the EPA Method 6010 is included as Attachment 1.

6.2.2 Vitrified Product Strength

~ re samples will be selected for analysis in accordance with the requ * :ments stated in
ASTM .-543, “Standard Practice for Preparing Rock Core Specimens and Determining
Dimensional and Shape Tolerances.” The dimensional, shape, and surface tolerances of the core
specimens defined as defined in ASTM D4543 are important for determining structural properties
of intact specimens. The core samples selected will be analyzed for axial compression strength,
ASTM D2938, splitting tensile strength, ASTM D3967 and chemical composition.

6.2.3 Vitrified Product Chemical Durability

A selected set of core samples will be analyzed for chemical durability using the Product
Consistency Test (PCT).

6.2.4 Off-Gas Characterization

Gas samples collected in the Suma canister will be analyzed using TO-14 as a guide.
Fiuuary interest will be in identifying and quantifying the incomplete combustion by-products
found in the off-gas.

7.0  Sample ain-of _astody

Sample chain-of-custody forms will be used to track sample location and custody during
the project. All samples at the time of collection and labeling will be entered into the project
Laboratory Record Book sample log, and the sample chain-of-custody form. Sample chain-of-
custody forms can be obtained from the project manager. The project manager is the sample
custodian. A sample chain-of-custody form must remain with the sample at all imes. Samples
must be secure at all imes by being in a locked cabinet or in the possession of the individual signed
as “received by” on the chain-of-custody form. All pertinent information relative to sampling in
the field must be entered * to the project Laboratory Record Book. A copy of the sample chain-of-
custody from is included as Attachment 2.

The following procedure for using the chain-of-custody form will be used for the 100 Area
ISV Pilot-Scale Demonstration.



1)

2)

3)

4)
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Field records will be completed at the time the sample is collected with samplers
initials, date and time.

Samples collected for each sampling period will be recorded on the chain-of-
custody form. Each sample will be given a unique sample identification number as
described in section 4.2 of the Sample & Analysis Plan

At the end of each sampling period, samples will be locked in the sample cabinet at
the ISV site along with the chain-of custody form.

The sample chain-of custody form must be used when transferring samples to the
lab for analysis. If a courier is used for transport, the courier must sign for
possession of samples and release possession of the samples to the lab in the same

manner.
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* % QUA N

This Quality Assurance (QA) project plan applies to the Pacific Northwest
Laboratory (PNL) 100 Area ISV Pilot-Scale Demonstration activities. These
activities are staffed by members of the In Situ Vitrific :.ion Group of the Waste
Treatment Technology Department of the Waste Technology Center ith support from
members of the Computational Physics Section of the Analytical Sciences
Department of the Applied Physics Center.

The QA program described herein was developed to address the U.S. Environment:
Protection Agency’s (EPA) QAMS-005/80, Interim Guidelines for Preparing Quality
Assurance Project P'~=s. This QA Project Plan refers to PNL’s Quality Assurance
Manual, PNL-MA-70.

PNL’s current Quality Assuranc  ‘ogram (PNL-MA-70) is based on ASME NQA-1-1989,
Qua*"* _p---=i e ™--ram_Re rements for Nuclear Facilities and meets a
majority or tne requirements ot uuE 5700.6C. Further enhancements to the program
with special emphasis on the use of Continuous Improvement (CI) processes are in
progress. PNL’s plan to implement the requirements of 5700.6C was submitted to
D( -RL in April 1992. The approach is to incorporate the principles of 5700.6C
into PNL’s Total Qual' + Management (TQM) initiative. Deployment of TQM
throughout PNL is considerahle task requiring time and resources to achieve its
intent. It is expected that he implementation phase will be initiated in 1994.

The work conducted under this Quality Assurance Project Plan has been determined
overall to be PNL Impact Level II. Several Impact Level III tasks have been
identified. The project Work Breakdown Structure (I 5) is attached (see Exhibit
3.1). Specific client requirements stated on the Statement of Work for Work
Order ED3276 will be followed.
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4.0 PROJECT DESCRIPTION

The goal of this project is to conduct a pilot-scale field test, perform
labori iry and engineering analyses, and develop a test report to assess the
applicability of in situ vitrification (ISV) as a stabilization technique for
compactable wastes that have been excavated from the 100 Area and disposed in a
200 Area central landfill. This activity is will performed to fulfill the 100-
DR-1 milestone for the 100 Area Operable Unit.

The test will be performed at the 300W ISV site on a simulated waste disposal
trench. Material used for the test will be nonhazardous, non-requlated, and
nonradioactive and be representative of material to be retrieved from the 100
Area. The waste configuration and composition to be tested will be based on
engineering analyses performed before the field test. A single melt setting with
the pilot-scale ISV unit will be performed to assess the applicability of ISV as
a stabilization technique for compressible waste. The results from this pilot-
scale field test will also be used to identify the operating envelope and provide
the basis for the design of full-scale ISV equipment for this application.

4.1 Change Control (Scope, Schedule, Budget

Requests by PNL project management for changes in project scope, schedule, or
budget from that detailed in the Project SOW for WO ED3276 will be formally
submitted to the client (WHC). A Change Request/Record and Change Control Log
(reference PNL-MA-95, Research Project Management Manual, Section 4.5) must be
used by the project manager to document changes in scope, schedule, or budget
that are requested by project management or the client. Changes other than
changes in scope, schedule, or budget are discussed in the appropriate Sections
of this QA project plan.

Changes in QA/QC needs shall be evaluated, established and instituted at the time
a change in scope is made.
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= PROJE AN" " TSPONS ITIES

Line authority, Quality Assurance authority and support within PNL, and
interfaces with Westinghouse Hanford Company (WHC) are shown in Exhibit 5.1.

Ct ges to organizati 1al/interface structures shown in Exhibit 5.1, with
exccption of the Proje.c Manager, that do not reflect a change in the overall
scope of the activities or a change of requirements will not require a QA project
plan revision but will be incorporated in the next required revision of the QA

Project Plan.

The responsibilities of key PNL personnel are summarized in Table 5.1.
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TABLE 5.1. Responsibilities of Key Personnel

Personnel

Waste Treatment
Technology
Department Manager

Project Manager
Ja-Kael Luey

Quality Engineer
SE Walker

Technical Specialist

Research Engineer

Resgrnn4k414+:es

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

Interfaces with WHC project lead and provides twice
monthly reports of activities. Provides overall
direction of the PNL project and day-to-day activities
necessary to accomplish all PNL project objec*ives.
Ensures that the QA project plan is prepar and
implemented, and that data, QA information, and reports
are produced in a timely manner. Has direct contact
with the PNL Quality Engineer. Coordinates all Quality
Control (QC) activities including the scheduling and
submittal of QC samples to PNL Tlaboratories, and
evaluates the results. Transmits documents and records
to! C at project completion.

Provides the Project Manager with QA requirements
interpretation and implementation assistance. Provides
for uality Assurance training as necessary. Provides
for independent quality assurance reviews,
surveillances, and data quality and traceability audits.
Is responsible for reviewing and has sign-off authority
for QA project plans.

Primary duties include preparation of the operating
equipment and test site. Coordinates crafts and other
services necessary to accomplish these tasks. Prepares

- - fo co oot = qweacadnvac and

b o o

Performs computational modelling of 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.
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6.3 DATA T~ PE CC''°"TED

Figure 6.2, T°Y_Process Data "“ements, illustrates the elements of the ISV
process from wnich data will be collected. Descriptions of these elements and
their functions during the demonstration are detailed later in this section.

Tables 6.1 "Process System" and 6.2 "Off-Gas Treatment System" identii the
instrumentation to be used to collect data from the different elements of tne ISV
process. Tables 6.1 and 6.2 also identify the sampling frequency and required
accuracy for the measurement. The data to be collected with the instrumentation
identified in these tables will help meet the demonstration objective for
defining the ISV technology operating envelope for. application to combustible and
compactable waste.

To meet the objective of demonstrating the ISV technology as a stabilization
technique, analysis of the final product is required. The specific analyses to
be performed are discussed in Section 6.2 of the Sampling and Ar ysis Plan for
the 100 Area ISV Pilot-Scale Demonstration project.

Combustion Air 1let - The combustion air inlet provides a continuous source of
oxygen in the off-gas containment 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 through the inlet
line is into the off-gas hood. If the pressure becomes greater relative to
ambient, the air inlet provides a filtered release point. Temperature, pressure
and flow rate for the air inlet stream are necessary data points for a material
and energy balance on the off-gas containment hood. Such a balance is needed to
adequately design a full-scale off-gas hood and off-gas treatment system.

0ff-Gas Exhaust - The off-gas exhaust refers to either the off-gas exit 1ine from
the containment hood to the off-gas treatment system or the exhaust from the off-
gas treatment system stack. Flow from the off-gas hood is provided by the
primary blower in the off-gas treatment system. This flow provides the slightly
negative pressure in the off-gas hood. Characterization of the off-gas exit
temperature and the off-gas stack ti DY w.ow ite, and | jitic s
necessary for complete material balal the off-gas hood. Since the pilot-
scale demonstration will not contain any radioactive or hazardous material, the
primary off-gas constituents of interest that will be measured continuously are
oxygen, carbon monoxide, and carbon dioxide. Periodic samples at the off-gas
exit will be taken to collect data on the amount of particulate emanating from
the melt and to determine the completeness of combustion.

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 potentially uncontrolled releases of gases from the off-gas hood at the
insertion points for the electrodes. As with the combustion air inlet,
temperature, pressure and flow rate are necessary data points for a complete
material and energy balance on the off-gas hood.

Graphite Electrodes - The graphite electrodes provide the means for supplying
power to the advancing ISV melt. The amount of power input into the ISV melt is
controlled by adjusting the amount of current or voltage added. Measurement of
these parameters is necessary to determine full-scale power requirements.
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REPRESENTATIVENESS - expresses the degree to which data accurately and
precisely represent a characli ‘istic of a population, parameter variations at
a sampling point, a process condition, or an environmental condition.

P-q¢-~* "haracte-*~tics - The final ISV product is a monolith with a sin' -ed
zone surrounding a glass and crystalline material. Coring of this final
product will result in multiple samples from a cross section of this monolith.
Samples selected for analyses will be from multiple locations from within - :
ISV product to ensure that data from these samp ; is representative of the
entire final product.

n-----= Yeasureme-* Gystem - For measurement of temperature and pressure in
tne so1i and simuiated waste zone, an overabundance of instrumentation will be
used. Because the purpose of this data is to track the advancing melt front
as a function of time instrumentation is to be placed at multiple locations
throughout the soil ¢ simulated waste regions. Exact placement of the
instruments into the soil and simulated waste at predefined locations is not
required; however, knowing the location of the instrumentat 1 once they are
| iced is. For the remainder of the process measurement system
instrumentation, knowing the location of instrument placement is likewise of
greater importance than placement of predefined locations. This will not
compromise e representativeness of the 1ta since the data collected will
still obtain the desired process information (i.e., melt rate, melt shape,

heat flux, etc.).

Off-Gas Treatment System - :presentativeness of the data collected from the
off-gas treatment system 11 be verified by a check of the placement of the
instrumentation relative to the piece of equipment being monitored.

COMPARABILITY - expresses the confidence with which one data set can be
compared to another.

Comparability for this project will not be quantified, but will be addressed
through the use of accepted data analysis methods. The use of standard
reporting units also will facilitate comparability with other data sets.
Comnarability of other data will be discussed, when appropriate, in the final
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7.0 SAMP "NG PROCEDURES
Sampling procedures are detailed or referenced in Section 5. of the Sampling

and Analysis Plan for the 100 *-2a ISV P*'-~t §~-"'~_ISV Demonstration Project.
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8.0 SAMPL- ~USTODY
e ' c~=ple Chain-of-custody

The chain-of-custody for samples submitted for laboratory analysis will be
initiated by PNL. Sample chain-of-custody will be documented and maintained
per procedure detailed or referenced in Section 7. of the Sampling and

Analysis Plan for the 100 Area Pilot Scale ISV Demonstration Project.

£.) Corrections to Documentation

2 o=

If an er 'y error is made on any field or laboratory documentation, an
individual may correct the error by drawing a line through the error and
entering the correct information. The error shall not be obliterated. All
non-editoric corrections shall be initialled and dated.
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= = CALIBRATION PRO( " 'JRES AND FREQUENCY

A1l measurement and test equipment (M&TE), for which PNL is responsible, must
be controlled in accordance with PNL-MA-70 Administrative Procedure Pi -70-

1201, Calibration Control System.

Category 1 M&TE is calibrated by an approved metrology organization. All

¢ Jjanizations providing Category 1 calibration services must be evaluated by
the PNL Process Quality Department in accordance with PNL-MA-70 Quality
Assurance Procedure QAP-70-701, Preaward Evaluations/Surveys, before being

utilized.

Category 2 M&TE is calibrated by the user. Requirements for documenting user
calibration nf Category 2 M&TE are included in PNL A-70 Administrative
Procedure P; -70-1201, Calibration Control System.

Any analytical lab performing work will be designated in the Statement of Work
as responsible for calibration of analytical equipment. Category 3 M&TE is
not calibrated but is performance checked in the field and is for indication
only. Performance checks are recorded on the Field Record Form.
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10.0 A™*'VTICAL PROCEDURES

Analytical Procedures to be used are detailed or referenced in Section 6.2 of

the Sampling and Analysis Plan for the 100 *--- ISV Pilot-Scale Demonstration

proje-*
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12.1 Physical and Chemical Test Quality Control Checks

Characterization Analyses: The requirements for an internal Tlaboratory QC
program that is implemented through the laboratory’s analytical procedures will
be pa ed to the Analytical Chemistry Laboratory (ACL) via Statement o Work
(SOW). In the case of a non-PNL laboratory being used, requirements w..l be
forwarded via authorizing documentation ie. Work Order, Letter of Understanding

(LOI), SOW, etc.(see section 18.2).

QC checks for the chemical analyses are specified in the test method or
procedure.

12.2 Acceptable Limits/Results Requiring Action

The acceptance limit for blind standards is *2 standard deviations (s.d.). In
inter-laboratory comparisons using actual field samples, difference between
laboratory results of 2.8 s.d is allowed. This criterion is based on the
1 roducibility 1imit, with 95% confidence that random error is not responsible

for the difference.
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"~ 0__PERFORM? E__{D SYSTEM AUDITS

Surveillances are, in a sense, mini-audits that provide the project manager with
the ability to view the status of the project on a more frequent, snapshot-in-
time, basis. In ac ition, they provide a cost effective means to view a wide
range of project and analytical processes.

Compliance, real-time, and data traceability surveillances are performed by
Quality Engineers of t| Quality Verifications Department (QV). Compliance
surveillances are performed to ensure that a specific requirement, or set of
requirements, is being implemented. Real-t : surveillances are performed Iring
the work or analytical process to ensure that specific standardized procedures
are being implemented. Data traceability surveillances are performed to ensure
that the resultant project data are traceable back through the analytical
proce<s, through sai le handling and transportation, back to the date, time,
locat i, staff, ana technique used to collect the sample or record the data.
Surveillances are performed in accordance with PNL-MA-70 Quality Assurance
Procedure QAP-70-1001, Planning and Perfo ing Surveillance.

A minimum of {1 ) (2) surveillances will be performed during the life of this
project. Once to aid in determination of operational readiness and again during
test performance.

System audits, or simply audits, are performed by the PNL Quality Verification
Department on a periodic basis. Audits are planned and performed in accordance
with PNL-MA-70 Quality Assurance Procedure QAP-70-1801, Internal Audits. Quality
Assurance audit personnel are qualified in accordance with PNL-MA-70 Quality
Assurance Praocedure PAP-70-204, QA Audit Personnel Qualification.

The results of surveillances and audits will be made available to project and
1ine management as well as to individuals contacted.
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14.0 PREVENTIV® “A ICE

Routine equipment and facility maintenance and instrument services ensure the
timely and effective completion of a measurement effort. The Research and
Development nature of the ISV equipment is not conducive to a regular
preventative maintenance schedule due to its infrequent use. Because of this
infrequent use, the equipment is thoroughly checke prior to use and then
monitored during testing. Back-ups for every piece of critical equipment are not
available. However, sufficient spare parts are on hand to allow repairs on the
critical equipment. Exhibit 14.1 1ist the critical spai parts to be maintained
for this project.

This infrequent usage of equipment also extends to the M&TE used in the field.
This equipment is also calibrated and checked prior to use. The relatively short
duration of use (less thi 6 months) does not necessitate the need for

calibration during testing.

Analytical laboratory equipment maintenance is the responsibility of the manager
of the analytical laboratory.







FIGURE 14.1
CF TICAL SPARE PARTS

Radiation coveralls (medium, large, and extra-large).
Radiation caps.

Radiation hoods.

Radiation rubber shoe covers.

Blue coveralls - short sleeve (medium, large, and extra-large).
Blue coveralls - long sleeve (medium, large, and extra-large).
Blue lab coats (medium and large).

Towels.

Disposable coveralls (medium, large and extra-large).
Rubber boots - nonradioactive (3 sizes).

Electrical high voltage gloves.

Fiber tape (shipping).

Duct tape.

Marking tape.

Electrical tape (specify #33).

Fiberglass tape.

White plastic tape.

Fuses - 500 amps.

Fuse fast acting 100 V, 1 A, bus #KTKl.

Fuse dual element 600 V., 3 A, bus #FNQ3.

Fuse 250 V, 1/2 A, bus KTK 1/2.

MOV varister, G.E. #V480PASOA.

IC Op-amp, MC3503L K8503.

IC Op-amp, GE H11Cl 8446.

IC Op-amp, MC1741CP 1 L8442.

1C Op-amp, MC140018B CPZG8447.

IC Op-amp, NES56N.

SCR triggering board.

Fuse (3/4 A one time fuse), bus.

Heater, G.E. C19.88.

Heater, G.E. C4.19A.
Heater, G.E. C33.08B.
Heater, G.E. C3.26A.
Heater, G.E. C1.48A.

Heater, G.E. C9.55A.

Fence posts (24 ea).

Fence post driver.

Fence rope, yellow (600 ft).

Signs: Authorized Personnel Only and High Voltage (4 ea).
Aluminum sealer. .

Red RTV.

Magnehelic gauge -5 to +5 in. HZO.
Shovels (3 ea).

Pick axe (1 ea).

Sledge hammer (1 ea).

Me+=1 rake (1 ea).

6 folding rulers (4 ea).

Electrode 1ifting swivel.

Kao Wool (2 rolls).

Never Seize.

8" 0ff-Gas flex pipes (2 ea).

Strap wrenches (2 ea).

GX-4000 Gas Analyzer.

Hand pump and appropriate dregger tubes.
Spare pump for Tanks 3 & 4.

High temp filters for pre-filter absorbers.
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\SSUR CE_REPQOR™< ™0 “**'*~EMENT

Deviations from this QA project plan, as well as the results of survei lances and
audits, must be documented, described and reported to the Project Manager.
Quality Assurance related information must be reviewed by the cognizant PNL

Quality Engineer.

Problems identified by project personnel must be reported to the project manager
immediately for resolution. Problems involving data quality or sample integrity,
must be thoroughly documente

Line management must be included on the distribution of all audit reports.
Significant problems encountered in day-to-day operations must be reported to
line management immediately by the Project Manager.
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1TiAa AN ﬂl\flrl MMFEUMFELIT ANLTTRNL

18.1 Purchase Requ*-“*“*-ns_and Subcontracts

Procurement of items and subcontracted services are governed by PNL-MA-70
Administrative Procedure PAP-70-401, Preparation, Review, and Approval of

Purchase Requisitions.

18.2 Work Orders and Work Package Authorizations

Work Package Authorizations (WPAs) or Work Orders (WOs) to individuals or groups
outside the project organization must be generated and issued in accordance with
PNL-MA-70 Administrative Procedure PAP-70-404, Obtaining Services Via Work
Orders. As appropriate (as specified in PAP-70-404), a letter of instruction
(LOI) or statement of work (SOW) must aceompany each WO or WPA.
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10 STAFF TRAINING

Staff performing activities affecting quality shall be issued documented tr ining
assignments including applicable administrative and technical Procedures and this
QA project plan, according to PAP-70-201, Indoctrination and Training.
Documentation of other than project specific training shall be maintained by
Laboratory Training and/or the individual’s reporting organization. Project
specific training records will be maintained in the project files.

Requirements for the training of analytical staff to the procedures or methods
to be performed shall be passed to the analytical laboratories via Statement of
Work in accordance with Section 18.0, Work Orders and Work Package

Authorizations.



QA Project Plan
WTC-072, Rev. 1
Section No. 20
Page 1 of 1

~% ¢ ICT"TNEORMANCES AND DEFT*~*ru~Tre

For materials found to be in nonconformance with specifications, a Nonconformance
Report (NCR) must be generated and the item(s) dispositioned in accordance with
PNL-MA-70 Administrative Procedure PAP-70-1501, Nonconformance Reports.

Unplanned deviations from Procedures, plans, specifications, or related documents
shall be documented using a Deficiency Report (DR) in accordance with the
requirements in PNL-MA-70 Administrative Procedure PAP-70-1502, Controlling
Deviations from QA Requirements and Established Procedures. Potentially impacted
data shall be segregated or flagged by the project manager pending evaluation of
the deficiency’s impact on the data and final disposition of the DR.

Planned deviations, documen' 1 on the test plan, test procedure, or in the
Laboratory Record Book (including justification) 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.

See also Section 11, Data Reduction, Validation and Reporting, for handling
suspect or unacceptable data and Section 15, Corrective Actions, for corrective

actions.

Control of Non-Conformance and Deficiencies will be passed to the analytical
Taboratories via Statement Of Work, SOW, in accordance with Section 18.0, Work
Orders and Work Authorizations.
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¢ .0 DOCUMENT CONTROL

21.1 QA Project Plan Control

Distribution and control of this QA project plan shall be performed in accordance
with PNL-MA-70 Administrative Procedure PAP-70-205, Quality Assurance Plans.

Modifications to this QA project plan shall be made in accordance with Section
4.6 of PNL-MA-70 administrative Procedure PAP-70-205, Quality Assurance Plans,
that is, either by revision or by issue of an Interim Change Notice (ICN). Any
PNL staff member may request an interim change to this QA project plan at any
time by submitting a Document Change Request (DCR) to the Project Manager or
Quality Engineer.

2t 2 Techr* - "ocedu-- C~~*rol

Deviations from existing procedures shall be thoroughly documented in a
Laboratory Record Book in accordance with the GPS, Section 4.2.2, Experiment
Performance, and Section 5.2.1, Laboratory Record Books.

Laboratory Record Books shall be maintained in accordance with additional
requirements in PNL-MA-70 Administrative Procedure PAP-70-1701.

New technical Procedures must be developed in accordance with PNL-MA-70
Administrative Procedure PAP-70-1101, Test Planning, Performance, and Evaluation
and controlled in accordance with Administrative Procedure PAP-70-601, Document
Control. A1l technical Procedures shall be distributed and controlled by PNL

Document Control.

21.2 "“ing- “ontrol

Changes to procedures will be controlled as prescribed in section 15.2, last
R R A ‘ I 11 ent
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gz A & o _a .._.._-_..-.

Document reviews of technical reports to the client shall be performed in
accordance with the requirements in Administrative Procedure, PAP-70-604,

Independent Technical Review.
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