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SUMMARY

Ti1'iis uca^biiity-study test plan will be used by Pacific Northwest Laboratory (PNL) to

direct pilot-scale testiatg of the :n-sicar vitri.i.:atiort(ISV)techtrolog-y. Tl-,is treatabiiity study will use

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

seteieved bttried 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 QualityAssurance Project Plan for this tteaLability study are attached as appendixes.

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

--ISV-teeitnologyintoraa-overfaiisemediai-suategy for the 100 Area. Because this treatability test

iii
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does not contain hazardous or radioactive materials, further treatability studies containing such

_materials will beneededto obaiathe necessarv datafor'this cietailed analysis phase. The inclusion

of hazardous and radioactive materials are not necessary for this pilot-scale test since its purpose is

to evaluate the ISV technology only as a physical stabilization technique.
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1.0 PROJECT DESCRIPTION

1.1 TREATABII.ITY STUDY

In_situ vitrificadon (ISV) is proposed as a physical stabilization technique for burial ground

wasteretrieved frr+m_the1 00 Area:_ d„°veloped for contaminated soils, ISV is a thermal

treatment technology that converts contaminated soils to a glass and crystalline product. The ISV

pn0duct has been shown to have a compressive and splitting tensile strength approximately ten

-- tinles tltai ofi3ilYEirefbited cont,-rete and has vcrY good ieach resistance ProPerties (Buelt et al.s--_.
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 soilcj
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_taarutrent lackofunderstanding of

_thedynamics 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-

scaleequipment_for this application, and provide processing information necessary to estimate full-
scaie operaLing costs.

1.2 BACKGROUND

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

tn aid in the celertinn nf a^mP,i.,
-- -- -.. _._ .^.__ ...... ... .. ...... ..^

to aid in the implementation of the remedy.

1.1
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The ISV treatability study will provide data necessary to evaluate the ISV technology as a physical

stabilization technique for retrieved burial ground waste from the 100 Area.

In the 100 Area of the Hanford Site, direct land burial was used to dispose of solid, low-

level radioactive wastes associated with reactor operations (Miller and Wahlen 1987). From 1944

through 1973, the waste was buried in 281ocations which have been identified as burial grounds.

Table 1.1 provides information on the estimated solid waste disposal contents in the 100 Area. As

shown in Table 1.1, there is a significant inventory of metallic (aluminum and lead) and other

waste (soft waste, desiccant, miscellaneous material). The nonmetallic wastes, and some of the

metallic waste, are expected to be compressible. This compressibility represents a potential

~ P 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)

°.. • , Site y
.
&^tl' •d1Y-'IlIWY-̂l

t
-

„t
LPL

,,
ti S

^
p .^^.^ .. 7^^^^Duta, J t YYlYL ' ,,^^ ^.^ Gra hite Otherga VU1JCWS

118-B-1 __ 30.0 135.2 201.218.4 1.4 1.0
p
0.08 527

118-B-24 - - - - - - -
118-B-34 - - - - - - -
118-B-44 - - - - _ - -

118-B-54 - - - - - - -
c.., 118-B-6 18.0 25.0 - - 0.05 - 23
^.- 118-B-74 - - - - - - -

118-C-1 23.8 94.8 105.9/4.4 1.2 0.56 211
118-C-25 _ - _ - -

118-D-16 - - - -

-

-
ll -

.
U-G

.. _ - l UY__ ,,,,
. B
,, ,

1
,, ,
^4.4

, _
_222

")
.4/Y.4

.
1 .4

. -O.O$ -280
118-D-3 23.8 97.0 137.7/5.7 1.0 0.06 181
118-D-46 - - - - - -
118-D-56 - - - -
118-DR-16 - - - - - _
118-F-1 23.8 127.8 222.4/9.4 1.3 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 23.8 109.9 154.4/6.4 1.0 0.05 200
118-H-2 - - - - - 0.30
tt8-H--A10
118-H-4
118-H-510 - _ -

-
-

118-K-1 30.0 208.1 21.1/0.9 3.2 - 0.20 368
TOTALS 283.00 932.2 1059.0/44.011 10.52 1.05 1.1 2047

llncludes aluminum cans on Pb/Cd pieces, spacers, and aluminum contained in splines.
21ncludes boron from solines. VSRs, and HCRs at 1.5% x total weight buried.
3lncludes soft waste, desiccant, and miscellaneous materials.

_ a. .
_^tnctuded in i i B-B- i totals.^
'Hot balls from ball sorting in 105-C.
`--°Divided between 118-D-2 and 118-D-3 totals.
7lncluded in 118-F-I totals.
8Contained 3x105 ft3 of contaminated sawdust and other solids removed from dog kennels and animal pens.
9Contained 1x105 ft3 of contaminated solid waste such as animal carcasses .
lOIncluded in 118-H-1 totals.
l lIncluded sheet cadmium.

1.3
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2.0 REMEDIAL TECHNOLOGY DESCRIPITON

The ISV technology has been under development since 1980 at Pacific Northwest

Laboratory (PNL)(a) (Buelt et al. 1987; Oma et al. 1989a). Initial effort was directed to
contaminated soil applications, and the technology has been transfemed 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

-_ /vnI^13IL}^e:fl Ivv2h®=Na^on i^E&^54^ra^s^ i«?e^xYatvi '-/INET-1 - sIlow the ICV nrn..arn l,a..- -: ==3:d_`d ---'----- t 6 p !" ` /, v }•^v„vuo u ^ potential
--^

---^=-- -- applicabilityfor_temediating buried waste sites(Callow etzl- 1991), remed_ia•;ng ,W;drPrg*Ound

storage tanks (Tixier et al. 1992), and enabling the placement of subsurface vitrified barriers and
eneineered structures (Tixieret aI 19911o -

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.1989bzTimmertnan-1989^Shadeet al.-.1991).- The destruction efficiency for these contaminants

was found to be greater than 99% without including the off-gas treatment system. Including the

treatment system increases the overall efficiency for a wide range of organics to greater than

99.99%.

- InorganiCcoriuuTiinanu for whit`n the ISV process has been applied includes plutonium and
plutonium simulants, uranium, cesium, americium, strontium, lead, arsenic, and various other
heavy stteiais Diieli 1989; Buelt and'n esisiic 1988; Hansen 1991; Luey et al. 1992a Spaulding et
al. 1993). These tests have shown either excellent retention of the inorganic material in the final
glass and crystalline product or excellent collection of the material in the combined final product

and off-eas treatment svstem-

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

(8> Operated for the U.S. Department of Energy by Battelle Memorial Institute under Contract
DE-ACO6-76RL0 1830.

2-1
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removing, destroying, and/or immobilizing hazardous chemicals, radioactive materials, and mixed

contaminants. The ISV process produces a high-quality glass-and-crystalline waste form that is

highly resistant to corrosion and leaching and is capable oflong-term environmental exposure

without significant degradation. The melting process also results in a significant volume reduction

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

Figure 2.1 illustrates the stages of the ISV process. The meltingprncess_is-accnmpiished

through joule heating between an atzay of electrodes. A starter path of graphite and glass frit is

placed between the electrodes to allow initiation of the process in typically nonconductive soii.

I-' Once the soil surface becomes molten (1200 to 1400°C), it becomes electrically conductive. Joule

heating now occurs in the molten soil as electricity flows through it, resulting in molten soil

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

Te OM-Gtl TIMbIMet

f 1 ^ Hold^ ^

! Subsidence Backfill

^_.:^-i^^ •
._

f/^ _ ^

. _ .
.. ./ .. ...-

- - IbfBng Zdna

VlMfled Sail and VYasts •

F?OURE 2.1 . Sequence of the ISV Process
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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

:on$/ta._ It_employ;1; a 3,750-kVA multigle-tap t,^ansformer supplying®le°tricad-powerr to the
electrodes;2)-an offgas-collection-hood-a.nd-an-electrode-feedsyste..; 3)-anoffgartreatment

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 control071,
^ trailers in the event of a site power outage.

The_pilot-scale _s_yssem iscapable of-proc-essing up to 50 metric tons of soil in a single melt

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

More than 150 individual tests of the ISV technology at various scales have demonstrated

the efficacy of the technology to treat a broad range of contaminants and solid media types. The
technology has been shown effective for destroying organic contaminants by pyrolysis, as well as

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

---- technologyatE summariaed by Buelt and Thotnpson (1992). Although the 150 tests of the ISV
-systcTn prz-re,et<ai a sig,=uica^^i uaiaoase; this particuiar demonstradon will be the first application of
ISV to waste that contains aluminum and a high combustible loading.

2.3
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3.0 TEST OBJECTIVES.

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

equipment at the 300W Site (46°22'21" north by 119° 10'55" west) located near the 300 Area of the

Hanford Site, Richland, Washington. The treatability test will be performed on a staged site

containing nonhazardous, nonradioactive, and nonregulated material to simulate waste retrieved

from the 100 Area. The objectives of this test are the following:

s-y
CI

g • Demonstrate ISV as a stabilization technique for retrieved buried waste.
Performance will-_be-.^

n^ ..^detet-m_^°.ine,.^.^d..^bv the ability of the ISV process to eliminate potential
------'-``E-- --------- - ` -for .u«,{^ ...A l.n:au...s-. ^...Tu..{. involveeeb.atttsms,^^„antsms for future subs

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

• Define the ISV operating envelope for application to combustible and
compactable waste. Performance will be determined by the ability to establish the ISV
operating envelope for this application via computations and verifying the computational
prediction(s) with fieid data coliected on a staged site within the identified envelope. In
addiuon, performance will be measured through the completeness of field data collected to
identify-----------iv designanodificationsfull-scale en ^^inmPnt and rhP ;^P^tification of full-scale1--Y. . .....

...... ... ......

operating procedures. The identification of design modifications to the full-scale ISV unit
and the idenuncauon of full-scaie operating procedures are necessary to estimate the fixed
and operating costs for this ISV application.

= i3etnonstrate-ISV on-a-site that contains significant quantities of
combustible material. Performance will be determined by the ability of the ISV
-p:wess-to treatasite that con•ains-sigttificant quantiiies-ofcombustibie material without a
molten soil displacement event (see Roberts et al. 1993 for description). Successful
completion of the-pilot-scale demo.n.s+radon without a molten soil displacement event,-- -
combined with verification of computational predictions, will serve as the primary measure
of success for this objective. A secondary measure of success for this objective will be the

-- -- ----- -- --- - completenessof-data collect^ to evaluate the anticipated secondary effects of processing a
high combustible-loaded site (e.g., higher heat loads, higher operating temperatures, higher
carbon monoxide and dioxide levels).

3.1
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4.0 EXPERIMENTAL DESIGN AND PARAMETERS

4.1 TEST PARAMETERS

Several test parameters for the pilot-scale ISV treatability test have been identified. These

parameters are those needed to either assist in the verification of computational modeling or to

characterize the 1SV process so that design criteria for full-scale equipment modifications for this

•,^;
^
CUT

^.,

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
^----'--' -°° --- ---aescnpnon or mese elements.

• Combustion Air Inlet - The combustion air inlet provides a continuous source of oxygen in^ ., .. .
--------'- D-ga5IYC74dto Stlp'pr^thF-COtT!^9US^^?^!-(!!-7lU13!u1Zet^ nrvAnir material. Jmce the off-

gas

b....... . ...
containment hood is kept at a slight negative pressure relative to ambient, the normal

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

• Off-Gas Exhaust - The off-gas exhaust refers to either the exit from the off-gas hood or the
exit through the stack of the off-gas 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
tetttperature-(Irom hood 2ndsracki rtnwrarP %frnm 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.

• Elec^e Seal Air Bleu. - The electrode seal air bleed provides air to the positive pressure
seals that fit onto the graphite electrodes. These seals prevent potential uncontrolled
releases of gases from around the insertion points for the electrodes into the off-gas hood.
Temperature, pressure, and flowtate are necessary data points for a complete material and
energy balance on the off-gas hood.

• Graphite Electrodes - The graphite electrodes conduct electrical current to the advancing
ISV 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 processed, is necessary to determine

_ ___ ____ fnll-craln mmnrrnnni'nmsn•n
•u.^ uY.uV 1/V^YI lYYY4V1lYIW.

• 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 tteatment system for processing. Important parameters to evaluate

Al
1.1
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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
full-scale equipment design. Parameters of interest are the temperature and pressure in the

waste site and the surrounding soil. The temperature data provides informationst...u.aw
on the sltape of €.he-progmmng-ttteiti ihesphere Df 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

collected during the demonstration. The instrumentation used for measuring the data collected

from each of these elements is discussed in section 5.3 of this test plan.

4.2 MODEIJCALCULATIONS

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 resultsareprovide in Appendix A. A short summary of the modeling

results is provided in the remainder of this section.

p 1 p j^ `_._ --
...... -^-rL.-r -^-- ce3uitJtr.CJm-ZS9^ lon,a^puterlYlM1G1

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-pte:ke^atr 4) pnor expertcncis witi, ouFed-kYaste at 11Ni:L-showed the ,.,e.t 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.
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4.2.2 Results from the TOUGH2 Model

Simulations were run using two statistical distributions of waste. One happened to have

metal sections well dispersed (random distribution #1) so that they did not form long impermeable

barriers that prevented fluid flow and increased pressure. The other distribution had many such

batrier zones (random distribution #2). The distribution of metal sections and the assumptions

used in modeling them had a dramatic effect on the calculated results. From these runs, it is

apparent that the pyrolyzing gases do affect the pressure beneath the melt, but not strongly. The

two methods used for modeling the pyrolysis process gave similar results, with the worst-case

model predicting a higher pressure. The restrictions caused by metal loadings may have as great an

impact as the pyrolyzing waste, especially if they form impermeable containment to pyrolyzing

material.

- -It is important to note that these simulations assumed a constant melt progression rate of.^: ----
2.5 cm per hour based on past pilot-scale ISV experience. It is possible that the high loading of

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

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

to suggest the effects of different loading conditions. It is hoped that data will be collected during

the demonstration that can be used to adjust and partially validate the model for further predictions.

4.3 PILOT-SCALE ISV TEST SYSTEM

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

r..... ......... ......^„of-thexlementsof the r^tnt-^^^la *P^* -..^^^tem. For more detailed discussions on the test system, see
the Safe Operating Procedure for the pilot-scale ISV equipment and Spaulding et al. (1992).

4.3.1 Power System Design

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

4.4
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The Scott connected transformer is a phase conversion system converting 3-phase power (three-

wire primary) to 4-phase power (four-wire secondary).

The entire pilot-scale system (vitrification power, off-gas processing equipment, etc.),

requires 750 kW of power at 480 VAC, 800 amps, 3 phase, and 60 Hz. A backup diesel generator

is utilized to provide energy for the operation of all essential equipment for personnel and

environmental safety in the event utility line power is interrupted. These include the off-gas

system, data acquisition system, environmental and system monitoring equipment, HVAC, lights

and system lighting. The diesel generator provides 93 kVA of power at 480 VAC, 3 phase, and
07 60 Hz. Activation of the generator is automatic upon loss of utility line power, thus providing
CX3

interrupted power to essential process equipment.

4.3.2 Electrodes and Electrode Feed System

The electrodes used to conduct current to the molten soil are 15.2-cm-diameter by

approximately 185-cm-long sections of graphite. Each electrode section is machined at both ends

with female threads to allow connection of successive lengths via male threaded graphite

connecting pins. The electrodes are initially buried to depths of one to two electrode diameters and

the starter-path, consisting of graphite and glass frit, is laid around and between the electrodes.

For this test, the electrodes will be arranged in a square array with a center-to-center separation of

1.v" meter per side of the square.

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

di,srupdvr. sir,tations-ate en^untet^^l+.v-fe^-sys;em is u^..lized-to:.,uactthe effected electrode(s)
until a stable electrical balance is achieved. Typically,retraciion_of only2to 3 cm is neeriPd to
acStolc ualQni,c.

4.33 OffGawcC,^.nf^inm°v.^aay'ti,^

The off-gas hood consists of a steel shell and a superstructure for supporting the shell as
well as the electrode feed units. The off-gas containment hood is designed to collect off-gases

emanating from the melt and direct them to an off-gas treatment system. The hood is operated at a

4.6
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-- --slightvacttum thatis created by an induced draft blower. with a fiow 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-supplie¢__by two independent liquid recirculation

-^,--------- tanlss, ?achequipped with aputttp and heatpxchanger-. 1?te entire nff-gas treat...ent syste;, along
00 with the ISV power supply, has been installed in a 13.7-m long semi-trailer to facilitate transport to

I sites.

4.3.5 Data Acquisition Systems

The data acquisition system (DAS) and associated instrumentation provide extensive

process monitoring capabilities for ISV testing. For monitoring the off-gas treatment process,
inputs from process instruments are routed through a Hewlett Packard mode13497A 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 inforntadonal 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 SAFE OPERATING PROCEDURES

Thespecificstepsto be followed when operating the existing DOE pilot-scale ISV
---equipmentate describedinthe supportingdocument, Safe Opertting .arocedure-(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



DOE/RIr93-45
Draft A

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 IS V

setting with only soil. An evaluation to determine or quantify the_probabili_ty_ofan}r specific event
r"j was not part of the engineering analysis; however, the probability of such events at full-scale willr_t
rlt^7 be evaluated using data from the pilot-scale treatability test.
_.,....

The test-specific potential events include the following: high heat load in the off-gas hood,

electrical shorting in the melt, loss of the off-gas hood vacuum, high CO/CO2 emissions, outward

growth of the melt, underground fires, molten soil displacement, and an inability to sustain the
melt. Mitigating systems and/or procedures that will be used during the 100 Area demonstration
include establishment of a control zone, reduction of applied power, water spray system, electrode
feed system, passive hood vent, monitoring of off-gas composition, monitoring of melt
progression, random placement of waste, computational modeling, addition of a soil berm inside
the off-gas hood, use of a camera to monitor conditions inside the off-gas hood, bench-scale
testing, engineering calculations, and soil pressure measurements. Each event, the various
mitigating systems to be used, and the implementation of these mitigating systems are described in
greater detail in Appendix A.

4.8
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5.0 SITE LAYOUT

5.1 WASTE COMPOSITION

The site for this demonstration will be an engineered site containing nonhazardous and

nonradioactive material representative of waste to be retrieved from the 100 Area. Table 5.1

provides a physical description of some of the major constituents in the 100 Area burial grounds

(Miller and Wahlen 1987). Using Tables 5.1 and 1.1 as guidelines, the 100 Area ISV

^ -- --- -demonstration willusesimulat..^-waste-material-that-is-bothhcompositio. ° ^y 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
c-.s

completely representative site for this ISV demonstration. However, it is possible to stage a site

Y*' that will fall withinthe expectgd envelopeL _Successful completion of this demonstration (which is

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

TABLE 5.1 . Physical Description of Selected 100 Area Burial Ground Materials. Adapted from
Miller and Wahlen (1987)

Material Description

Aluminum Spacers The spacers were 20.3 cm long with an outside diameter of
3.6 cm and a 0.6-cm wall thickness. Cylindrical in shape, the
spacers had a number of perforations along the axis.

-__Lead-Cadmmium PoisonPieces-- -'I7te-lead-cadmium a'-]oy used as reactor poison was in the form
of a solid rod =3.6 cm in diameter and 15.2 cm long.

Boron Splines The majority of splines were about 1.3 cm wide, 0.2 cm thick,
and 0.9 in long. The splines were made of a combination of
12% boron and 88% aluminum.

TYbeJProcess The process tubes, fabricated out of an aluminum alloy, were
about 1.2 m long with an inside diameter of 4.4 cm and a wall

-- - - -- - - - - - - --- thicitness of about 0.3 cm.

Reactor Gunbarrel The reactor gunbarrels are similar to a Schedule 40 carbon steel
pipe and measure about 4.5 cm in diameter and .2 m in length.

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

teqttttements, and 3)aesult an-the necessary data taadenta.fy a.he-opemttng envel;,pe .vr u,:s

application ^e.g.,waste-compositloaattd_acceptablr. wacte fotttts).

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

Hanford soil, 12 wt% combustibles, and 25 wt% metal. These weight percents were determined

based on the estimated solid waste disposal site contents in the 100 Area (see Table 1.1),

computational modeling, and engineering calculations (see Appendix A). The combustible waste

will be composed of rags, clothing, paper, and other soft material; the metal will be composed of

aluminum and steel (mixture of stainless and carbon). When possible, simulated waste will be

obtained from an existing waste stteatn to minimize secondary waste generated from this

tteatability test.

5.2 TEST CONFIGURATION

5.2.1 Trench Configuration

Stabilization of solid waste in the 100 Area may be performed either in the 100 Area or at

the central disposal facility, depending upon economics and site staging. For stabilization in the

100 Area, the waste would likely be staged and processed in the disposal trenches from which it

originated. For large-scale stabilization of solid waste at a central disposal facility, a square trench

-- ---- -- - config^ation-ist.he most.-econotnical and-pn„cfical^o<, ce:.^.' Iar.ll trenches. Such a square

configuration minimizes the perimeter relative to the surface area, which is important for a

protective barrier, and maximizes the amount of waste processed per ISV setting, which minimizes

1SV operating cost. -

5.2.2 Waste Configuration

The pilot-scale ISV treatability test will simulate an ISV setting performed within a square

ettch configWatiot•.. A rectangular simulated waste form will be used with the electrodes

positioned in a postulated worst-case scenario in which waste surrounds the ISV setting on three

sides. This is considered worst-case since the permeability of the heterogeneous waste is likely to

be less than that of Hanford soil because of the presence of impermeable regions such as metal

objects. Figures 5.1 and 5.2 show the waste configuration and the electrode positions,

respectively.

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

5.3 INSTRUMENTATION

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

5.4
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yrX 5.2. Test °a-a.,eter MeastuementsnT

tr__1

® ;.

rylT--

Test Measurement Sampling Range Required

^ Parameter Instrument Frequency Eng. Units Accuracy

Air Inlet Temperature (T) Type T Thermocouple 60s 0-1200'C ± 5°C

(ambient) Type K Thermocouple 60 s 0-1200'C ± 20"C

Air Inlet Pressure (P) - -Barograph - 1 hr AP• in. Hg ±.075' Hg

Air lalet FloNrate (F) Pitot Tubes 60 s 0-15 m3/min. ± 2%

Off-Gas Temperature (T)

Exit Line - - Type K Thermocouple 60 s 0-1200°C ± 20'C

Off-Gas Treatment Stack Type T Thermocouple 60 s 0-1200'C ± 50C

Off-Gas Flowrate (F)

Of[Gas Treatment Stack Pitot Tube 60 s 0-15 m3/min. t 2%

vu-oas a.oomn traiioo (nl'-'°^-_"----- -
I I I I

Ambient 02 Concentration Electrochemical 5 min
_
0-25% ± 4% Full Scale

Sfsck 02 ConrzniradOn ElCdrochemical 60 s 0-25% ± 4% Full Scale

Ambient CO Concentration Infrared 5 min 0-1900 ppm ± 5% FuII Scale

Stack CO Concentration Infrared 60 s 0-1900 ppm ± 5% Full Scale

Ambient CO2 Concentration Infrared 5 min 0-1.5% ± 2% Full Scale

Stack CO2 Concentration Infrared 60 s 0-15% ± 2% Full Scale

Electrode Seal Air Temperature (1) Type T Thermocouple 10 min 0-1200°C ± 5°C

Electrode Seal Air Pressure ( P) Pressure Regulator 30 min 0-40 kPag ^ 1.0 kPa

Electrode Seal Air Flowrate (F) Float Tube 30 min 0-100 L/min t 50 L/min

Graphite Electrode Voltage (V) Digital Volt Meter 60 s 0-1000 VAC ±0.5% or 5 Volts

Graphite Electrode Current (1) Digital Volt Meter 60 s 0-1000 Amps AC ±0.1% or 5

Off-Gas Hood Temperature (T)

Plenum Type K Thermocouple 60 s 0-1200°C ± 200C

0,7-vas riaod Skin - Type K Thermocouple 5 min 0-1200°C ± 20°C

Off-Gas flood Pressure ( P) Differential Pressure Gauges 60 s 0-17 kPag ^ 0.05 kPa

Off-Gas Hood Heat Flux (HF) HT-50 (Heat Flux Sensor) 5 min 0-1000 BTU/hr ± 10% Full-scale

ISV Melt Temperature (T) Type C Thermocouple 30 mia 0-23000C ± 20'C

Surrounding Soil Temperature (T) Type K Thermocouple 5 min 0-1200'C ± 20'C

Surrounding Soil Pressure ( P) Pressure Xducer 60 s 3-35 kPag t 1 kPa

Simulated Waste Temperature (T) Type K Thermocouple 5 min 0-2300'C z 20°C

Simulated Waste Pressure ( P) Pressure Xducer 60 s I 0-35 kPag ^ 1 kPa

5.5
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TABLE 5.3 . Off-Gas Data Collected

^

-,^
th^2

e*,

Test

Parameter

Measurement

Instrument

Sampling

Frequency

Eng. Units

Rnnge

LRequired

Accuracy

ORGas 7reshnenr System

Gas Differential Pressure @ Venturi Diff. Pressure Xdcer 10 min 0-30 in. we ± 2%

Gas Differential Pressure @ Hydrosonic Diff. Pressure Xdcer 10 min 0-90 in. wc ± 2%

Gas Duierontiai Pressure @ Condenser Diff. Pressure Xdcer 10 min 0-30 in. we ± 2%

Gas Differential Pressure @ HEPA Diff. Pressure Xdcer 10 min 0-3 in. wc ± 2%

Pump 1 Outlet Pressure Pressure Transducer 10 min 0-125 psi ± 2%

Pump 2 Outlet Pressure Pressure Transducer 10 min 0-50 psi ± 2%

Pump I Flow Electronic Flowmeter 10 min 0-50 gpm ± 5%

Pump 2 Flow Electronic Flowmeter 10 min 0-30 gpm ±-5%

Glycol Coolant Flowrate Electronic Flowmeter 10 min 0-100 gpm ± 5%

Glycol Coolant Temperature Type K Thermocouple 10 min 0-1200°C ± 20°C

Pressure @ Blower Diff. Pressure Xdcer 10 min 0-140 wc ± 2%

Tank I Liquid Level Diff. Pressure Xdccr 10 min 0-350 L t 2%

Tank 2 Liquid Level Diff. Pressure Xdcer 10 min 0-350 L t 2%

II Off-Gas Temperature @ Venturi Type K Thermocouple 10 min 0-12000C t 20'C

Off-Gas Temperature @$tack_ Tvge ICTheranoc Lpk --- 10-mia -- 0-1200'C = 20°C

Tank I Liquid Temperature Type K Thermocouple 10 min 0-1200'C ! 200C

Tank 2 Liquid Temperature Type K Thermocouple 10 min 0-11A0°C ± 20°C

Of the test parameters illustrated i1r.Table 5.2, the soil temperature and pressure data, as well as the

simulated waste temperature and pressure data, require the most extensive instrumentation

placement The data to be collected will characterize the conditions in front of the advancing ISV

melt front and be used to verify computational modelling predictions. In addition, the pressure and

temperature data will be used to develop guidelines for full-scale ISV application to solid waste.

5.6
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Figure 5.3 illustrates the plan view of the soil pressure arrays. These arrays include type K

thermocouple measurements and pressure sampling points in both Hanford soil and the simulated

waste zone. A total of six soil pressure arrays will be used (each consisting of five pairs of

temperature/pressure sampling points)- one along the centerline, one along the 90° axis, two along

the 0°-aus, and two along the 18"0° axis. Each of the soil pressure arrays will be oriented

horizontally except for the centerline array, which will be oriented vertically. The lateral array

along the 90° axis will be placed at a depth of 1.5 m. The arrays along the 0° and 180° axes will be

at depths of 1.5 m and 2.5 m. Figure 5.4 illustrates the side view of the soil pressure arrayst,....
looking along the 90° - 2700 axis. Also shown in Figures 5.3 and 5.4 are type thermocouples

m s along the vertical centerline array. These thermocouples have a higher temperature range than the
type K thermocouples and will be used to measure the ISV melt temperature at different depths. A,...: ;
measure of the melt temperature will provide information on whether the incorporation of different
materials into the molten soil zone, which results in a change in the melt composition, affects the
melt temperature.

Figure 5.5 and 5.6 illustrate the plan view and side view of the thermocouple arrays,

respectively. These thermocouple arrays consist of type K thermocouples and will be used to track
theadva_ncirtg melt£tttnt inregionscot+.taining only Fanf-r+ soil and regions containing soil and

-sitttttlateti waste: -Sixtiers-of thernarouples wilibe piaced airtng the "v°, 45°, 90°, 125°, and 180°
axes. Each array will consist of five thermocouples spaced 0.3 m apart and be placed at depths of
1.00 m, 1.25 m, 1.75 m, 2.00 m, 2.25 m, and 3.00 m. The thermocouples from the soil pressure
arrays will be used to fill in missing data locations (i.e., centerline, and intermediate depths).

Due to the large number of instruments and sampling points that are to be placed into the
soil, a standardized numbering system will be used that will allow an operator to quickly identify
the location of a given instrument. This system is based on a cylindrical coordinate system and
denotes the instrument type, depth from grade, angular position relative to a selected zero position,
ard-radt^dis'ance^mthe eenterfine: Aaexa^^tplc labeiis ` i-K09"v270810." Ttte first three

r .. ...._..rettersdenote that the mstnament i s a.rypa K-.Eterm^ouple-{-TGK); the nex t t„̂ ,I...°̂^ , ^,t „ers indicate
a depth-from grade of v cm (v90), the following three numbers indicate a position 270° relative to
north (270), and the final three numbers indicate a radial position 810 cm from the center line

ThPittstrutnFntY3v:,is=^i1lhe-p ed it^ both ends ofasigna'reabiesoii-^at insiruments are
-__IlotcottnectedEflthelianta arnnicitinn cvctrm imnm,.Arl.,..J ........ ---- Y...Y.....7 .
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FIGURE 5.6 . Soil Thermocouple Arrays - View Along 90°-270° Axes.
The 45° and 125° thermocouple arrays are not shown.
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6.0 SAMPLING AND ANALYSIS

The Sampling and Analysis Plan (SAP) for this treatabiliry test is included as Appendix B.

The purpose of this supporting document is to ensure that the samples obtained for characterization

and testing are representative and that the quality of the analytical data generated is known. The

SAP addresses collection, identification, and analysis of samples obtained from the test site,

before; during,-and-after theiSVdetitcrtstiauan. The types or samples to'oe collected include all

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

$ (Section 3.0) for this demonstration.
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7.0 DATA MANAGEMENT

- 73 QUALTTY ASSURANCE

This treatability test will be conducted in accordance with the requirements outlined in this

---- --- t.^• A.^ .^A it. .^ rdn documents, Safe ratin Procedures SOP and the uali.,, . Y..... .......w ,,..PPo g ^ g ( ) Q tY

Assurance Project Plan (QAPjP) (Appendix C). The QAPJP was developed in accordance with

PNL's Quality Assurance Manual, PNL-MA-70, which was developed to address the U.S.

Environmental Protection Agency (EPA) document QAMS-005/80, Interim Guidelines forCa_r;
Preparing Quality Assurance Project Plang. A Quality Assurance (QA) engineer provides

independent oversight of project activities and will monitor activities to en'sure compliance with

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

Unplanned deviations from the procedural requirements must be documented by

-completing a-Deficiency Repo.^.-(DR} in accm°'at:ce with-PNL-1L4A-70 Administrauve Procediiac

-PAP=70-1502, Co.n.uolling Deviations from QA Requirements and Established Procedures. The

DR must identify the requirement deviated from, the causes of the deviations, whether any results

were effected, and corrective action needed to remedy the immediate problem and prevent

recurrence.

Planned deviations, documented on the test plan, test procedure, SOP, and/or in the

laboratory record book (LRB) (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-o__f a DR. When; appropriate, approval by Westinghouse Hanford Company (WHC),

Laboratory Safety, and/or Quality Assurance must also be obtained in addition to the approval by

the project manager or task leader.

- - - 7:3 -- -LARORATORY-RECORD BOOKS

The LRB is the primary method of recording day-to-day project activities. The LRB is
_intended to provide information with sufficient thoroughness to permit an independent person of
equivalent technical background to understand the work and evaluate the technical soundness of the
work,continue-unfinished.work, and/or be able to replicate the work. All pertinent data and
observations will be recorded in designated LRBs or in data sheets referenced by the LRBs with all

7.1
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entries signed and dated. All assumptions, calculations, and analyses will be documented in the

iR.B,-orfiled in rhe project file. Currently, LRB BNW-54883 has been assigned to this treatability

project. Any other required LRBs will be assigned as they become necessary.

7.3 DATA SHEETS

Pertinent data gathered before, during, and after processing will be entered on data sheets.

These data sheets will be referenced in the appropriate LRB and signed and dated. The following

1^0 data sheets are attached as Appendix D:
C0
^ - • M&TE Control Listing (from PAP-70-1201)

^^; • Soii Temperdture Atray
r.,
r:: • Soil Pressure Array

^ ° • General Process Status Sheet
c+^

• Off-Gas Treatment System Data

• Power Readings

• Electrode Depth.

7.4 COMPUTER-GENERATED DATA

Much of the process data and off-gas treatment system data from the ISV test will be stored

in the form of magnetic disks. The pilot-scale ISV system provides automatic data logging at

intervals specified by the operator. The computerized data include process conditions

(temperature, flowrates, pressures, etc.) and environmental monitoring output, such as from the

carbon dioxide and carbon monoxide monitors. The accuracy of the data is dependent on the

calibrations of the instruments used to obtain the data. Calibration and mainlenance_procedures are

detailed in the SAP (Appendix B) and the QAPjP (Appendix C).

7.5 ARCHIVE RECORDS MANAGEMENT

The identifteation,-maintenatice, -storage, and final clisposition of reeotdsaregoverned by the

Quality Assurance Project Plan. Section 17.0, Records, of the QAPjP (Appendix C) details the

requirements for records management.
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8.0 DATA ANALYSIS AND INTERPRETATION

--- The tTiteria for determining-the success Of this pilot-scale demonstration, and how the

results of the demonstration will be measured against the criteria, are discussed in this section. The

test objectives for the 100 Area ISV Pilot-Scale Demonstration were described in Section 3.0.

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

(Appendix B) contains additional detail.

8: i-----OB3ECTf'v'E ONB: DEMONSixAin ISV AS A STABILIZATION TECHNIQUE FOR
RETRIEVED BURIED WASTE

To meet this objective, the ability of the ISV process to eliminate potential mechanisms for

future subsidence must be determined. Mechanisms for future subsidence involve the

-consoliclatiarrof thewastmmateria}tttmughlhe elitninationo€ voidspaceeetPaszctduring Illling of

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

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

subsidence mechanisms through densincation 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 examination of the ISV product to

determine fraction void space, strength tests on core samples from the ISV product, and durability

testing of the ISV product.

Core samples of the cooled glass monolith will be collected using a rotary coring device

and then wrapped in plastic and labeled upon removal from the core bit. The samples will be

analyzed for chemical composition, strength, and durability. Vitrified product composition will be

determined by preparing the samples for analysis using either a NaHOZ fusion or a KOH fusion,

-- --and theaanalyzing the rcspltirtgsam_"utions esingthe EPA Method 6_0_10 (inducrively coupled
plasma) to determine total inorganic composition.

Vitrified product strength will be determined by analyzing the core samples for axial

compression strength (ASTM D2938) and splitting tensile strength (ASTM D3967). The

dimerisiond, shape;and-sur€ace tolerances of the core specimens as de-inea in AS1'M D4543 are
important for determining structural properties of intact specimens.

8.1



DOE/RLr93-45
Draft A

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, theabovg analyseswill-need-to-ptrsvethat the cntr samples are stable, strong, and

durable.

-R.2-----OBJE^:iivr iwO: DETERMINATION OF THE ISV OPERATING ENVELOPE FOR
APPLICATION TO COMBUSTIBLE AND COMPACTABLE WASTE

This objective will be achieved via engineering calculations and verifying the computational

prediction(s) with field data collected on a staged site within the identified envelope. In addition,

performance will be measured through the completeness of field data collected to support design of

full-scale equipment and the identification of full-scale operating procedures.

The ISV 3.01 PC model and the TOUGH2 model (both described in Appendix A) were

used to determine the operating envelope for this demonstration. This predicted operating envelope

will be verified with the field data collected during this demonstration. Field data will include data

on the performance of the ISV processing equipment. The pilot-scale ISV system is equipped with

electronic measuring devices to provide process monitoring and performance data. These data can

later be used to evaluate the performance of individual system components and help provide an

evalua,_*t;tt a °a^plic - - - both- - a computertion. Proce^cdata a_rerirecordc^i bnnn a rn_ data

acYuisi::on system altd rnariuaiiy by pctx;ess operdtors at a frequency specified on the individual

data sheet

in aidition to the data collected on the ISV processing equipment during operation, data

will also be collected from instruments placed in the soil and simulated waste. Type K and C

thermocouples will be used to track advancing melt front throughout the vitrification process and

pressure transducers will be used to monitor pressure gradients in the adjacent soil and simulated

waste.

In order to fully achieve this objective, the electronic field data collected must be sufficient

to support material and energy balance calculations on various systems, verify the computational

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

identification of full-scale operating procedures. To ensure success, "extra" instrumentation is to
be used for critical test parameters (e.g., use of two analyzers to measure off-gas composition,

extensive soil thermocouple arrays, redundant flow measurements).

o 1?
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8.3 OBJEC'TIVE THREE : DEMONSTRATE ISV ON A SITE THAT CONTAINS
SIGNIFICANT QUANTI'TIES OF COMBUSTIBLE MATERIAL

To acikieve this objective, the ISV process must at a site that contains significant

quantities of combustible materials without a molten soil displacement event (see Appendix A for

description of a molten soil displacement event). Experience with sealed containers and other

-situations that..,Ci1S£'.ak' n- the 6w of aeIikEafll the adtlanCY• rcv
melt
.-.

have
•------------- -- .,- -..- -Vfipof- fromikftu--ng ia v uik11UStlated

the potential for a molten soil displacement event. Successful completion of the pilot-scale

demonstration without such an event, combined with verification of computational prediction(s),

_J will serve as the primary measure of success for this objective.^.^.

The TOUGH2 computer program was used to evaluate the possibility of a molten soil

^-; displacement event during this demonstration (see Appendix A). According to the model, it does

wi l l ;P '---- -- - not appear that cne will ocsur. This precikctken rbe ve,,.ie A A,.u.:„ng the demonstration. In

addition, pressure transducers will be used to monitor pressure gradients in the adjacent soil and

simulated waste. This will alert operators if a molten soil event is likely to occur so they can take

the appropriate action to prevent it.

8.4 DESIGN FOR FULL-SCALE ISV OPERATIONS

- The dataobtained from the pilot-scale treatability test will be analyzed used to provide a

basis for a conceptual design for full-scale application of ISV as a stabilization technique for

retrieved burial ground waste. This conceptual design will include:

= Staging requirements for this application

• Identification of the waste form and composition operating envelope

--- ^---- ----IdPd[tiff[cation of equipment neededf'Jr'ilikS-fippliCauvn

rlnc,w^in'inn nF rho n ,.,ti.,,,,.+^.u^.a,ruvu v, ua, ^pi,,auvu
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Based on this conceptual design, costs for using ISV for this application will be estimated.

These costs will be determined for each of the stages of the full-scale operation. These stages can

be generalized into the following areas:

• Site preparation
• i^Mnce an,iinrt,snf- a aw^w ^n1uaYuavua

• Mobilization and demobilization of ISV system

• ISV operations

VY•rVlaY4a^ A4.lW YIJf/VJ4l

rs • Decontamination and decommisioning of equipment.

Costs associated for each of these stages may include elements such as labor, consumable supplies

(e.g., electrodes, HEPA filters, caustic solution, and starter path material), electricity, temporary

facilities (e.g., sanitation units, communications, and office trailers), and analytical services.

Assumptions used for this cost estimate will be clearly defined and included in this analysis.
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9.0 HEALTH AND SAFETY

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

of employees, subcontractors, and visitors from any adverse effect that might result from activities

conducted during this pilot-scale ISV demonstration test. Adherence to the guidance contained in

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

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

and the work safety plan.

9.1
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10.0 WASTE MANAGEMENT

-- -- - - The pilot-scale ISV demonstration will be performed on a staged site containing simulants

of solid waste from the Hanford 100 Area. Simulants used for testing will be nonhazardous and

nonradioactive. Where possible, simulants will be from an existing waste stream so that additional

waste is not generated as the result of this pilot-scale test. Although simulants used for testing will

--- --- --be t+.orhazardous a.n.d.n.onrawboactive, there exists the potential that secondary waste from the off-

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

the most likely location being in the scrub solution tanks. In addition, small amounts of material

naturally present in the soil (e.g., lead and arsenic) may be volatilized and subsequently collected

and concentrated in the scrub solution tanks of the off-gas treatment system. Therefore, secondary

waste-frottrthe sorub-sofutiorrtanks wili be managed as hazardous waste and treated as such until

analytical results of the secondary waste provides the basis for a different designation.

The majority of solid waste material generated during testing will be in the form of vitrified

(glass and crystalline) product as the result of the ISV process. The vitrified product and all other

solid waste generated as a result of this ISV demonstration will be managed in accordance with

annlicahle statr and frfieral remilarinnc and ani.iPlines.-rr ..b ............. ...... b....... .

Liquid waste generation or release is not expected during normal operations. Water used

=for-wrabbingand^cwlh?g€f-off-gases frotn-iheI,"Vpr€>:ess wil? 1e re:.=eulatt;d-wi'ihi n-ase.:
contained off-gas treatment system. Within the off-gas treatment system, process water containing

rttatertal :ccrubbedftnttz she off-gas stream (e.g., paracular-, and water saiuble chel,ltcals) is
collected in scrub solution tanks. During the latter stages of the test and after testing is complete,
r,heoff_ gas rrpat.nent systPtn is operated to evaporate the process water in the scrub solution tanks,
leaving a solid residue. The solid waste will be managed in accordance with applicable state and
federal regulations and guidelines once analyzed. If evaporation is not complete, and/or flushing

of the off-gas treatment system is required, then the resulting liquid will be analyzed and managed
in accordance with applicable state and federal regulations.
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11.0 COMMUNITY RELATIONS

Community relations shall be performed in accordance with the Tri-Party Agreement,

Section 10. It is expected that information regarding this study will be disseminated during the

quarterly public information meetings.

P^^z
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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 outlines any offnormal events that may have occurred, a

stttnmary_ofzhe analyses performedon_thecollected data, a results section, conclusions, and

r recommendations. The organization of this final report will be based on that recommended by the
NF-;
Cr EPA for treatability studies performed under CERCLA. This suggested organization is presented

in Table 12.1.

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

1. Introduction
1.1 Site Description
1.2 Waste Stream Description

1\N11VYfpl 1^rWlllVlVb'^' L^iXrlftlLLVll

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 Deviations from Test Plan

4. Results and Discussions
4.1 Data Analysis and Interpretation
4.2 Quality Assurance/Quality Control
4.3 Costs/Schedule for Performing the Treatability Study
4.4 Key Contacts

DeC
f\caclcnc°c$

Appendices
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13.0 SCHEDULE

13.1 WORK BREAKDOWN STRUCTURE

All work for the 100 Area ISV Pilot-Scale Demonstration is guided by the Work

Breakdown Structure (WBS), which is divided into logical, manageable elements of work. The

seven major elements of the WBS define the entire 100 Area ISV Demonstration life-cycle and are

shown in Figure 13.1, along with sub-elements. Project Management (WBS 1.0) includes all

" administrative activities for the life of the project, while the other elements are fiscal year planned

^ activities. Test Documentation (WBS 2.0) activities are currently planned to be completed by the

_-^ endof fiscal yea.r-1923; the remaining -five tasks-at+e-planned for fiscal-years 149d and i ooaT W... ....,.

..,.....
;z._2.. QrrR^-rFTI^ " F/Mrt A^TnNFQ

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

---- I;igurv-1-3?-isa-timeline-showing the desiredstart and-finish dates-for the various mlest;,nes

within each WBS element and how all the various tasks interface with each other. Table 13.1

below shows the andcipated starting and ending dates for each WBS element.

TABLE 13.1 . Schedule for WBS Elements

WBS Element Start Date Finish Date

1 .0 Fro;Prr 141anaormrnr ---- .^__... a_...-... 1 t.,/^,1Q02 t 7 i n Ion
/

2.0 Test Documentation 1 1/ / 2 10/07/93

3.0 S ite and Equipment Prep. 10 1/ 01/07/ 4

4. Operations 1 / 4 01/24/94

5.0 n^^am to Standby 0 1/25/94 9/30/94

6. Sample and Analysis 01/25/94 07/29/94

ennTtinu___r______o df11/
..
5/

i

1
v ..

n
a 2,1 1 4, 194

13.1
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14.0 MANAGEMENT AND STAFFING

14.1 KEY PERSONNEL

Table 14.1 identifies the key PNL management and technical positions and defines the

project roles and responsibilities associated with each position. Not shown are support

organizations such as Laboratory Safety and Project Management Support. These support

organizations provide key oversight of the project in specific areas and help ensure the project's

^ success. Figure 14.1 is an organization chart that portrays the line of authority for the 100 Area

^°- ISV pilot-scale demonstration. This demonstration is being performed by PNL for WHC. WHC

K̂ has overall responsibility for management of treatability tests, of which this demonstration is one.

14.2 TRAINING REQUIREMENTS

ISV operating personnel receive job-specific training at both the laboratory and center

levels. In addition to this training, each operating staff member will receive on-the-job training and

be required to know and understand the material contained in the this test plan, the SOP, the

Engineering Ar.alfsis (-Appendix-A);-ttte-Health-attd Safety Plan, the Radiation Work Procedure

(RWP), and all other documents and procedures required as training for specific tasks. All

relevant documents will be posted in the process trailer at the test site during operation.

Training docu...enta.:on is maintained by the training coordinator for the Waste Technology

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

center-training coord.inator. The TSV site rqnitn,ment supervisor will conduct a review with all
operating personnel to ensure familiarity and understanding of operational equipment and

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

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

personnel. Not all of the Mining listed is required, depending on the responsibilities of the
individual.
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TABLE 14.1 . Responsibilities of Key PNL Personnel

P i ' n Responsibilities

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

Project Manager Interfaces with WHC project lead and provides bimonthly reports of
activities. Provides overall PNL direction of the project and day-to-
day activities necessary to accomplish all project objectives. Has
direct contact with the PNL quality engineer. Coordinates all quality
control (QC) activities including scheduling, preparation, and
submittal of QC samples to PNL, and evaluates the results. Transmits

^= documents and records to WHC at project completion. In addition to
^ these QA responsibilities, the project manager is responsible for the

overall technical direction, managing and leading the project team,
` budget/schedule management, and information exchange.

Quality Engineer Provides the project manager with QA requirements, interpretation,
Zrl and implementation assistance. Provides for QA training as
01' necessarv. Provides for independent quality assurance reviews,

surveillances, anddata qualiiy and traceability audits. Is responsible
for reviewing and has sign-off authority for QA project plans.

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

Research Engineer

Site Equipment Supervisor

Shift Engineer

Onerntnrr-

Operating Personnel Includes site equipment supervisor, shift engineer, and operators.

1 A ^
LY.G

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

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

Is responsible for the operation of the pilot-scale system during an
9QQ,OTPI^ TPTnI^ nf fimn

-Provicles-technical support during-system operatio.n..

,,..^. . ..,. .. ... ... ., ^.. ._.._ _....,
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FIGURE 14.1 . rNi, Organization Chart for ISV Demonstration with WHC and DOE Interface
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T-ABLE 114.^ - Training Classes

Class Description

Hazardous Waste Management Annual: This training covers hazardous and mixed waste
pwefh TMs and issues and regulatory requirements applicable to
PNL operations.

Emergency Procedures - -

ISV Operating Procedures/
Test Plans

=atorCw^e O.

Forklift Operator

Annual or when changes are made, whichever is more frequent:
This training shall make the employee familiar with the written
building emergency procedures.

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

Triennial: Instructs personnel in safe operation of cranes.

Triennial: Instructs personnel in safe operation of forklifts.

General Employee Biannual: This course gives the staff members information
Radiological Training/ on the basic characteristics of radiation: natural and man-made
Radiation Worker II radiation sources, biological effects and risks of radiation

exposure, ALARA, contamination control, and warnings and
alarms.

NCRP Report 39 Initial: Required for female radiation workers only! The briefing
informs the female radiation worker about the potential hazards of
radiation to females of reproductive age.

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

40-h RCRA/CERCLA At least 40-h initial and 8-h annual refresher: This training
Certification is designed to enable employees to perform their assigned duties

in a safe and healthful manner so as to not endanger themselves or
other employees. This training meets the requirements of 29 CFR
1910.120.

8-h RCRA/CERCLA This training is designed to enable supervisors to perform
Supervisors Training their assigned duties.

Hazard Communication Initial: This course familiarizes the employee with his/her rights
under the right-to-know status. Information on material safety
data sheets and their availability and on standard industrial hygiene
terms is also covered.
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15.0 TEST-SPECIFIC PROCEDURES

The SOP (Powell 1993b) details the general operation of the existing pilot-scale ISV

system. This section includes specific operating procedures for this treatability test. These specific

procedures include the waste simulation, the power requirements for the operation of the pilot-scale

system, the use of the water spray system to help control the off-gas hood temperature and

pressure, and the use of a passive vent to control the off-gas hood pressure.

15.1 WASTE SIMULATION

RF The pilot-scale ISV demonstration will be performed on a staged site containing simulants

of solid waste from the Hanford 100 Area. Simulants used for testing will be nonhazardous and
-

nonradioactive. Where possible, simulants will be from an existing waste stream so that additional

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

-- --- --- - - -_-The-threetypes-ofcolidwaste .citttulants will be-combustibles (e.g., wood, paper, personnel

protective clothing), metal (e.g., stainless and carbon steel, aluminum), and soil. The target

simulated waste composition is

S^vil: b3 wt% C^viubusubie: 12 wt-"'io 111-c`wi: 25 wt-io.

Of the metal fraction, as much as 50% may be aluminum. This aluminum loading represents a

potential scenario for full-scale application of ISV to solid waste from the 100 Area.

As material is collected, the type, weight, and estimated volume will be recorded in the
LRB. Material will be stored at the 300W site before placement. Placement of the material into the

staged site will be performed in a random manner and done after instrumentation has been placed
into the site to be vitrified. Photographs will be taken periodically to document the placement of

waste_into thesite.Inaddition, visual observations will be recorded in the LRB (e.g., location of

pockets of similar material, type of material surrounding instrumentation).

15.2 POWER REQUIREMENTS

-----Tlte-startup activitiesoutlined in the-SOPwill-be follawed-to power up the piiot-scaie iSV
equipment. The desired nower level (- 250 kW) must be able to maintain a melt rate of 2.5 cm/h

15.1
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and maintain the soil pressure below the static head of the melt. During the demonstration, if one

of the above stipulations is not maintained, the power level will be adjusted as necessary. For

exatnple, if the melt rate is greater than 2.5 cm/h, and/or if the soil pressure becomes greater than

the static head of the melt, the power level will be decreased.

The melt rate will be measured by ttacldng soil/waste temperatures with type K and C

thermocouples and noting the position of the electrodes (with the electrode feed system, an estimate

of melt depth at the electrodes is possible by noting the amount of electrode that has been fed into

Cra
the melt zone). Once a type K thermocouple reaches 1200°C, it is estimated that the melt front is

within centimeters of the thermocouple. Temperature readings beyond 1200°C are not reliable due

to the limitations of the isolation devices typically used. Type C thermocouples have a maximum

-ogeraung te..,pera.^,;.ree of greater than 2000°C. This is considerably higher than the temperature

maintained in typical Hanford soil melts (1400°C to 1600°C). Based on the position of the

thermocouples, the melt rate can be estimated by noting the time for the melt front to reach adjacent

thermocouples.

The surrounding soil prsssure lvill be measured with-anarray_ of reccure sensors, -'I'hese

sensors will be housed above ground and connected to sampling points via tubing because 1) the

pressure sensors are not of sufficient durability to be buried in the soil, and 2) if buried, the

expected soil temperatures place the sensors outside their operating range. The surrounding soil

pressure-wil'.-be compared-to-ttie-static head-of the-advancingISV rneit: The stauc head of the melt

can be calculated using the following equation:

static head = (molten soil depth)(melt density)(gravity)

Molten soil depth will be based on the process depth (as indicated by the electrodes and soil

thermocouples) minus the estimated amount of subsidence (as observed visually with via the

camera or viewport). Appropriate unit conversions will be used to convert the static head to the
same units as the pressure sensors.

-15.3 WATi;.i2-SprcAY

A water spray system is to be used as the primary mitigator for combating high heat loads
in the off-gas containment hood and as a secondary system to combat positive pressures in the off-
gas containment hood. The water spray system was designed to remove energy from the gases in

15.2
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the off-gas hood by evaporative cooling, thus mitigating the pressure and temperature increases

associated with transient gas releases from the ISV melt (Luey et al. 1992b). In addition, the water

spray-systetn can be used in a-semi-continuous oreonti:.uous mode to combat elevated steady-state

heat loads in the off-gas hood. This latter use of the water spray system will be employed for the

100 Area ISV demonstration.

The premise for the water spray concept is based on the ideal gas law in which pressure is

proportional to temperature for a given volume and number of moles. During a transient event,

water is sprayed into the off-gas hood to remove energy from the gases in the hood. Energy

transferred from gases within the hood is used to vaporize the added water. This energy transfer

leads to an overall temperature decrease in the hood plenum. As a result of the temperature

decrease, the pressure within the off-gas hood also decreases.`

The water spray system employed during this demonstration will include three conical
L;" spray nozzles equally spaced from each other around the perimeter of the off-gas hood. The

nozzles are connected to the water supply line via solenoid valves. The water supply line is

connected to a water pump in a recirculating mode. This configuration will maintain adequate

pressure in the water supply line and ensure. that there will not be a significant lag phase upon start-

up of the water spray system. Figure 15.1 is a schematic of the off-gas hood with spray nozzles.

The water spray system will be set up so that the nozzles can be triggered automatically

when an off-gas hood temperature setpoint has been reached, or manually if needed (e.g., the

--- water- spray systett+irould be uggered .:,an.ua:Iy to combat pressurization of the off-gas hood).
Figure 15.2 is a schematic ofthe flow and control setup for the automatic operation of the water
spray system. Water from a 57-L tank will circulate through a 38-L/min, 220-kPag pump until the
hood skin temperature reaches the setpoint value of 425 °C. This setpoint temperature is lower

than the 470 °C continuous operating temperature design limit of the off-gas hood. Once the set-
point temperature has been reached, a signal will be sent to a three-way switch that will trigger a

'F ^ -i nnv nt?rrcc-^u,r open " nt^ vafv,, c on inn, ,,,,, z i..,s so that water can be sprayed onto the off-gas hood for the
duration-set-on-ttte timer:--Initialls;dhe timer wilt be set-to aiiow for a 5-s water spray pulse.- If this
proves insufficient to combat the heat load in the off-gas hood, then the cycle will repeat. Frequent
actuation of the water spray system may indicate that the timer duration is too short. If the system
is triggered three times in one hour, then the timer setpoint will be increased in increments of 5 s.
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FIGURE 15.1 . Schematic of the Off-Gas Hood with Water Spray Nozzles
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The-automatic-releaseef :vater-for-rimed-periods-may-beinsuffcient-toeo„-,bat high heat loads in

Ste off-gas hood if the auto,,auc water spray system begins to continuously cycle, or if the scrub

tank liquid temperatures become excessive (greater than 60 °C), the automatic system will be shut

-- -- down andthe_water-spray valvesopetaiedmanually_tomaintainthedesited-temperatures in the off-

gas hood and-off-gas treatment system.- Table 1 5.1 shows the operating criteria for the water spray

system.

15.4 PASSIVE VENT
,... ,

VXJ A passive vent is to be used as the primary mitigator for combating pressurization of the off-

® gas containment hood. This passive system consists of a 30-cm diameter pressure relief line,

HEPA filter and housing, and one-way flow damper. Figure 15.3 illustrates the components of

the passive vent system. The one-way flow damper will ensure that flow through the pressure_,,
t- :elief iine-is Gut of the of,`-gas hood or,iy. -The HEPFi filterwili provide a means for capturing

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

TABLE 15.1 . Water Spray Operating Criteria

1. Setpoints (Automatic Control)

• riood sicin temperature = 425 `C

• Timer = 5 s (initial)

• Water flowrate = 4.6 Umin (total)

2. Criteria for Changing Timer Set-Point
• Increase timer duration if water spray is

triggered three times in one hour

3. Criteria for Switching to Manual Control

• Scrub solution temperature _ 60 °C

• Water spray actuation is continuously cycling.

15.6
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FIGURE 15.3 . Schematic of the Passive Vent System

15.5 VOID SPACE MINIMIZATION

- _A key-testob;e ave_for_ he 100 Area ISV demonstretion is to demonstrate ISV as a physical

stabilization technique for retrieved buried waste. Performance will be determined by the ability of

__the_ISVprocess to eliminate potential mechanisms for future subsidence. Mechanisms for future

subsidence involve the consolidation of the waste material through the elimination of void spaces

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

the tesult of decomposition and degradation of the waste material. The ISV process eliminates

these future subsidence mechanisms through densification and the creation of a stable, durable

product.

-
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testsite, theae eatists the possibility that the final ISV product may contain a higher void fraction
than desired. The ideal final product should contain zero void spaces, thus eliminating a potential
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mechanism for future subsidence. Gases generated during ISV processing may create voids in the

final product by becoming trapped in the glass during processing or during product cooling. The

likely area for void space formation is the cold cap region. This region is at the surface of the ISV

melt and is often cooler than other parts of the melt due to heat loss to the off-gas hood. Since the

region is cooler, the viscosity (and surface tension) of the material is higher than other portions of

--- -- --- ---- -the-ISV -melt.--This :ncreased viscosity does t:ot allow gases to pass through it, thus

trapping gases in the final ISV product.

To minimize the amount of void space in the final ISV product, the electrodes will be

r gradually withdrawn (with applied power) from the ISV melt upon meeting the three test
kM

CDC- objectives. Power will be reduced to a total of 100 kW and the electrodes withdrawn at a steady
rate of 30 cm/h. This procedure will minimize the amount of void space in the final product by

'.h,.-k . . . . .,'Iowu:g.ilt4-gaw£-.generateddt,r'sgdSVprtx."`ess*rggreatertttnetcsc;...t;h li llIV1WI3 JV31

zone, and.,.a^
CY '--- --heating the upper-tegions-of the molten-vone; thus decreasi:.gthe viscosity and surface

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

The rate of electrode withdrawal will not be greater than 30 cm/h but may be slower. The basis for
slowing the rate of electrode withdrawal will be either temperature readings from key components

of the off-gas hood (e.g., temperature of the off-gas skin near the electrode feed point, the

temperature of the material composing the electrode seals) or resistance produced from the
viscocity of the ISV melt.

15.8
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1.0 INTRODUCTION

The purpose of this Engineering Analysis of the 100 Area ISV Pilot-Scale Demonstration is

to address any potential test specific events that may occur during this treatability test that are not

already covered in existing operating procedures. Although more than 150 individual tests of the

ISV technology at various scale have evaluated the efficacy of the technology to treat a broad range

of contaminants and solid media types, this particular demonstration will be the first application of

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

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

iisnford soii, 12 wtio combusribies, and 25 wt% metal. 1liese target weight percentages were

determined based on the estimated 100 Area solid waste disposal site contents, computational

modelling, and engineering calculations. The combustible waste will be composed of rags,

r y. clothing, paper, and other soft material while the metal will be composed of aluminum and steel
(mixture of stainless and carbon). Whenever possible, solid materials selected for the 100 Area

pilot-scale demonstration will not only be tepresentativeof the materials buried in the 100 Area but

aiso be iepresentaiive of the expected geometries of the solid waste. HazarYlous and radioactive

materials will be excluded from this pilot-scale demonstration.

1.1
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2.0 NORMAL OPERATING PROCEDURES

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

equipment are described in the supporting document, Safe Operating Procedure (SOP) (Powell

1993). The SOP includes start-up, operating, and shutdown instructions as well as a description

of potential system failures, consequences, and required operator actions. These potential system

failures, while not standard, are andcipated in advance of their possible occurrence during the ISV

process. These andcipated system failures include such things as: electrode failure, loss of power,

00 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

^^f temperature, failure of the process off-gas heater, off-gas hood pressurization, low and high scrub

tank velumes pracess-pipittg-leaks I:E.°A filter sr"̂ tem high pressure droPequipment restart,

excessive hood temperauttes, and loss of insaument(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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3.0 TEST SPECIFIC POTENTIAL EVENTS

`

The high combustible and metal loading that will be present in the simulated waste for the

100 Area ISV pilot-scale demonstration represents a different setting relative to processing only

soil. Therefore, several test specific potential events were considered based on these differences.

Table 3.1 shows each of these possible events, their causes, and any primary and secondary

consequences. The remainder of this section provides a brief discussion about each event.

TABLE 3.1 . Test Specific Potential Events

Potential Events Causes Primary Secondary

Consequences Consequences

High Heat Load • High Combustible Exceed Design Limits • Exceed Design
Loading for the Off-Gas Hood Limits for External

• High Aluminum Devices
Loading • Cesium Volatility

lect;tcal horttttg M -^ --H:gh Metal L-oadtng ^ ^xceed T-stgn Limits ompromised afety
Melt Causes Separate for the Transformer

Phase in Melt
Loss of Hood High Combustible Exceed Design Limits None Identified

Vacuum Loading for the Off-Gas Hood
High CO/CO2 Levels High ombustible ompromtsed Safety None Identified

Loading
Outward Growth of High Combustible Reduction in Hood Compromised Safety

Melt Loading Vacuum
Underground Fires High Combustible Escape of Untreated Compromised Safety

Loading Off-Gases
Molten Soil • Htgh Combustible • Exceed Design Hood Pressurization
Displacement Loading Limits for Equipment

• Excessive Melt Rate • Compromised
Safe

Inabtltty to Sustain Aluminum Oxidation Unable to omplete •Thermite Reaction
the Melt Resulting from High Demonstration •Hotter Off-Gas and

Metal (Aluminum) Plenum
Loading • Exceed Design

Limits for the Off-
Gas Hood

•Compromised
Safety

3.1
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3.1 1-117t1 tfCA1 LOAL

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

00
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 INEL tests. This increased plenum temperature may
e-!
^^r increase the temperature of the off-gas hood skin and approach the steady-state design limit.
- ^..,

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

melt temperature. This possibiliry 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 ,o..^ults in somewhat higher melt temPeratures and longer melt

times required to accomplish melting. This increased melS temperatumivould cause a higher heat

load to the off-gas hood through convective and radiative heat transfer.

The pritttary-consequence-from-a-high heat-loadscenar.o would be-exceeding the desig°„

limits of the off-gas hood, thereby possibly compromising its integrity. Once compromised,

untreated off-gases may enter the environment if the off-gas hood is pressurized to a pressure

above that of the ambient environment. For this pilot-scale demonstration, a release of untreated

off-gases pose a minimal safety threat because all the simulated waste will be non-regulated, non-

hazardous, and non-radioactive (major safety threat would be exposure to hot gases escaping from

the off-gas hood).

Secondary consequence nf-a high heatloadin-the-off-gas.hood wouldbe-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 µCi) 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 itrequires 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 volatiliration 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
^.^
c^s

_The_highmetaLloadittg (,=25 .vt-%n^in the_simulatedwaste fstrshis demonstration may lead

to electrical shorting in the melt. Metal, which has a much higher electrical conductivity then

molten soil, can decrease electrode voltage when present during ISV, and in extreme cases it can

result in a short circuit. As the melt grows and proceeds downward through a metal object, the

metal will melt and settle at the bottom, resolidifying if the temperature is below the metal's melting

point. As the metal pool grows and the fraction of electrode spacing occupied by metal increases,

the power and voltage decline gradually until a short circuit occurs.

The primary consequence of this electrical shorting would be to exceed the design limits of

the transformer. This could result in blown fuses and tripped breakers requiring increased access to

me transformer cabinet. This increased access to the transformer cabinet brings about a secondary

consequence of compromised personnel safety because parts of the cabinet are energized.

3.3 LOSS OF HOOD VACUUM

The off-gas hood is maintained at a vacuum (3.8-cm wc average) in order to route off gases

through the off-gas treatment system. Previous ISV melts performed at INEL on waste containing

combustible material (1 - 3 wt%) resulted in relatively slow developing pressure spikes (Callow et

al. 1991). The mechanisms by which the off-gas hood may become positively pressurized are as

follows: 1) a net energy increase of gases in the hood caused by either an addition of hot gases

from the ISV melt, combustion or pyrolysis gases in the hood, or increased radiant and convective

heating of gases in the hood due to changes at the melt surface, 2) a net increase in the number of

moles of gases in the hood, and 3) a net increase in both the energy and the number of moles of

gases. The simulated waste used in this

3.3
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100 Area demonstration will contain a much higher combustible loading (12 wt%) than the INEL

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

As with the high heat load, the primary consequence of a positive pressure event would be

exceeding the design limits of the off-gas hood, thereby possibly compromising its integrity. A

-- -- ---- ----- --^mporaty-ptt;sstttizatioo the off-gas-hood-toa ptgsstue above that of the a.:.biet•.t environment

es.^,^,--

Y` C

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 Hia^rH CO/CO2 ElviiSSi^vP1S

*^-
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 ofeombustibles (12 wt%}, Ehe.;, is a possibility that the CO/CO2 emissions

During the full-scale application of this demonstration, a negative consequence of high CO
levels could be exceeding the 40 CFR limit of 100 tons per stack per year. If during the pilot-scale

demonstration the CO emissions turn out to be high, mitigating factors will need to be addressed in

order to control this during the full-scale application.

3.5 OUTWARD GROWTH OF MELT

-- ------ -- ------ -- ---Durir+g-the-ISV- proctss, the ISV melt p:vpagatcs bat,i vertically and laterally via heat

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.

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

3.4
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rate of melt growth downward is greater than the rate of growth outward. As the process

p*-+og*_+Psses, the ratio between the surface area of the bottom of the ISV melt and the surface area of

--- --- ---- --- -the-sides-of-theIS-V-meltdecrgases, resulting-inamore uniform downward and outward bowth

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

^ ni ¢ fr rtiA motP,, lc ^.e nn,. .

[-.f_f . -. , , - .. , • •

^ --- --wouta tttc^..ase the mett-^wtn-tn*.o-teg!ons-cont a..t...nb such -in 41..uenr.es.,. If the ..........a.., ^.,, ..,,.

° --t:^.iformly distributed throughout t.he waste-site;-then p.re.I.,s.ual f:felt pa•uls may be established.

E"` 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...,
ieusedforthe demQnstrationwill be rnncessed more easily than Hanford soil and may create a

ptefetlential path-forenelt growth along the-axis of the si.^tulated waste tte:.ch.- If ihe growth alcr,g

these paths is excessive (i.e., approaches the boundaries of the ISV off-gas hood), then the

primary consequencemay 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

-----iT^^er frPS is a tPrt,riral issue identified for buried waste applications such as thase
predicted at the iNr.i (Iviciceison, i.uey, 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
----_-- ntay-create conditioats conducive for underground-ftrr,s -t.hat 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 woridng around the ISV
hood. The former consequence is not an issue for the pilot-scale test since nonregulated,

'i 5
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-nonttazandous;-and no^.tadioac tive-ma;erials^Ml1-be-,tsed for-testing.- The-letter, however, may be

of concern since the products from combustion (CO and C02) 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

_---iboiling-atd combustibles-are°ombusted orpyrolyzed (depending on the availability of oxygen).

Both of these processes produce significant quantities of gas beneath the ISV melt. If the

petmeability of the soil is low due to its tight structure, or the presence of solid regions (e.g., metal
CX_j

drum, concrete wall, etc.), the gas generated can cause a significant increase in pressure below the

melt. When this oressure becomes Sreater than the static head of the melt, there is the possibility iti

can rupture the sintered soil layer sutmunding the melt and send one or more bubbles of gas into

c+-- -°^ °-- - the melt. As rhe bubbles ,isP through the melt, their volume increases due to both decreasing

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

reach the surface.

The presence of bubbling during the ISV process in itself is not an issue. However,

problems can arise if the bubble becomes large (>2 meters in diameter). This large bubble volume

displaces an equal volume ofmelt, causing themol-ten 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

Corporation 1993) and the other a 3.0-m-diameter tank (Tixier, Corathers, and Anderson 1992).

-- - - - - - - - - - - - - - - - - ----The primary consequences-of such a scenario is to compromise personnel safety and exceed
the design limits of the off-gas hood. In addition, a secondary consequence of a molten soil

displacement is the potential for an uncontrolled release of contaminants into the atmosphere as the

off-gas hood is pressurized. As previously stated, the latter consequence is minimal for this test

since the simulated waste does not contain any regulated, hazardous, or radioactive material.

3.6
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The 100 Area trenches contain a significant quantity of aluminum (= 15 wt% of the waste

inventory, exclusive of soil). Questions about the influence of the aluminum on the ISV process

arose because no p°.wi^,s 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 ofjoule-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 therefotvchange thepropertiesef the ISV melt.- The-primary-consequence

from this aluminum oxidation would be the inabilitv to complete the demonstration due toa change

in properties that lead to an inability to sustain the melt. y

One secondary consequence of the oxidation of aluminum in the waste is the possibility of a

thermite reaction. A thetmite 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 02 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

tbeoxidesof many metals, that both the liberated metal and the alumina produced in the reaction

reach a sufficient temperature to melt them and possibly cause an explosion. If a thermite reaction

were to occur during the ISV melt, it could cause a hotter off-gas plenum, possibly exceed the

design limits of the off-gas hood, and potentially compromise personnel safety.

Another secondary consequence would be the formation of a final product that did not meet
test objectives. If the aluminum becomes an oxide at the expense of oxides already present in an
ISV melt, there is the potential that the final melt composition would not be conducive to a durable

----- -- -- --- --- glaxs-and-may-not fer-ma-b!ass n.;l?.- T"°f;s:.'-p.DducES".n.guh may also b.°, co..^promised.

3.7
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4.0 MITIGATING SYSTEMS/PROCEDURES

Once the potential test specific events from Section 3.0 were identified, potential mitigators

for these events were addressed. This section defines and identines all the mitigadng

systems%procedutes that will be used to help prevent and%or control the potential events defined in

section 3.0. Table 4.1 shows which potential events will be mitigated (prevented or controlled) by

each system/procedure.

r-^
^

'If

[41

TABLE 4.1 . Potential Mitigators

..rt:: wet:s °oter^:a7 :,itigators

High Heat Load Control Zone
Reduction of Power

Water Spray
En 'neerin Calculations

Electrical Shorting in Melt Reduction of Power
Electrode Feed System

Loss of Hood Vacuum Control Zone
Reduction of Power

Water Spray
Passive Hood Vent

En " eerin Calculations
High CQ/CO2 Levels Reductton of Power

Monitor in Control Trailer and at Stack
En 'neerin Calculations

utward Growth of Melt ontrol Zone
Reduct:on of Poe;Ner
Monitor Melt Path

Random Placement of Waste
Video Camera

Size of Hood» Size of Trench
Underground Fires Control Zone

Reduction of Power
Monitor Melt Path

Size of Hood» Size of Trench
Molten Soil Displacement Contro l

-Reduciion of Pnwer
Modeling

Add Soil Berm Inside Hood
Video Camera

Soil Pressure Measurements
Inability to Sustain the Melt Bench-Scale Test

En ineerin Calculations

4.1
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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

^i;<,-petsonQel frpm_anyittjuries duringa_higttheat lnad and/or Inss 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 €r.>tr. thecontrol zonc. Al visitv. is defined as an individual

who has not received ai 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
rv', e

hood, high CO/CO2 levels in the off-gas treatment system stack, an outward growth of the molten

ZZ, zone, underground `nres, and/or a molten soil displacement event.
Q^

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 volume and number of moles. During a transient event,
- J • L -fG _ L J _ 1 . ' , ,w .- w-ater tasFnayeu inur the uci-gas ncxxrfe'tgtttove Eitergy-frorn 4cte gases in tne,hooa. rtms energY

transfer leads to an overall temperature decrease in the hood plenum. As a result of the temperature

decrase, u,e pressu,^ W:,in 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 CO2 and H2 gas as per the "water gas shift reaction":

CO(g) + HZO(g) -------> COZ(g) + H2(g) ( T= 250°C, iron oxide catalyst)

4.2
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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 a direct short), the electrodes can be gripped and retracted out of

the shorting condition without process delays or lost time.

4.5 PASSIVE HOOD VENT

A passive hood vent will be included in the design of the off-gas hood to prevent untreated

off-gases from entering the environment when a positive pressure event occurs. The vent will

consist of a iiapper vaive and'rffiPA filter housing. The flapper valve will allow flow out of the

hood only, while the HEPA filter will remove particulate. Allowing increased flow out of the off-

gas hood will reduce the positive pressure attained during an event.

In addition to this passive hood vent, there is also an existing seal pot assembly system on

the off-gas hood. This system allows for controlled air in-leakage and hood vacuum control. The

seal pot assembly will be checked every hour and if the water level is low it will be adjusted as

r,ecessary.

---- ---- --- 4.r^- ^rnnn rnu rni CON":':?OL 'rR en Fn e i.m e r c-rACK,.. .. ".. .. ^ . ., .

CO and CO2 emissions from the off-gas will be monitored at the stack. In addition, CO

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

- -
- - :- -I'oi^.,,nw for " ..1S rCQ..L.n .Lh„eTh€':St3£3id ^,inli'̂rValueS^OrCi----- - L:!!. These are 1. -^.- - ^tetFrlCa1SrrUbSfanC2Sand

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

Gathering good data on the CO and CO2 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, c

29 mg/m3 229 mg4m3 1740 mg/m3
25 ppm -2w pp^T. 1500 ppm

a) PEL (Permissible Exposure Limit) = The time weighted average concentrations that must not be
exceeded during any 8-hr work shift of a 40-hr work week.
b) CL (Ceiling Limit) = The limit that should not be exceeded during any part of the workday
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
without experiencing any irreversible health effects.

r^
4.7 MONTTOR MOLTEN ZONE

Type C and type K thermocouples will be used to monitor the molten zone. The
w.^

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

nres.

4.8 RANDOM PLACEMENT OF WASTE

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

concentratiott-of combusdblesa onearAmarea. -This will-min:mize ou^wa. bwthof the melt by
avoiding the creation of preferential melt paths. This placement of waste is also more

representative of full-scale, in which earth moving equipment would be used to stage sites.

4.9 MODELING

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

4. 9.1.1 Modei Overview

---- -- --- --- --- ---The iSV 3.01-PCmodel 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

4.4



DOE/RL-93-45
Draft A

- settittgs):--During-operaticn-of-the program, the ISV ,:telt-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 = cuaent.

The resistance is calculated between edge electrodes (Re) and diagonal electrodes (Rd) as described

by the following two equations:

ln(2SefD)

^ p rzDg

ln(Sd/D)
Rd = p rzDg

where:

p average electrical resistivity of the glass

------- •
..

,^^^•^^ ^^^^-------- - e=-elecacd° separation aaVIls the cu6c

Sd = diagonal electrode separation

D = electrode diameter

Dg = molten glass depth.

The overall melt zone resistance is then calculated by:

RdRe
Rd+ Re

The mathematical model calculates heat losses through the exposed upper surface and into
the surrounding soil. Heat losses into the soil are calculated using a constant heat flux value
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applied to the molten zone side and bottom surface area in contact with soil. The surface heat

iosses are deter^ined-in a simiiar fashion using the area defined by the four corner electrodes for

data. Using an average soil thermal conductivity of 0.20 W/m•K, the heat flux from molten glass

to surrounding soil ranged from 2.3 to 3.2 kW/m2. The maximum value, 3.2 kW/m2, was

conservatively selected as the heat flux term for heat losses into the surrounding soil. Based on a

measured nominal surface temperature of 570'C, the heat flux through the upper surface was 32

kW/m2. This value agrees with actual pilot-scale test data and was selected as the surface heat flux

term for the model.
..Tz

_Tltdmodel assumes that a.otacc temperature was constant and thermal conduction of the_..., .,.
CM

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-
r
w scale data.

49,1,2 Results from tSV Computer Model

The ISV model estimates that the melt width upon completion of the demonstration would

be about 3.2 in. This is narrower than the base of the ISV pilot-scale hood which is about 4.3 in.

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.

-- ----Figtitt; 4.1 shows the projected melt depth and width as a function of time and Figure 4.2 shows

the projected melt shape after 60 hours of run time. It should be noted that the model assumes a

homogeneous soil; therefore, the shape and 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

haza.uous condition.
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4.9.2.1 Model Overview

TOUGH2 is an unsaturated groundwater modeling code, capable of treating non-isothermal

problems, developed by Karsten Pruess at Lawrence Berkeley Laboratory (Pruess, 1987, 1990).

TOUGH2 treats unsaturated groundwater and gas flow in response to pressure, temperature, and

liquid saturation gradients. It also computes the change in phase between liquid and gas and

includes models for relative permeability and capillary pressure.

Although TOUGH2 code was not developed to model complex chemical reactions, it does

allow for injection of gas, liquid, and heat into any number of locations. This feature was used to

approximate the introduction of pyrolysis energy and byproducts resulting from the exposure of

^ the organic waste forms to the high temperature ISV melt.

c'i The ISV processing of waste from the 100-B/C trench was modeled with as much realism^-;-- - --
as possible. The model included representations of the melt (with moving melt front), pyrolysis of

organic matetials, off-gas hood at the soil surface, and the thermal-hydraulic phenomena occurring

in the soil. The phenomena occurring in the soil surrounding the melt typically mimic the

approximately nemisphericai shape of the meit, and there is little variation around the perimeter of

the melt To take advantage of this symmetry, the simulations used a two-dimensional wedge from

a spherical coordinate system. Several simulations where run using this 2-D model.

4.9.2.2 Input Parameters

Properties from soil typical of the ISV site in the 300 Area of the Hanford reservation were

---- --- -- -- -- --used-for t#tesg models -Fxpe^me.^.tally measu.;,d hydraulic properties and approximations for the

thermalpmperaes are entered in Table-4-1 (Rockhold, et a1.,1988, and Hillel, 1980). The soil was

assumed to be 82% gas saturated and at 15 'C and 101,350 Pa (approximately atmospheric

conditions) before the vitrification process was initiated.

The advancing ISV melt front was considered to be an impermeable boundary to gas and

liquid flow and maintained at 1300 T. The melt front was assumed to move at 2.5 cm/hr (which

is typical for pilot-scale ISV operations), approximated by a step-wise process.

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

contatttinantsoriginadng from the melt a:,d the spi( su..qunding the melt into the off-gas treatment

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

4.8
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TABLE 4.3 . ISV Site Soil Properties

Absolute Permeability 1.01e-11 m2
Grain Density 2720 kg/m3
Porosity 0.398
Thermal Conductivity 1.305 W/m 'C
Specific Heat 800 J/kg 'C
C:anillary PressurP and n. = 5 175 1 /Pa

icciauvc Pencabuity n = 2.6889
(VanGenuchten functions) Sr = .214

Ss = 1.0
Pm^ = 1.Oe+5 Pa

maintained_ata partial vacuumof -0.25 cm H20; and 200'C. These numbers are based on typical

large-scale, ISV hood operating conditions (Buelt, et al. 1987). These assumptions are worst case

because the pilot-scale ISV system usually runs at a higher vacuum than that of the large-scale ISV

system, reducing the soil pressures beneath the melt.

To model the waste in the simulated trench, assumptions were made about the amounts of

various constituents present. The constituents modeled were metal (12% by volume), combustible

materials (68%), and soil (20%). Computational cell sizes were defined with approximately 6

inches on a side to model the expected scale of the waste pieces. The cells of the model falling

within the trench region were randomly assigned one of these material types, preserving the

assumed volume fractions. The nodes assigned with the metal material type were assumed to have

small soil inclusions, making them only slightly permeable to fluid flow. This assumption was

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

flow in the soil. The metal was assumed to have thermal properties midway between aluminum

and steel. It was also necessary to make the combustible nodes partially permeable to fluid flow.

A permeabi}ity halfthe PRagttiN'c,ettf soil was used ur tne eciitibustibie nodes.

4.9.2.3 Pvmlvsis MrxiPl
------ J---J -------

When the solid_organicwastes1such as_woodand paper)-inthetrenchbeneath-tha ISV-melt
reach a certain temperature, they will begin to pyrolyze. In this process the solid waste forms are

converted to gas. Combustion will probably not occur because the gas surrounding the melt is

predomtnantly=.vater vapor and dc lia.i°ci,t ui i,ic oxygen necessary for combustion.

A !\
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Some experimental data is available on the products typically created during slow pyrolysis

processes. Below 200°C, water vapor leaves the organic wastes, but no pyrolysis occurs. Above

200°C, pyrolysis-oocurs withtypicaf products asshowrrtrelow inTabie 4.4(Emrich; 1985,

McKeogh et al., 1985, and Schiefelbein, 1985). The slow pyrolysis process is endothermic,

requiring energy from its surroundings. Experimental data indicates that the required heat of

vaporization is approximately 710 kJ/kg.

T01UGH2's abiiiry to handie mass sources in the computational domain with specified

t^tassflowrates and specific enthalpies was used to model the pyrolysis process. To use the

CDO pyrolysis data in the TOUGH2 code model, some assumptions and approximations were made

e specifying the regions of the trench undergoing pyrolysis and what gas generation rates and
^.̂ enthalpies were produced.

Figure 4.3 shows a typical temperature profile in the soil outside a moving ISV melt. This
profile was calculated by TOUGH2 assumin a 1 in./hr melt ro ssion rate and soils typicalg p gre of
those described in Table 4.3. Computational nodes for this problem were typically 6 inches on a
side. Three of these nodes are represented in Figure 4.3 as node 1(closest to the melt at

approximately 900 °C), node 2 (between 6 in. and 1 ft from the melt at 450°C), and node 3 (1 ft.
to 1 ft. 6 in. from the melt at 250°C). From this figure, it is apparent that only the three nodes

TABLE 4.4 . Typical Pyrolysis Products

Between 200°C and 500°C:

20% (by volume) light organic smoke (ie. methanol, phenol, etc.) with
_ molecular weightc ranoina from 30-200 and averaging 100.

35%%n_ as in the fnllnwinu nrmrnraorc•
50% CO
20% CO2
15% H2
15% Methane and ethane

10% water vapor
35% solid char

Above 500°C, the solid char breaks down further into:
85% (by volume) gas (CO, CO2, Hz, methane, and ethane in the same
nercentaves as ahnvel
r----- a--°-"---^
15% water vapor

4.10
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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

assumed to be consumed in each of nodes 1, 2, and 3 during a 6 hour period. This defined the

volumerteof-gas generation for each ofthe-nodes. To convert this to a mass generation rate, a

density of 400 kg/m3 was used for the solid, organic material. The pyrolysis gas mass

flowrate was then calculated as:

mges = vol *Psaiaheun,

where: vo1= volume of the specific node

Psolid = 400 kg/m3, density of solid organic waste

tbur„ = buin duration time (typically 3 hours)

4.11
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The specific enthalpy of the pyrolysis products was found by volume weighing specific

heats of the species making up the gas and multiplying the result be the node temperatures. The

specific heats are functions of temperature and the enthalpies were calculated with respect to 0°C

(the reference used by TOUGH2). These values are shown below in Table 4.5.

The mass flowrate and specific enthalpy of the gas mixture generated by the pyrolysis

process have been approximated. Unfortunately, TOUGH2 is restricted to use only air and water

vapor for injection sources, which have different specific heats and molecular weights than the

predicted pyrolysis gases. Therefore, the air or water vapor injection was adjusted to model the
C'J actual pyrolysis gases. Two methods were used for this modeling: One assumed the same mass00
C33 and temperature of injected and actual gas, the other assumed the same number of molecules and

energy of the injected and actual gas.

^.^
The model conserving mass and maintaining temperature is worst case since it would result

in higher calculated pressures than those generated in the actual pyrolysis process. This model
ascnmes•

mai, = mgas

hair = Cpair Tnode - heap

whrrn•

mga, = calculated mass flowrate of pyrolysis gases

Cp.ir = specific heat of air

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

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

T(C) Cu (J/kg K)* j(J/el MW

250 2621.41 655,353 48
450 2871.85 1,292,331 48
900 3661.21 3,295,085 25
*from VanWylen and Sonntag, 1978.
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This approach significantly over predicts the pressure in the system because the molecular

weight of the air is less than the lower temperature pyrolysis gases. This means that for a given

mass of air injected, a larger number of molecules and gas volume would be added than with actual

pymlysis g9.s„as. The specific heat ofair is-also sig-nificantly 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

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

increased.

The air mass flowrates vary from RoSlelo node,but the_specific e.nthai_piesof the inirrrrA

air are only temperature dependant:

hau 250°c = -4.49x 105 J/kg

hair 450°c = -2.18x105 J/kg

hair 9op°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:

mav = MWafr/MWgas * mgas

hair = MWgas /MWa_. (CPg.. Tn- hexp)

where:
MWair = Molecular weight of air
iviwg. = Molecular weight of pyrolysis gases

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

- number of-rnolecuies injected, the modeied 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
durinP the reai nvroivCiC nP.a['tinn

As with the first model, the air mass flowrates vary depending on node volume, but the
specific enthalpies are only temperature dependant:
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hair 250°c = -9.06x 104 J/kg

h,i, 450°c = 9.66x105 J/kg

h,v qao°c = 2.26x 106 J/kg

Both of these models were used to model the pyrolysis process for this pilot-scale ISV

demonstration. The difference between the resulting pressure is a measure of the impact of the

assumptions made.

4.9.2.4 Results from the TOUGH2 Model

Simulations were run using two statistical distributions of waste. One happened to have

metal sections well dispersed (random distribution #1) so that they didn't form long impermeable

barriers that prevented fluid flow and increased pressure. The other distribution had many such

barrier zones (random distribution #2). The distribution of metal sections and the assumptions

used in modeling them had a dramatic effect on the calculated results. The specific model used for

the pyrolysis process did not have a significant effect on predicted pressures.

Figure 4.4 shows the history of the maximum predicted gas pressure in the soil beneath the

melt and the approximate static head oPthe meit. The data sets plotted show results from runs

--------- --------ldsmg-d1iffetPnt 3Ssumptlott.S-forLhe-?ncluSton£ present i"n.-tlte-met3l-regions and the .Tio.'^,ei used for

pyrolysis. With no inclusions, the pressure history show three peaks (one of which is dramatic).

These peaks correspond to times when metal sections are surrounding pyrolyzing regions on two
------ -- °„iP° with the melt blocking flow in a third direction. This reduces the available routes of escape

for the pyrolysis gases which leads to a local increases in pressure. With 1% and 10% inclusions

in the metal (these data are coincident in Figure 4.4), some pyrolysis gas is allowed to escape

---thrnttglt the tneral reaons, The permeability of the metal with inclusions was assumed to be the
volume average of the metal (zero permeability) and inclusions (soil permeability). This is a

realistic assumption since the metal filled regions of the real trench will not be solid, they will be an
aggregate of metal pieces interspersed with soil or other waste. The resulting increase permeability
of these regions decreases the maximum pressure. The particular distribution of metal in the trench
fQr rattdottrdistribtttiott#1_did not c_reateasituation-wheregas was-forced to flow tluough metal

--regtons-to-escape, there were always pathways ttMugh more permeable soil or combustible
material.

4.14
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Fi gure 4. 4. Pressure History Beneath the ISV melt with Random Waste Distribution #1

The worst case pyrolysis model, where mass is conserved for the injected gas, shows an

increase in pressure over the more realistic pyrolysis model. This was the expected result of these

models. It is likely that the pressure created by the actual pyrolysis-process_wottld not he as high

asptEdiBted with the. worst racr mrvirl

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

.. . ...
^pressure in inese tegtott wouta cont nue to t utld-sp wtthout elief. Is thts ftgt;re, the peaks in

pressure occur when the pyrolysis gases are required to escape through metal filled regions.

Because flow was forced through the metal zones, a difference is discernible between the 1% and
10% inclusion simulations. The permeability of the 10% inclusion metal nodes was an order of
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magnitude greater than the 1 ho inclusion metal nodes, so the local pressures required to produce a

given mass flowrate are reduced.

From these runs, it is apparent that the pyrolyzing gases do effect the pressure beneath the

melt, but not-sunngiy. The two methods for modeling the pyrolysis process gave similar results,

with the worst case model predicting a higher pressure. The restrictions caused by metal loadings

may have as great an impact as the pyrolyzing waste, especially if they form impermeable

.a :- -uit [o Yy l..^:^.un..g •
a

,̂
i.va.wa ivay ^Tiatcii.

It is important to note that these simulations assumed a constant melt progression rate of 1"

per!tourbased on past pilat scale I^`: eAperience. It'u`,is possible that the high loading of

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

increased rate of pyrolysis gas generation.

This modeling work is preliminary and is only intended to suggest the effects of different
-loadingconditions. It is hoped that data will be collected during the demonstration that can be used
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to adjust and partially validate the model for further predictions. The TOUGH2 computer code will

b°u-d toi:.:;sdgrte ttheapplicarionofISVforprnressingthesimulatedwasteforthis

---- -- -- -- demonstrra„on. The simulated waste will contain high loadings of solid, compressible waste

material, typical of landfills and solid waste trenches. TOUGH2 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 in diameter gas bubbles rising up through

the ISV melt, is possible during processing of combustible waste-loaded sites. These simulations
,° °_ __

t^tclude a tttcvtngrtte,.ff^ttt a.-^s.mple pyrolysts r_̂̂ u^"_.^ d,,u t„c,,,^^ts how the gas pressure in the
soil below the melt is affected by melt progression rate, soil permeability, combustible and
impermeable material loading.

4.10 ADDITION OF A SOIL BERM INSIDE HOOD

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

ave_rtlow so that it would not damagP the. nff gars tiood or pose a risk to site personnel.

4.11 CAMERA

A video camera will be used to observe general conditions inside the off-gas hood. This

reduces the frequency that personnel need to enter the control zone and therefore reduces the

chances for injury. The video camera will be used to alert operators of the potential for a molten

soil event or an outward growth of the melt during the ISV demonstration.

4.12 BENCH-SCALE TESTING

B___^ -__^_ mv.__ •_^„^^^-x;a^c ^^ v ^csung was petfotmed to provtde a better understanding of the fate of
aluminum in an ISV melt and on the affect of aluminum on the ISV process.

Two sets of gxperimentswemperforn:ed to t,ivesugate the influence of aluminum on the
---- ----- -- ISltprocess.T!te-frstuxs-a-S.,etofcrucible-meltst<'tatwete perfotmedto-deteminethebuucaffect

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

a.;minum metai, soit staintess steei, and paper. The rauges of
compositions were 10 wt% stainless steel, 10-30 wt% paper, 10-30 wt% aluminum, and 30-50

---- --- wt% Soil. -Tests .ith relauvely large pieces of aluminum ( approximately 0.5-cm on a side) showed

4.17



DOE/RL-93-45
Draft A

the aluminum sitting on the top of the final product, while tests with aluminum shavings showed a

more uniform distribution of material. These latter tests produced a final product more consistent

with typical Hanford soil crucible melts.

Based on the results from the crucible melts, a bench-scale ISV test was performed to
evaluate the effect of aluminum on the ISV process. The key parameter of interest during the
berch-s.ale test was the performance of the electrical system during processing. Simulated waste

used IrObr bench-scale testing consisted of 10 wt% paper, 10 wt% stainless steel, 50 wt% soil, and
30wt% 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

^ I A....^:^ L^ L_ L 1 ,gtneermg cazculations^doneto ^ic^„uue v^uat tnc neat load and 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
function of time. Calculation number 100AREA-93-06 (also attached) adds a water spray to the
system to see if that will combat the high temperature and pressure spikes that occur as a result of
combustion.

Figure 4.6 shows the off-gas hood during ISV operation as the control volume for
determining the non-steady state mass and energy balances. The assumptions made to perfotm the
caicuiations are as foiiows: 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 (PH) is greater than the ambient pressure (PA) , 4) the hood contents are

predominately 02 and N2 (air), 5) the off-gas outlet contains all of nm (the molar flow rate of the
base melt gas - HZO) with the difference being air, 6) the enthalpy of the base melt gas is a linear
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FIGURE 4.6. Flow Diagram of the ISV Melt

function between 373 K and 1473 K, 7) all of the organic matter in the melt zone (cellulose) is

combusted in the off-gas hood, 8) the melt shape is cylindrical and combustible materials are

-_^ -_--_ efoD1L'IL.°2ed at= the-•-dSC)tto '' faCe on'tj; 97^j-tf`R'ne'c(:-IiSYtigC or 3<:^vies due to Cnimbustion is insignitlcan t

relative to the overall system, 10) all water added for the water spray is at 25 °C and all of it is

removed from the plenum via the off-gas treatment system, 11) the heat transfer from the off-gas

hood to the surroundings results from free convection (no wind) and radiation only, and 12) the

heattrattsfer frtnrrthe inelttothe hood equals the heat uansfer from the hood to the surroundings at
573 K and is constant.

The Hi-Q function 'OdeIvpRKF' was used to simultaneously solve the mass and energy

balances. This function solves a system of nlh-order differential equations subject to some initial

conditions and uses an implementation of the Runge-Kutta fotmulas developed by E. Fehlberg in
1970. Without the water spray system, it is estimated that the temperature in the off-gas plenum
has the potential to increase to 785°C due to combustion of organics in the off-gas hood. The

pressure in the off-gas hood, however, did not become positive. For runs with the water spray
system, the calculations indicate that a set point plenum temperature can be maintained (675°C for
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ralst;Iatitc3n lOB^11^EA _oz_^AI e.,: .tie the. h^d was-show..---- --- - i.r=uu/._agnaa.;-ust. yttsSUI.-in t n to Minatn negaw.P.

----- 7ElaYlve-to-thC ambient-SntToundings.

Once the hood temperatures and pressures were estimated with and without a water spray

system (100AREA-93-06 and 100AREA-93-10, respectively), a calculation was performed to

determine if the external devices located near the off-gas hood (i.e., electrical cables, pneumatic

hoses, fibergrate platform, and steps) were in any danger from excessive heat (100AREA-93-07).

Based on this analysis, the existing placement of the exterior devices located near the off-gas hood

is sttf.tcienEto-ptevettt t.hese AW:ces from exY,.r:er.ci.g significant temperatures.

A 17 I •1 •y. I 3.c ruummtim Oxidatlon
Lj_

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

c^-° based on the standard free energy of formation of oxides as a function of temperature. The:^Jl
estimated melt were then used to the h sicalproperties predict p y properties of the melt by employing

`y,umw^nl FucsA iMU .LJ.^...^.,, .. a,nr,h^,N Wnn1we \%:.^.......... ....^,,.. or, ,..,, ..,e,;fication Plant (I4VWP) glass.

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

Thetmite is a mixture of powdered iron (III) oxide (Fe2O3) and powdered or granular

aluminum. The aluminum has a higher affinity for 02 than iron, and if a mixture of iron oxide and

aluminum powder is raised to the combustion temperature of aluminum an intense reaction occurs:

Fe2O3 + 2A1-------> A1203 + 2Fe + 824 kJ

Under favorable conditions this thermite reaction produces temperatures of about 2,700 °C. This is
high enough to turn the newly formed metallic iron into a white-hot liquid that acts as a heat

reservoir to prolong and spread the heat (igniting action). Thermite is composed of approximately
73% ferric oxide and 17% fine granular aluminum.

Several factors affect the occurrence of a thermite reaction. For instance, the particle size of
the oxide and especially the aluminum can affect the rate of reaction. The physical form of the
reactants are important because the surface/weight ratio and the free-running characteristics of the
particles assist steady and even combustion when the mass is reacting. Under ideal conditions, the
aluminum and iron oxide exist as fine powders. Another important factor that affects the
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occurrence of a thermite reaction is the composition of the waste prior to heating. Additions to the

mix can absorb heat during the reaction and therefore prevent the high temperatures that can occur

when just aluminum and iron oxide are present (Encyclopedia of Chemical Technology, Thorpe's

Dictionary of Applied Chemistry).

The conditions that will exist during the 100 Area ISV pilot-scale demonstration do not

warrant a thetmite reaction. The aluminum will not be in the form of a fine granular powder and

the"m a, mary rthzr constituents in the simuiated waste that will act as heat absorbers to keep any
reactions occurring under control.

4.13.3 High CO Levels

Engineering calculation 100AREA-93-12 estimates a maximum steady-state CO

concentration level of 9.0% (90,000 ppm). This maximum is based on the assumption that all of

shecombustible material present in the vitrification zo-ne is convertw+ to CO once in the off-gas

hood. Using results from the 19901arge-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-&Wcgnvers;on f-^;t.;.; it }, esu,:.aA,u u,uiihe ieV@l$tif-CO-'uhat will bG obse'rvCd duiing the 100

Area demonstration will be 0.72% (7200 ppm).

4.13.4 Formation of H2

As discussed previously, there exists the possibility that steam in the off-gas hood (either
from the melt or from the water spray) will convert some of the CO produced from combustion to
CO2 and H2 gas per the "water gas shift reaction":

CO(g) + H20(g) -------> COZ(g) + H2(g) ( T = 250°C, iron oxide catalyst)

The concern is the low LEL of H2 (4%) and the high expl9siveenergy of Hi.

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 H2 that could be produced during this

demonstration. Using an equilibrium relationship identified by Moe (1962), H2 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 H2 concentration would be 9%

with a lower value of 0.72%. It should be noted that this teaction requines an iron catalyst to

produce such a favorable conversion to products. Based on the fact that the ISV system does not

contain iron suitable for a catalyst, and the expected combustion efficiency for the conversion of

material to C02, it is not andcipated that the LEL forHywould be approached for this

demonstradon.

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

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,

^ .,---- - - - -anst s„rra,m^' rSV ^ If fhe-soi1- resstiP^ tf'e, ------°_- --- -----.,zng; ' t9el,. p -td^toward the sutuc nead or tne melt,
operators will be alerted that a molten soil displacement event may be possible and they can beain
to reduce the power in order to combat this event.
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Fix= 4.7 . Projected Melt Shape Relative to Pilot-Scale Off-Gas Hood
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5.0 IMPLEMENTATION

This_section describes when each mitigator needs to be implemented and how they should

be implemented in order to control and/or prevent each of the test specific potential events. Some

mitigators will be implemented on a continuous basis during the demonstration. These mitigators

include the control zone, monitoring, the passive hood vent, and the use of a camera.

5.1 iiiCiH iir:AT LOAD

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

temperature above 425 °C is reached, the water spray system will be implemented. As previously

described, the water spray will remove energy from the gases in the off-gas hood by evaporative

cooling, thus mitigating the high heat load. If the water spray system is unsuccessful, then power

will be reduced.

5.2 ELECTRICAL SHORTING IN MELT

The criteria and procedures for dealing with an electrical shorting situation are discussed in

the SOP for the pilot-scale ISV equipment and will not be discussed further in this analysis.

5.3 LOSS OF HOOD VACUUM

The inclusion of a passive hood vent will be arranged prior to the start-up of the pilot-scale

demonstration to aid in preventing the hood from becoming overly pressurized. This passive

system will be in place the entire demonstration. In addition to this passive vent, a seal pot vent

system also exists on the off-gas hood. This will allow for controlled in-leakage during normal

operations and also allows for passive venting during pressurizations.

During the pilot-scale demonstration, if the passive hood vent is not sufficient and the hood

pressure increases to 2.5 cm W.C. (the design limit for the hood is 12.7 cm. W.C.), then the water

spraysystemwill be implemented. As previously described, the water spray will remove energy

from the gases in the off-gas hood by evaporative cooling, thus mitigating the pressure increases

associated with transient gas releases from the ISV melt upon combustion. If the water spray is

insufficient and the pressure in the off-gas hood increases to a value greater than 2.5 cm W.C.,

then the back-up blower system for the pilot- scale unit will be employed (see the SOP for the pilot-

scale ISV equipment for a description of the back-up blower system). A set point of 4 cm W.C.

will be used as a trigger for the back-up blower. If the hood continues to increase with both the

5.1
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water spray and back-up blower systems actuated, then the hood pressurization will be combated

by slowing down the rate of gas and heat evolution from the ISV melt with a reduction in power.

5,4 ulGu COlC02 EMISSIONS

Ambient and stack CO and CO2 concentrations will be monitored using infrared equipment

The frequency of these measurements will be between I s and 10 minutes. If the concentrations

are found to exceed the ACGIH limits (Table 4.2) or 10% of the LEL, the melt rate will be slowed

by reducing the power until the stack conditions decrease and warrant the use of full power again.

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

Crib (Luey et al. 1992).

5.5 OUTWARD MELT GROWTH

The best mitigator for the prevention of an outward growth of melt, is the design of the

waste simulation and off-gas hood prior to the pilot-scale test. A random placement of the

simulated waste will hopefully prevent preferential outward growth of the melt. In addition, a

---conttol zone arouttd-thelSilot--scale test site wiii heip prevent injuries to site personnel in the event
of sig-tificant outward growth of the ISV melt by establishing a "safe distance" from the ISV off-
gas hood.

During the pilot-scale demonstration, the molten zone will be monitored with type K and

type-.r-.-thertntxouples every 1 30 minutes in order to detectatty-outward growth of inelt. in
addition, the use of the video camera can also alert operators that the melt is growing outward.

5.6 UNDERGROUND FIRES

During the pilot-scale demonstration, the path of advancing melt front will be monitored
with type K and type C thermocouples every 1 - 30 minutes in order to detect any underground
fire_s. Since_the of_f-gas hood will be much larger than the trench, any underground fires that occur
will not propagate beyond the boundaries of the hood and therefore should pose no danger.

5.7 MOLTEN SOIL DISPLACEMENT

The primary indication of the potential for a molten soil event will be the pressure
measurements from the vitrification zone. If the pressure beneath and/or surrounding the ISV melt
being to trend upwards and approach the static head of the molten glass, then power will be
reduced tosiuw down me raie at which gases are generated in the vitrification zone. The addition
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of a soil berm around the inside perimeter of the pilot-scale off-gas hood and the use of the control
zone will help prevent injuries to site personnel in the event of a molten soil displacement. The use
of a video camera during the ISV melt will also assist operators by allowing characterization of the
melt surface during processing.
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00001 project ivpEqnsO, initx, ivpMatri:t0;
00002
00003 local start, finish, stepSize, relError, absError:

Ni 67- !9 f%.`%Ii.Y-. IJA7fR

^
°-•^

...,,,

e?-,

A -7 7A , N/if.J T e-

* (pa*mw/R/Ta*(pa-ph))^0.5;
* (x[2J*mw/vh*(ph-pa))^0.5;

JOOr4/7 fA - `1 J

(n0-nm)*cp*(x[1)-Tr) - nm*(0.0417*x[1) + 3:

00042 Hw - nw*(-0.0417*x(1] - 30.7);
00043
00044 also
00045

-04704'v u3': - n•

00047 Hw - 0;
00048
00049 end if;
00050
00051 if (ph<pa) then
00052
00053 na - a*b:
00054
00055 else
00056
00057 na - -a*c;
00058

00004 start = 0;
00005 ginish - 60;
00006 stepSize - 1;
00007 relError - 1.e-6;
00008 absError = 1.e-6;
00009
00010
00011 Function ivpEqnsO(t, x)
00012
00013 nm = 1.65;
0 0014 nc a Q_14;VVVl^

00015 nO - 9.3;
00016 vh - 27.6;
00017 mw . 29;
00018 pa - 101.325;
00019 R - 8.314e-3;
00020 Ta - 298;
00021 Tr - 298;
00022 cp - 0.0296;
00023 Hc - 3012;
00024 Tm - 1473;
00025 namin - 47.6*nc;
00026 cpc - 0.4798;
00027
00028 ph ^ x(2j*r*x(1;!vh:
00029
00030 a - (n0-nm) / (0.9541*mw);
00031 b - (0.3125*ph/pa + 0.6875)
00032 c - (0.3125*pa/ph + 0.6875)
09933 d- run + nc - n0:
00034
00035 // x(1) is Th, x(2) is nh.
00036
00037 e - nm*(0.0417+Tm + 32.6) -
00038
00039 if (x(1j>675) then
00040
00041 nw - 4.25;



/a 77HGNI-1 sN i d- /oo4l? 'l^ -iJ-12C

00059 end if;
00060
00061 if (na>namuin) then
00062
00063 ncHc - nc*Hc;
00064
00065 else
00066
00067 ncHc - nc*Hc*na/namin + (1 - na/namin)*nc*cpc*(Tm - x(1]);
00068
nnntiq and if;
00070
00071 if (ph<pa) then
00072
00073 dxdt(L) - (cp*(Tr-x(1J)*(a*b+d)+a*b*cp*(Ta-Tr) +-e + ncHc + Hw)icp/x(21
00074 dxdt(2] - a*b + d + nw;
00075
00076 else
00077
00078 dxdt[1] - (cp*(Tr-x(1])*(-a*c+d) - a*c*cp*(x(1]-Tr) + e + Hw + nc*(cpca
00079 dxdt(2J s-a*c + d + nw;
00080
vv^^vei eo.n.d tP.•

00082
00083 return dxdt;
00084 and function;
00085
00086 ( ivpMatrixO,ivovector0,finalAbserr0] = OdeIvpRKP(ivpEqnsO, initx, start
00087
00088
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Heat Transfer Effects for

Intermediate-Scale ISV Stainless Steel Hood at INEL
Calculation no. 89-024-TC-01

J. S. Tixier, Jr.

May 10, 1990

PROBLEM: Determine whether or not the heat transfer from the new

stainless steel hood poses a danger to the external devices

located nearby (i: e.-,-elect-ricai-cabtes, pneumatic hoses,
fibergrate platform and steps.)

SOLUTION
CONTENTS:

7 j- Haod-eonfiguration-and Surface Area Calculations
2) Convection Heat Transfer

a) Horizontal Top
b) Estimate Minimum Distance.from Top
c) Inclined Sides

d) Boundary Layer (Minimum Djstance from Side)
3) Radiatir'.n. Heat TTransfer

a) Total
b) To Cables and Hoses
c) Minimum Allowable Distance from Side

^ d) Minimum Allowable Distance from Top
4) Energy Bafance Check
^.0) ^..----: '' „ ° .:.:,;,,^aununary aeiu Cu^^w,uaW1w
6) Reference °
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5) SUMMARY AND CONCLUSIONS

a) Pertaining to the Equipment Configuration on the Side of the Hood:

In actuality, the cables and hoses and fiberglass steps will be
located at least 8 inches away from the surface of the hood.

The analytical results show that this distance lies well

outside of the free convection boundary -layer and is also free

-from -tiarrgerous- thermat -Tadiation--effects.-- The lowest
fiberglass step is located at least 4 inches from the hood
surface at its closest point with subsequent steps
increasingly further away until the top step is at least 8.:::..r„_.: . . .
inches away at--rts--cfosest-point:-Therefore,- the steps are also
outside the boundary layer. Furthermore, considering the
conservative assumptions (no wind, high ambient

.,,. ,
wi llt6Ttp@t2tlire), '^fJtiBii tfteSe conctittons-are iefax^u

,.;
it WIIf serve

to further lessen the heat transfer from the cables and hoses
to the hood.

b) Pertaining to the Equipment Configuration on the Top of the Hood:

Considering that the convection heat transfer from the top•of ^
the hood is merely 14.8°lQ of _the_ total -convection -heat transfer;
and the.radiation heat transfer from the top merely t2.7°fo of

,^:,the tota[ radiation heat transfer; that the fiberg;rateNis located
on the top 'at least"4 inches from the surface of` the hood: and
the cables and hoses lie on top or above the fbergrate; that
the effectiv^-airea of She-hases-aad_ -cables js small compared
to 'the, radiative surface of the top; that the fibergrater'acts` - 1 y==
somewhat as a radiation shield between the top and the^ cables

.. ^^ f Y•and hoses as well as the grid pattern contributing to free
convection cooling of itself; and that all assumptions have
been very conservative; it is concluded that the cabfes, hoses
and fibergrate on top are in no thermal danger as currentty-', • _ ,. . . ` ,^-

--- designed. :. ,

,.;• . _ , _ .. -
p4•,c,,•,yr._:f-...'....^.:..,. .,..m v.?..'9+i.:..w.. ..:r.;:G'^-.+^A^" ' 1.cw4au`aw.a*^.:viiYans,L..:^wrb`+^.".i,.^ '

_..,.,.. , . . _ ,. . . _ .
. . . ^,•. :1'w_^`G. Jy^1iFi{ . ^ .F''- .:^^ 3^f ! .,an . ^`_....^
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c) Heat Transfer from the Equipment Itself:

These calculations show that the hoses, cables and fibergrate

are safe from dangerous thermal effects of heat transfer from

the hood, even under conservative assumptions. An even more

conservative situation is that heat transfer from' the

equipment itself has been assumed to be zero which, of course,

is not true. These thermal effects are even lower in actuality

than shown here.
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_ Vol. of inlet drv ¢as and steam

^^r' (hour)(Catalvst Volumc)

.r= CO converted.
.Yr = CO converted at equilibrium.
R= o.. ^t to t+e-o•`_-

the Arrhenius form).

a^.Utnber of fna-Muracies were noted

when using this equation, so a series

of experiments were carri ed out to re-
evaluate the rate equation. The ex-
perimental procedure was essentiallv
as described in a previous publication
from this laboratorv (°), although a

;a ge; reactor was used. Some of the
results are shown in Table 1. It is
aooarent that the rate constant of
Ecjuation i varies with the steam to
gas ratio.

Another rate ebuation was devel-
oped by assttming the reaction rate
is proportional to the displacement of
the gas composition from its thermo-
dynamic equilibrium value. The equa-
tion for the reaction rate is, therefo re,
.vritten:

_..t:4(ab K^ (2)

where:

a,b- Concentration of reactants.
e,d= Concentration ot products.
K = Thermodynamic equilibrium

- constaat. ---- -- -- -
.'a = Reactton rate constant.

Let .9,B and C,D be the initial con-

centzation of reactants and products

(in molar units), and s be the conver-

sion. Then, Equation 2 can be written:

-_s^r^_.^rn_.) ^(C'•z)(D+z)^
.-^h^--^n..- ({ 1

This equation for r is substituted into
the following:

1 sdz
SV J: r

<

- •

a

Table 1. Experimental data for determining rate constant from Equation 1.
Calculated rate constants using Equation 4 are given also. See note" below

for details.

STEA>FGAS •ISCETCO, TE}1FERATCRE, F0ISTOROER E,Q.4

RATIO OF DRY GAS F RATE CONSTANT RATE CONSTANT

2.44 --- 26.3 ----- 600 1655 5500
1.91 26.0 600 1510 5150
I.16 36.0 600 i90 4710
3.63 650 2450 7110
1.44 23.2 6.30 '_010 T750
.921 21.-1 650 1730 9410

02.28 25.0 50 4870 12300
1.96 21.3 750 4580 15600
1.10 22.1 1-50 3720 13900

1.73 41.7 750 5300 14200
1.59 53.9 730 4800 13900

1,68 32,4 1-30 3420 13000
•Balance of dry .as was hydrogen. and engineering units used . The space

••The eitalvst size was :-in. diameter .c velocity in Equations 1 and 4 is. there-
S-in. long mblets in all tests. The reaction fore, referred to 60•F and 1 atm. The
rate has the units of: cubic feet of gas rate constant of Equation 4, from the
converted per hour per cubic foot of cat- above data, is piven by the : eiation:
alyst. The perfect gas nw was assumed, •k = exp. -17.500/RT = 16.38.

Integratlon performed at const9nt
temperature results in the following:

ik _ X^[in( 2:r,z-u-.=7
SV r-4 2ars-u-^-q.

I}
romav-and convenient to correiate

(4 )'-^^_ u« _ the results with space velocitv, whichqr
has the units of (hours)-t. thus, the

where: numerical values for the rate constants
used herein have been adjtuted to

to . K- 1 define space velocity. In using Equa-
:r = K(d -B)- (C - D) tion 1, any set of consistent units mav

be used for z and s, FocEquation 2.
o'K (dB) - (CD) however, the sum of the inlet gas

concentration must be 1.0 to be con-
At thermodynamic equiitbrium, sistent with the numerical values of
2^^y_- ^-- therateconstant . ,;

EquationsThe rate constants of ..1p
and 2 are related to temnerature by

Variation of rate constants

The values of the rate constants
calculated from Equation 4 are listed

in Table 1. The correlation is Tood
and within the limits of accuracy im-
posed by the experiments.

x
^
. lsac
q1
y .

q

14t)ri

Q

o 1300

The rate constants of Equations 1
and 2 have different ttnits: for Ecua-
tion 1 the units are (time)-t, while
the units are (volume) (time) -
(mols)-t for E uation 2 It is cus-

an equation of the Arrhenius form

At = Qeip.(E/RT)

where Q is a coostant characteristic
of the particular catalyst and E is
the energy of activation. It has been

_
:

Rraction of'otal Conversion In Fnst 8eo
F6ure Z. Optimum conditions obtained for eaampie.

- _z

_

34 btarci 196Z cHiMICAL ENGINaaa1NG itOGan3, ry. ia. Ve. 11

Pressure. ib.i se. A. gauge
Figure 1. Effect of 7ressure on snitt :ataiysts.



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

Q. may be quite different. Using
1.987 for the gas constant and tem-
peratures in aegrees Rankine, the
value of E in the Equation 2 rate
constant is -17,500 Btu/Ib. mol. The
^.21,je of E_in the Equauon 1 rate
constant is -33,900. This lattez num-
ber is, however, the value obtained
by dividing the Equation 2 rate con-
stant by the thermodvnamic constant,
.'. Thus, the Equation 1 rate constant
is actually a composite value of both
the rate constant and the thermody-
namic constants.

Adiabatic reactors

available during the reaction.
.1 freshly prepared shift catalyst

will have a surface area of 100 sq.
m./a., but after 50-100 hr. operation
at . 50°F,-the surface area will be
approximately 30-50 sq.m./g. Catalyst
removed from commercial reactors af-
ter 12 months use may have a surface
area of less than 15 sq.m./,a. The
cataiystapparentlc snters, thereby re-
sulting in a loss of surface area.
Hoogschagen and Zwietering (4) stud-
ied the sinteriag phenomena quaau-
tativelv and found that the decreue
in surface area could be correlated by
the following equation:

1 1 ^ Kt exp (-E/RT) (5)

where:

A, = Ortginat surface area.
.t =?tme.
n= Experimentally determined con-

stant.

The constant, n, varies with the meth-
od of preparation and was reported
to be decreased by an increase in the
chromium content of the catalyst.
This observation suggests the chromia
serves to stabilize the surface area,
since chromia alone has very slight
activity for the shift reaction.
The activitv of the catalyst de-

creases with decreasing surface area,
although there appears to be no sim-

Equation 4 applies to an isothermal
reactor." Analytical integration of
Equation 3 for an adiabatic reactor y. ^
is not practical, so tecourse must be
made to graphicai or approsmate ^
methods. A good approximation is to
take for R (in Equation 4) a value
equivalent to the outlet temperature
of the reactor and to assunte foe -k
a..°1ue correspondiaq to the arfth-
raedcll a:erage-of the _nlet anVou[- ^
let tempentures This procedure leads
to low values for the space velocftv
if the total temperature rise across
the reactor is-gseater than 100°F and .(
when at the same time the gas com-
posttion approaches equilibrium at the
reactor outleL For these caEei it is
best to subdivide the temperaaue
internal into two or three

iabatic
reactor is tiven with sufficient MMMMMWIs n"

mols CO converted
[9 (steam/ gas ratlo = 7]pt

18^k

This refacoathip is based on 106 mo7a
- of dr; gat ente®gthe. reaaor.

Role of the catalyst

Particle size, time on steam, and
ntessu:e are factots whiok affect the-
ubserved reaetiun rateovei-sillt cat^.
alystr. These three factors are inter-: _

-'d'cudc..t. "'t""t' jtld_m mKm--

teeremtioa of the resulta It has been
.fa.md-that._at_atttnoap4ericressezG.
3/ 8-in. diameter x 3/8-in. Iong cylio- "
drical tablets have a rate constant (as
per Equation 3) that is.10S less than
t$ente-tronsYat of }:--in. r 'Li=
tablets. At 450 lb./sq.inu gutga the
observed rate constant of 3/8-ia talr

- '-'- n^= [esashaa 1/4-ia. tablets.
Using the conCents of Wheeler (3), it
apoears that about 60% of the totai
surrace area of a?fFin. tablet is

F^ !

E^

YI

.,

^-

_--a

=: ^e

^. ^.

-. a

s C - -
:-
^71

rj -

•t ^^
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James Moe has
been in catalyst
manufacturing. re-
search and techni•
cal service work
s i n c e graduating
from Univ. of Colo-
rado in 1950. He
has been with the
Girdler Catalysts de-
partment or t:iierne-

tron's Chemical Products Division since
1958.

be ana.vered by taking the partial
derivative of r with respect to teat-
perature. The result, which has been
previously reported by Denbigh (5),
is as follows:

Substituting into-i.quation8 the aporo-

eqi..-....5 C ^'•"n^-^tvtSV)/cxc to zero, the ioi-
lowing is obtained:

-^i
rL^sit = rzcz,t (8) s

Ta - T. _ R E^
(6)

equation for r yields
Z.a 7.m E E.? In E ()

k, I 1 - .Z'I = k°• I 1 - ^ ^ (9)
where:

K"

Te = Equilibrium temperature.
T", = Temperature at which the

reaction rate is
relationship activity and

a mazimum.
p ie P E=Energy of activation of the
surface area (4). It is likely that the reaction (-17,500).
b d declin ' r lated '

where:

(C+x,)(D+x,)

(d-xi) (B-x:)

:S

art ee the
a

ailab' ' the sutfue
E- Ep =-(heatof reactmn). This may The subscripts designate the bed in

dv ky
*+ ^Y of be taken as 16,400 for the
area.

the reactar. It should be noted that

t^pared
water-gas reaction Inthere- this result applies to both adiabaticThe activity of fzes^Y P. glon of 700' F. The value of and isothermal reactors.shift catalyst undergees a raptd de- E is,theretore (-33,900).

^ oline during the first _4-73 hr. of ? It has been assumed that x, is fiaed,

aperation Thereaker, the rate of de- so from the methods of the preceding .
dismusion the approach to equilibrium,chae becomes more $raduaL This Substituting the appropriate numeri-
and thus the outlet temperature, ofcharaetetistic of the catalyst compli- cal values into Equation 6, it is found

cates the selecaon of the rate constant that the catalyst volume is mini^,i-,..t the second bed can thereby be deter-
ed tem-whfch will be used for design pur- when Tm is approumately 100°F Iess p^^'erature defin

Firingescthe
and
second b^

qr,r ; G. uat enposes. Lengthy Expmments and ez- than the equilibrium temperature. ^
penence derived from indtuerial re- However, an approach to equilibrium

9 may rhen be used to determine ,c^
and K as a function of x:. If the arstactoi, are -the best gtfides to deter- of 100°F aftea mposes awkward iimi-

mine the appropriate rate coostant tatiom upon the operating tempera- bed is to be optimized by the method

The catalyst manufacturer can usually ture, and it has been found entirely
previously described, a erial-and-error ^

provide a value for the rate constant satisfactory to design for a 50°F ap-
solution of Equation 9 can be used to

which defines the activity of the cat- proach to equilibrium. The optimum ^^° °^eue value of x: which

' "^yse aEte? ^tn:+d^ " n ---- ----- - is a f r mn<r gas ^es the equivalent temoerature of
^p°'^o ^^ p^"^Iv ^-^ - °if ao r°rimate1r100°F less than theThe design rate constant for one ^mpositions, especally at temoera- ` p

cornmerciallv available shift catalyst tures less than rotomatel 850°F. ^ tempenture

(Cirdler Catalysts' type C-3A) is: Varying the approach to equilibrium
Figure 2 illustrates the tvve of op- ^

between S0°F to 100°F veaerally ei- ^^
that is obtained. The ialet gas

k= 8.947 - 8830/°R ° sCeam considered had the Eollowia°
_^+o Eects less than a 3% chaage as the

composition:

This gives the value at atstoapher[c
catalyst volume.

CO - 11.85 mnls
pressurr, the rate constant is multi The statemeat of the design re

quiremeat, e g., the ialet gas rnmoo- H, - 75.44 mole
plied by the activity factor from Fig- ytiou and the desaed convetstan, thus CO, - 9.98 mols

-^,=me )t for _)sfoTher nresntm PreSSUre one to gl ditrctly to de- H;O - 125.0 mels
^. serves to iacrease ehe obsetved rate ^ the optimam operating conditions.

<^nrtant of the shift reaction, al- g^.y^ the Shift reaction is e:-
Pzessue is atmospheric and the de-' _ u

tbough the eqtribbei^ of the reac sred conversion is 10.8 mok of CO.
.'^Lion is not infltt^eed by pre5sa% ^°^rt^^^^^^ The seatemeat of the problem fixes

^n°'oseseas° m t°° cai° cca3'-°t with or more beds so that the ^°P^n3 Prn^ of the sec-
`:pcmfre saema to be related to the be °^m̂ ond bed at 675 F. She otxrating tem-
^a^^b^ of the ^ ^^^° .can

This

^
pe^ttue of the first bed is shown in

t-; um vame. ;,.aai a the F
^ II^ 20 ^fi^M iptc+ - propobkm of how best operate the tg@° -° for the varfous values of x^ ^
stms of 250 16./sg id gaage wiII ia ; dffferent bede. Coaudar, as an eram- Acknowledgement, aeax the abearvad' rate mnstmt by - a two bed nemetor. The

y^< a factor of .2.2, as compaed to atmea- ^the overaQ space wlacity^ no author wishes to express his
^;pbarie preswra. With a-m. z x-in- thanks to D_ W. Allen for Iiis maa

e'sbiets. however, the rate aoatitant ^^°
-

:- helpfnl discassioat and to Cirdter Cat
wili be iacreased by a fide< of 40. ,.st r - alyser, CSemical Products Div-, Chem-
Figure I shows the e$ect of prosstrre sy = J

^r
^^ etmn Corp. for pemaission to publish

`_ on the rate coattant This curve can - e a st 2 the data he:ein.
^-^-. i -- '` - - -

saes (1/4in and 3!&in-) osed in where: ,
L CI ERATfJRE CYIED

:- .-: rnmatacia^l reaetors :^ :. ;: _ . - -zs = Conversion in the first bed- L wswlw F. Q. t,.e z.o- Ca^ ro. -
s =TOrai.conversion. F+a'+a Itsat-

..Optimiaog the process . ^' t aswa, s.. x a..trna+. .na ^ o. anv.L
- - • •^ . .. Tr. S.C. ci..^ :s. tea0•teas c1964t.

Returning to Equatlon r it is oat- s. wew.r, +--aaorr,+: Ti. it t^wst.
V taal to feqttce how the catalyst vol- Consider that r, is Hxed bv the smto- A aaaexe^ I. .na ?. Zn.r..,ns- l.

time required to aehieve a,aiven con- ment of the problem. It is :equired La'"• '""' u:ra (uea).

VCSCn ma be m:..in.i-se.i This can to mi..im'n" the SDace velocity
i OesueL X. 0- 7nw". FarWr Soe- :o.

Y and. by ssars , uut.
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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 fnee 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 thetest site (simulated waste-and instimtment-lo£atiot•.)::iII w essential to analyze the perfotrnance
of the ISV technology as a waste stabilization technique.

L _%_,

Ui

2.0 SAMPLING OBJECTIVES

_-E^^- ------------ -----The test-objecuves and-the-samplinbwht£h-will support-these test£bje£uves are sepatated
c.J into three distinct objectives. These objectives are:

1) Demonstrate ISV as a stabilization technique for combustible 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
materiai.

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 examination of the ISV product to determine fraction void space,
strength tests on core samples from the ISV product, and durability testing of the ISV product.

Determination of the ISV operating envelope for application to combustible and
compactabie waste will be achieved via computations and verifying the computational prediction(s)
with field-dara collected on a staged site within the identified envelope. In addition, petfotmance
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.

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
.vithout a-moltetrsttil$isplacement event, co-,bined with verification of computational predictions,
will serve as the primary measure of success for this objective.
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With the excep-tion of off-gas and core sampling the cooled glass monolith, much of the
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.

C_T-, 3.1 Electronic Samples
eJ'_J

Because the main objective of this demonstration is to evaluate a technology application, the
majority of the information gathered will be data on the performance of the processing equipment.

ca 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 ptncessing eqttipment are listed in Table 1. Process d2ta iss'ecQrdecibothon-a-compttcer 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 me automatic compute_r-collecteddata Allelect_ron;c ;r,srT?,mens
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.

OFF-GAS ^ Y SC^BBER CON^ENSER
FROM H00D, .

HYDRO-SONIC
SCRUBBER

HEAT HEAT ^
EXCHANGER 1 i EXCHANGER 2

^y

PUMP 1^ PUMP

TANK I TANK

U I^

SEPARATOR I SEP

HEATER HEPA FILTERS

OFF-GAS FLOW ----- i

SCRUB SOLUTION____- ___>.
FLOW

STACK

HEPA OR
ON ABSORBER

BLOWER

FigurP 1. TSV Pilot-Scale Off-Gas System Schematic
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Table 1_IS-V-Plosessing Equipment Data Point.c

Sample Type

Differential Pressure
Differential Pressure
Differential Pressure
Pressure
Pressure ----
Pressure
Differential Pressure
Pressure
Level
Level

' Flow
Flow
Flow
Flow
Flow
CO
CO2
0o ----

Temperature
Temperature
Temperature
Temperature
Temperature
Temperature
Temperature
Heat Flux
Temperature

Instrument Location

Off-Gas Venturi
Off-Gas Hydrosonic
Off-Gas Condenser
Scrub Pump 1
Scrub Pump 2
Off-gas Hood
Off-Gas Hepa Filter
Off-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 (a) Venturi
Scrub Tank 1 Liquid
Scrub Tank 2 Liquid
Heat Exchanger Liquid
Off-Gas @ Stack
Ambient Air
Hood Skin
Hood Skin

SAP
Rev. 1

August, 1993
Page 3 of 11

Minimum Sample
Frequency

10 min
10 min
10 min
10 min
10mir.
60 sec
10 min
10 min
10 min
10 min
10 min
10 min
60 sec
60 sec
10 min
60 sec
60 sec
6v se^
60 sec
10 min
10 min
10 min
10 min
60 sec
60 sec
5 min
5 min

^^^ In addition to the data collected on the ISV processing equipment during operation, data
-w4L• also-bPv collectedfrOm-ittstrltaiieiats plaa",ed in-the Joll and sIITlulille(1 waste. Type "K" and "C"

thermocouples will be used to track the advancing melt front throughout the vitrification process
and pressure transducers will be used to monitor pressure gradients in the adjacent soil and
sitttulated waste. -The-exact locatitm-andfteque,lcy of collecuon of these instruments as well as the
pressure transducers to be placed in the soil and simulated waste are detailed in the 100 Area ISV
Pilot-Scale Demonstration Test Plan.

3.2 Test Material Samples

3.2.1 Core Samples

..C.L.. ..-_l ^ will--- --- - Cot2 samples of the cu^^eu glass monoitih 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
iecorci bookwill be utilized co 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 subsidenst 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 sa.*nples reptescnt3tive of the soii tn 1^ vitrif;ed (from both the waste matrix and
---"=^ ----- sutsounding-soil) will-becollected feranalysis and-archived for Iater analysis ifrequi.red So;i

^.., 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 coiiecuon will be recorded in the ia'boratory record book.

N_h

3.2.3 C)ff-Oas Samples
fw^.

Both particulate and gas samples will be collected from the off-gas stream prior to off-gas
treatment. 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 beusedas 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 is
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
estimated cumulative processing time of 60, 80 and 100 hours.

A Modified Method 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 treatment to provide an accurate

..^.4:0 - -.0-11X^-LL;IJGJICA\[T1IV1`I

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 acrossthe venturisctubbetwould be "Venturi DP'•, Process equipment sample
names and type are shown in Table 1.
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The soil an-ay samples will use a standardized numbering system based on cylindrical
coordinates. Tnis system denotes theinstrument type, depth from grade, angular position relative
to north (clockwise) and radial distance from the vertical centerline of the electrode array
placeraent These-sample-desio :adoos 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
laboratory record book. For example, the sample designation °TCK090270810" indicates a type
K thermocouple (TCK), located at the 90 cm depth (090), at a position of 270° relative to north
(270) at a radial distance of 810 cm from the vertical centerline (810). Each position description
will use three digits to define its location; therefore, the first three numbers will always indicate
depth, the next thtu numbers designate angular position, etc.

k^--^

All samples coliected wiii have a time stamp indicating the date (mdy),-and time (hms) in
. . _

_s^..
.. _ --whtch in

]_ .t.- "-
1f1
__ .-

1)UN.f
a
r data ^^^`i for each-IIIGl:V--n

^ -' sample frequency.
c^j

4.2 Material Samples
.,...,,,..
'^ - - iesi maieriai samples will contain the following information on a white self

adhesive label affixed to the sample container. 1) initials of sampler, 2) date and time of sample
collection, 3) sample type, 4) unique sample identification number. Information 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
individuai-satnple-depth-frotii inseruon. An example wouid be, RH1-300.-his 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

Soil samples will be collected with a clean garden spade and placed into a pre-cleaned 250
ml plastic wide mouth sample bottle. The garden spade shall be appropriately cleaned after each
sarnolecallection.

- ---- ------------- 4.2.3 Ofi-^a5 SampieS

Particulate and condensate samples retrieved from the MM5 system will be handled as
-- desc.^:bed irt 40CFR App. A Methed 5: - Tftese reui'eved saiiipies will be logged into the data

sheets which are used for each sample run.

5.0 SAMPLE EQUIPMENT AND PROCEDURES

The majority of the sampie equipment to be used for this demonstration will be electronic- -^ •data cdIlectton-equtptnent T1he-infcnm__arion dPsc+;bing tlte Comnuterda.ta acquisitioneYuipmer.t is



DOE/RIr93-45
Dtaft A

SAP
Rev. 1

August, 1993
Page 6 of 11

contained it: setition 5.1 ar.d the iw A,a ISV Pilot-Scale Demonstration Test Plan. The only
atcl:al sa„nples to be collected will be core samples from the cooled glass monolith and archive

samples of the soil which will be placed into the ttench 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

------- -- rttultifunction input/atutpqt_boartis-(36-sitrgle endedor 8 3if€erentiai chantte3s); SCM i iu0 signal
condidoning 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

--- €- hardwats ^-.I.t be used :. data collection activities to allow greater than 150 instrumentation inputs
CIQ to be read and recorded.P.. ^
F.^z

-- ---- ------ ------T-he data-ac^uisit=on soft:^a., 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 50R (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 fuii.

Configuration of the LabView software will be recorded in the logbook and/or a separate
document. Information to be included in such documentation: operation of front panels,
configuration of panels with data acquisition hardware (e.g. computer boards), engineering unit
converSii)ns, data 1ue iabelltl g SYst_em, data-fileLreatllJ21 frequency, Y- .a!d^.^?ta backup fi

le
.,riG:.

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
wnt^:.n. by the applt^ar:on p.:,s;ammer after the data acquisition program is configured and will

L_'I_II!IC part oT the IIfMPI`t 11P
_

Y.J.. . ......
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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 a rotary coring device. The procedure to be used for core
drilling is contained in WHC-CM-7-7 "Environmental Investigations and Site Characterization
ManuaP" 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 tool cleaning procedures as if contaminates were present in the soil

'`•^_:

5.2.3 Off-Gas Samples

Particulate sampling 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 AND ANALYSIS

6.1 Electronic Samples

The electronic sample data will be stored on electronic storage media and backed 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
-wystem i*ttesnal harddisk to a 45 Mbyte-tz;movable hard disk. Sccurc the write
protect selection on the removable hard disk and verify that all the files transferred
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 rcducrion 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:
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1) F'ile name
2) Date, time
3) riic iyTc
4) Information describing the file contents

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 and will be returned to the project file at completion of the analysis.

6.2 Test Material Samples
c.";

Test material samples to be collected for the ISV demonstration are shown in Table 1.
,.^

C-Q Table 2. Sample Requirements

Sample Type Qty Sample Container Analysis
Size

Soil 3 250 g. 250 ml plastic Bulk Density
sample jar % moisture

Inorganic Composition
(6010)

Vitrified Product >3 * Plastic Sheath Inorganic Composition
(Core) (6010)

Compression Strength
(ASTM D2938)

• Splitting Tensile Strength
(ASTM 3967)

Product Consistency (PCT)

Metal Phase 3 100 g. 250 ml plastic Inorganic Composition
(Core) sample jar (6010)

Scrub Solution 3 150 ml 250 ml plastic pH
sample jar Inorganic composition (6010)

Offgas 7 NA Suma Canister TO-14
Gas sample

Offgas 7 NA Petri dish, Gravimetric
Particulate

* Sample size is determined in accordance with ASTM D4543, "Standard Practice for
Preparing Rock Core Specimens and Determining Dimensional and Shape Tolerances."

i^ . ^r...^,. . , ... .. . . . ^ ....' ^ ^ . . . ....... ........... ^^ . ...
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Soil samples will be collected 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 NaHO2 fusion and a KOH fusion.
Both of these sample solutions will be analyzed using the standard EPA Method 6010 (ICP) to
determine total inorganic composition. The procedure for preparing the samples by fusion for
analysis using the EPA Method 6010 is included as Attachment 1.

W n' 6.2.2 Vitrified Product Strength

Core samples will be selected for analysis in accordance with the requirements stated in
ASTM D4543; "Srat,^ 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--Of€-Gas-Chatacterization

Gas samples collected in the Suma canister will be analyzed using TO- 14 as a guide.
Primary interest will be in identifying and quantifying the incomplete combustion by-products
fnund in the nff-vas

o----- ---------

7.0 Sample Chain-of-Custody

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-fonns can be obtainedirom he project manager. The project manager is the sample
custodian. A sample chain-of-custody form must remain with the sample at all times. Samples
must be secure at all times 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 into the project Laboratory Record Book. A copy of the sample chain-of-
custody from is included as Attachment 2.

_
The

fF 1 d....
procedure

c,._....:_ ^ •-- - _.... fo llowing pcuwc lvi us ing the chain-of-custody form w i ll be used for the 100 Area
ISV Pilnt-Scnle Drmnncrrarinn
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1) Field reconds will be completed at the time the sample is collected with samplers
initials, date and time.

2) 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
-describsdinsection-4.2-of-theSa.mple Rr A.^.alysis Plan

3) 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.

^-. 4} -- iie sample chain-of custody form mus[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

w^- IDarincr.
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TECHNICAL PROCEDURE

Fusion Procedure

1.0 APPLICABILITY

This procedure provides the method for the dissolution of
solid samples which contains high concentrations of
silicates and/or refractory compounds which will not
completely or readily dissolve in mineral acids. Fusion
procedures are used to dissolve these samples. Since an
alkali metal ion is added during the fusion, two fusions are
per€ormed-an each sample so that all the major metal ions
are analyzed on each sample. The potassium hydroxide fusion
is done in a nickel metal crucible and the sodium peroxide

- - -- - ----- fuSion-i-s -donein--&Zlrrnnium mw4w_1- crucible. When

specialized analyses are required, the fusion can be made
-using -a -differept -flux - and/or ^ -di-fferent-type--of-arucible.

2.0 DEFINITIONS

2.1 "Flameless" Electric Bunsen Burner - A nickel and
chromium alloy resistance heating element which directs
radiant heat to the sample with a maximum temperature
of 1000° C.

2.2 Flux - The melt material used to decompose the silicate
based or refractory sample. The two flux materials
generally used in this procedure are potassium
hydroxide (KOH) and sodium peroxide (Na202).

2.3 Oxidizer - Carbon
may be present in
potassium hydroxii
xOii fusions - as an

^ AIutbor

or some carbonaceous
some samples are not

ie. Potassium nitrate
oxidizer.

3.0 RESPONSIBILITY

3.1 Responsible Scientist

3.2 Cognizant Staff

4.0 QUALIFICATION OF PROCESS

materials which
oxidized by
is added to all

Solid samples containing high silicate or several of the
refractory compounds are not readily dissolved in a mineral

Z^

Aothorftry
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TECHNJCAL PROCEDURE

acid or a mixture of mineral acids unless one of the acids
is hydrofluoric acid. Hydrofluoric acid should not be used
aa one of the mineral acids since several of the metal ions
such as rare earths, alkaline earth metals, and chromium III
form fluoride compounds with low solubility products.

When one checks the literature, there are several fusion
methods used for the dissolution of silicate and refractory
samples. Some of the flux materials used are Na2CO3, NaOH,
KOH, Na2S=0„ and Na2Oz. Sodium carbonate was not selected
since the fusion is performed in a platinum crucible for one
hour in a muffle furnace at 1100° C. The NazS2O7 fusion was
not selected since sulfates form insoluble salts with
alkaline earth metal ions. The KOH fusion was selected
since the fusion can be made in a nickel metal crucible at a
temperature below 10000 C. Since potassium and nickel must
be analyzed in several of the samples, the second fusion
method selected was Na10z using a zirconium metal crucible.

When the sample analyses are performed using both the KOH
and the Na2v2 fusions, the two fusions are duplicate
analysis of most of the elements in the sample. The only
elements which are not analyzed in duplicate are Na, K, Ni,
and Zr. The reproducibility of the analyses between the two
fusions should be within the relative percent difference
rPwii--cf°^£=-aa required by the US-EPA CONTRACT LABORATORY
PROGRAM.

5.0 PROCEDURE

5.1 Check that the sample has been logged according to the
SAMPLE LOG-IN PROCEDURE , APSL-01.

5.2 Check the ANALYTICAL REOUEST FORM from procedure APSL-
01 to determine whether the sample is radioactive. If

i the sample is radioactive, perform the sample
preparation and all subsequent analyses in room 146,
324 Building.

i----------- _53- -.^_ All solid samples must be crushed and passed through a
t- -- 140 mesh . .sieve before performing a sample fusion.

5.3.1 Crush the solid sample using the tool steel
mortar and pestle.

5.3.2 Transfer the sample from the mortar into a 140
mesh sieve and sieve the sample. Any portion of
the sample which does not pass through the 140
mesh sieve is transferred back into the tool
steel mortar.

^ 5.3.3 Crush the sample in the mortar and pestle.

PROCE:)URE TO: APSL-03 I REI9SIOn \O.0 I EFFECTIVE DATE 11/12/92 Puge 2 or 7
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5,3.4 Transfer the crushed sample into the 140 mesh
I sieve-and-sievethe sample. Repeat steps 5.3.2

and 5.3.3 until all the sample has been
sufficiently crushed to pass through the 140
mesh sieve.

_ 5>4 -After-al-1_ the- sa_mple--has ,been-r.rushed and paesed
through a 140 mesh sieve, accurately weigh two separate
0.250 ± 0.075 gram of sample on an analytical balance
and transfer the two samples into a nickel and a
zirconium metal crucible. (Note: The nickel metal
crucibles are scribed with a letter and the zirconium
metal crucibles are scribed with a number.)

5.5 Record the weights of both samples to the nearest 0.1
mg along with the scribed crucible designation in the
appropriate section of a Xerox copy of the FUSION

^-' PROCEDURE WORK SHEET (Figure 1).

5.6 The potassium hydroxide (KOH) fusion is performed in
the nickel (Ni) metal crucible.

5.6.1 Weigh 1.8 ± 0.4 gram (about 20 pellets) of KOH
and transfer the pellets into the nickel metal
crucible containing the sample from step 5.4.
Add 0.2 ± 0.1 gram of potassium nitrate to the
Tti tc1 metai erue3``lQ.- .°.ec:rd the-e weights on
t}la Xerox aopy of the FUSION PROCEDURE WORK01 - -
SHEET .

5.6.2 Swirl the mixture in the Ni crucible so that the
ground sample is mixed with the flux material.

5.6.3 Preheat the electric Bunsen burner using a
variac set at 100. This variac setting should
melt the KOH pellets in about 3 minutes. If the
KUri pellets- do not melt in about 3 minutes,
increase the variac setting to increase the
temperature of the electric Bunsen burner.
Continue heating the Ni crucible for a total
..e^t tis.^ of about 10 minutes. ( Note: The
composition of some of the samples to be fused
will be different. If a significant portion of
the sample remains as an "aggregate" on the
bottom of the crucible during the fusion, the
sample may require a higher variac setting to
obtain a higher fusion temperature or longer

--fusioai -periosi tQ- completely dissolve the
sample.)

5.6.4 Remove the sample from the electric Bunsen
^ burner and allow the melt to cool to room

temperature.

I PROCEDURE NO; APSL-03 REYISION NO. 0 FFFECTNE DATE 11/12/g2 PnO. 3 of 7



TECHNICAL PROCEDURE

5.6.5 Slowly add approximately 10 mL of demineralized
JJ water to the crucible to dissolve the melt.

(Note: To hasten the dissolution.of the sample
on the bottom of the crucible, tip the crucible
on its side so that a small portion of the fused

- - mizture -(nrelt-r -is- exp-oser^ from under the water.
Dissolution of the melt at the water and air
interface is very rapid.)

5.6.6 When all the melt on the bottom of the Ni
crucible has dissolved, transfer the liquid
slurry into a 250 mL volumetric flask or a tared
borosilicate glass bottle. If a glass bottle is
used, record the tare weight of the glass bottle
on the Xerox copy of the FUSION PROCEDURE WORK
SHEET . Use demineralized water to wash the
slurry from the Ni crucible. If all the melt in

---._--.th^c- cruClble-Wa3--nE3t--c3Rpi2teiy dissoi'v'ed

causing an incomplete transfer of the melt, add
another 10 mL of demineralized water and repeat
steps 5.6.5 and 5.6.6 until all the sample has
been transferred from the crucible.

5.6.7 After completing the sample transfer from the
crucible, dilute the solution in the container
to about 100 mL with demineralized water.
Acidify the solution with 25 ± 5 mL of
concentrated hydrochloric acid.

5.6.8 Swirl the solution in the container to mix the
acid added in step 5.6.7. Acidification of the
solution should dissolve the sample. If the
sample is not completely solubilized (eg, a
flocculent, whitish precipitate), add 0.3 + 0.1
gram of oxalic acid crystals to the solution.
Swirl the solution to dissolve the oxalic acid.
If the solution does not clear in about 15
minutes, gently heat the solution on a
hot-plate. If the sample is still not
completely dissolved, notify the Responsible
Scientist .

5.6.9 Continue with step 5.8 of this procedure to
complete--the-YOH--fusion.

5-.7 The sodium peroxide ( Na2Oz) fusion is performed in the
zirconium ( Zr) metal crucible. -

5.7.1 Weight 2.0 + .0.2 gram of Na2O. and transfer the
Na202 into the zirconium metal crucible
containing the sample from step 5.5. Record the
weight of Na2O2 added on the Xerox copy of the^
FUSION PROCEDURE WORK SHEET .

PROCEDURE NO: APSL-03 REVISlO\ \O. 0 EFFECI'NE DATE 11/12/92 Page 4 of 7
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5.7.2 Swirl the mixture in the Zr crucible so that the
ground sample is mixed with the flux material.

5.7.3 Preheat the electric Bunsen burner by setting
----the-variac-to-read-1-19:-Ttiis-variac-setting

should melt the Na,0z in about 3 minutes. If the
Na202 does not melt in about 3 minutes, increase
the variac setting to increase the temperature

--- ----- ---of-the el£ctS!GBllnsen bllrner>-- Continue heating
the Zr crucible for a total melt period of about
10 minutes. (Note: The composition of some
samples will be different. If a significant
portion of the sample remains as an aggregate on
the bottom of the crucible during the fusion,
the sample may require a higher variac setting
for a higher fusion temperature or a longer
fusion period to completely dissolve the
sample.)

5.7.4 Remove the sample from the electric Bunsen
burner and allow the melt to cool to room
temperature.

5.7.5 Slowly add a few drops of demineralized water to
the crucible and let initial vigorous,
afferyegr,ent reaction of the water on the fused
mixture ( melt) to subside. Continue the slow
addition of water to the crucible until the
total volume of water added is approximately 5
mL. To hasten the dissolution of the melt in
the bottom of the crucible, tip the crucible on
its side so that a small portion of the fused
sample is exposed from under the surface of the
water. The dissolution of the melt at the water
and air interface is very rapid. Continue
r0tating the crucible until all the sample is
dissolved.

5.7.6 When all the melt has dissolved, transfer the
liquid slurry into a 250 mL volumetric flask or
a tared borosilicate glass bottle. If a glass
bottle is used, record the tare weight of the
bottle on the Xerox copy of the FUSION PROCEDURE

---- P3.^.RIC--.caHEET-.--Wash-th$--remaiiting-sl'u'rry---frfilTrthe -
i Zr crucible using demineralized water. If the

sample in the bottom of the crucible was not
completely dissolved and transferred, add about
10 mL of demineralized water and repeat step
5.7.5. Continue repeating step 5.7.5 and 5.7.6
until all the melt has been removed from the
crucible.

5.7.7 After completing the sample transferred from the

PROCEDURG NO: APSL-03 I REVISION NO. 0 I EFFECTIVE DATE 11/12/92 Page 5 of 7



TECHNICAL PROCEDURE

Zr crucible, dilute the solution in the
J container to approximately 100 mL with

demineralized water. Acidify the solution with
25 ± 5 mL of concentrated hydrochloric acid.

__-__--------..-'----K^7_.^j--$4.rir1- the anlntiQn- iP-thQ-cOntai.^.er to mix the
acid added in step 5.7.7. Acidifying the
solution should dissolve the sample. If the
sample is not completely solubilized (eg, a
flocculent, whitish precipitate), add 0.3 + 0.1
gram of oxalic acid crystals to the solution.
Swirl the solution to dissolve the oxalic acid.
If the solution does not clear in about 15
minutes, gently heat the solution on a hot-
plate. If the sample is still not completely
dissolved, notify the Resuonsible Scientist .

5.7.9 Continue with step 5.8 of this procedure.

5.8 If the container used in the KOH and/or the Na2O2
fusion is a 250 mL volumetric flask, fill the flask
with demineralized water to the fill mark on the neck
of the flask. Cap the flask and thoroughly mix the
solution.. Record the volume of the dilution on the
Xerox copy of the FUSION PROCEDURE WORK SHEET .

5.9 If the container used in the KOH and/or the Na202
-- iusi-osr i-s- a--barosilicate bottle, - fill the bottle with

demineralized water to the 250 mL graduation line on
the bottle. Weigh the bottle with lid on a balance and
record the sample plus bottle weight on the Xerox copy
of the FUSION PROCEDURE WORK SHEET . Also sign and date
the entry aiCrng with the balance M&TE number OI]_the -
Xerox copy of the FUSION PROCEDURE WORK SHEET .

/
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Figure 1

FUSION PROCEDURE WORK SHEET
Analytical and Process Support Laboratory

to Laboratory Number (LN)

2.0 . Customer's Sample Identification

ao Fusion

Crucible Used

Sample Weight

Flux Added

Potassium Nitrate Added

Balance Used M&TE
-- ------ - ------ Jignatiire and Dat'v

Potassium Hydroxide

gram

gram

- -gram

Sodium Peroxide

gram

gram

en nnurinn, _._ _.._.._..
- -USi27Qa-Vp[u[11Qtrir•. Flack

Potassium Hydroxide Sodium Peroxide

Volume ml ml

Sample Concentration ^ug/mi C^ug/ml

Using a Borosilicate Bottle

^ Solution + Bottle with Lid Weight gram gram
Bottle with Lid Weight (Tare) gram gram

Solution Weinht ------- ^r°^, °--
^--_-- n.. ------ y1ain

Sample Concentration ug/ml ug/mi

Balance Used M&TE
Signature and Date

I PROCEDURE HO: APSL-03 I REVISION NO. 0 1 FFFECrIVE DATE 11/12/92 1 Paee 7 of 7
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%CPA Battene
Paci(ic Norihwesr Laborarorles

Baltclte Boulevard

Company Contact-

Samples Collected by:

ID/3ample No.:

Ice Chest No.:

Remarks:

P_Sn cih_.la_
SmpQ^ nle u â+^..d raaa-+mi n

'r.--
caci

-
-..^ . ,^a.a w vn:

Destination: Carrier/Waybill No.:

Ground-Water Soil Other

-Shipping containerinterrlaltemperature Shipping container internal temperature

-When samples sealed in it . when opened in laboratory _

Sample Identification

Chain of Possession

Relinquished by:

Relinquished by:

Relinquished by:

Relinqidshedby:

Received by:

Received by:

Received by:

ReceivPd by:

Disposal Record No.:

Date/Ti me:

Date/Ti m e:

Date/Time:

Dat#/T-ime:

Date/Initials:

Date:

CHAIN OF CUSTODY
C•of•C:

I
Test UserlD:

_ Telephone: _

Time: ,

Field Logbook Page No.:

PrvL-MA-367,AD-,---
BC-1200-345 ( 12190)
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3.0 QUALITY ASSURANCE PROGRAM

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 Vitrification Group of the Waste
Treatrent Techeto-logy flepartment oi the Waste Technoiugy Center with support from

--- members II€--the Computational Physics Section of the Analytical Sciences
c the w__I!_^ nL.._e----Department of tne Hppiiea rnysics Center.

The QA program described herein was developed to address the U.S. Environmental
Protection Agency's ( EPA) QAMS-005/80, Interim Guidelines for Preoarina Ouality

- Assurance Pr-o.iect P}ans .- ThisOA Project P1-an-refers-tpPNL's-Qual-ii:-vAssurance
Manual , PNL-MA-70.

PNL's current Quality Assurance program (PNL-MA-70) is based on ASME NQA-1-1989,
Quality Assurance Program Reauirements for Nuclear Facilities and meets a
majority of the requirements of DOE 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
DOE-RL in April 1992. The approach is to incorporate the principles of 5700.6C
into PNL's Total Quality Management (TQM) initiative. Deployment of TQM
throughout PNL is a considerable task requiring time and resources to achieve its
intent. It is expected that the implementation phase will be initiated in 1994.

- The-work--conducted-under-th#s-Quality--Ass-urance-Project -P}an has-been-determined
overa}} to be PNL Impact levei II. Severai impact Level III tasks have been
identified. The project Work Breakdown Structure ( WBS) 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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43 X Final Re rt 7.3 X
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4.0 PROJECT DESCRIPTION

Thegoal of this project--is--t-o conduct a pilot-scale field test, perform
laboratory 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-I 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-regulated, 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

- t-hepii-ot=3zalg Hi(--unit taii i- be- per`rormed- to asse-ss the appi icabi l i ty 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--basi-s-for the destgn-of-sul'i-sca-l-e--FaV--equipmert-for-this application.

4.1 Chanae Control (Scooe. 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-projgct-management or the ciient. 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 shaii be evaluated, established and instituted at the time
a change in scope is made.
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5.0 PROJECT ORGANIZATION AND RESPONSIBILITIES

Line authority, Quality Assurance authority and support within PNL, and
------ --- =interfaces wi-th-W€s_t;ngho--:.i,e_Nanford-Company ;WHC; are shown in Exhibit 5.1.

Changes to organizational/interface structures shown in Exhibit 5.1, with
exception of the Project 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.
r-h..
co
cy"

,
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TABLE 5.1 . Responsibilities of Key Personnel

Personnel Responsibilities

Waste Treatment
Technology
Department Manager

Project Manager
Ja-Kael Luey

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 objectives.
Ensures___that_ t„he_ QA preject plan is prepared 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 laboratories, and
evaluates the results. Transmits documents and records
to WHC at project completion.

Quality Engineer
SE-Walker

Technical Specialist

Research Engineer

Provides the Project Manager with QA requirements
interpretation and implementation assistance. Provides
for Quality 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
site specific and test specific operating procedures and
supports the preparation of the Test Plan , Samr) lin g and
Analysis Plan , Radiation Work Permit , and the Health and
Safety Plan .

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 Manancr,
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6.0 DATA OIIALITY OR,]ECTIVES

Alternatives for remediating the 100 Area were developed and screened in the 100
Area feasibility study phases 1 and 2 (DOE-RL 1992a). The feasibility study
provides a starting point for identifying treatability study data needs to
support focused feasibility studies (FFS) for Interim Remedial Measure, Interim
Remedial Measure Design, final remedy selection, and design phases for Operable
Unit remediation. One screened alternative for solid waste in the 100 Area
involves removal, treatment, and disposal (D0E-RL 1992b). The disposal phase
would invoive disposal in trenches/pits and then capping with an engineered
barrier. Stabilization of the retrieved waste has been identified as a necessary
step to--aSSure--the--l-SFl9 -t-erm Per---'--f't7rmance^ f--theeny'ineered barriers placed over
the disposal sites.

In situ vitrification ( ISV) has been identified as a potential stabilization
technology for this retrieved solid waste. A pilot-scale treatability study is
to be conducted to provide the information necessary to make a decision on
whether the ISY_technolo is suitable as a stabilization techni ue. The rimar3Y 4 P y

==_measures for-such a decision will be the characteristics of the final product and
the successful processing of the solid waste by ISV. In addition to this data,
the pilot-scale demonstration will result in data that will be used as a basis
for full-scale conceptual design and cost estimates for this application. This
later data can be divided into two groups, process measurement systems and off-
gas treatment system.

This section provides background information on the technology, both in general
and for this application, and discusses the performance criteria for each of the
data groups to be collected for this pilot-scale demonstration: precision,
accuracy, completeness, comparability, and representativeness (PARCC).

6.1 BACKGROUND INFORMATION

In situ vitrification is a patented thermal treatment process developed by PNL
or fif . '1'r -^ •

a nd/or--.ha_i n-pl,a r̂e des} rUC t. iAFl--aRd '̂ mmobl,^a+icn of hazardous them^cal; anui^^
--rartic,nuci-ides in--soii-(isrouFlS;-"ouelt and Banner 1983; 6uelt et al. 1987; Hansen

and Fitzpatrick 1991). PNL's research has led to the development of the ISV
process as a viable remediation technology for contaminated soils and the
creation of a commercial supplier of ISV services, Geosafe Corporation.
Development efforts for ISV applications other than treatment of contaminated
soils has shown the process to be feasible for remediating buried waste sites

--_= (r.^Ll3f^ ^t° al : §gSi ^--aFld - i}Frfle rtriiiid- ŝ trFa'e ca7iRs ".., _.-
f rg y ^^rxier, ^orathers, and

Anderson, 1992). Field experience with these two applications show that the
nature of these waste sites can lead to significant pressures beneath the
advancing ISV melt that can lead to molten soil displacement events that
compromise the integrity of the ISV off-gas containment hood (Roberts et al.
1992).

The 100 Area ISV Pilot-Scale demonstration will not be performed on a simulated
waste site containing confined spaces such as drums and underground storage
nits. _Nowever-; due tt^-the-f^ie^h-3Eadiny of gas gene'rating material in the

simulated waste site, computational modeling of the ISV process will be performed
to assess the potential for a molten soil displacement event during the
demonstration. Preliminary work performed to date for a full-scale simulation
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of this application shows the key parameters to preventing such an event are
waste loading, site permeability, and processing rate ( Roberts, Strachan, and
Luey 1992). Data collected during the pilot-scale demonstration will be used to
verify the computational modeling method. Once verified, the computational model
will be used to define the ISV operating envelope for application to combustible
and compactable waste. In addition to data that will be used to verify the
computational model, data will be collected to characterize the overall ISV
process to assist in the design of full-scale equipment for this application and
to provide a basis for cost estimates to this application.

Tcv oonrrcc

Figure 6.1, ISV Operating Seauence , illustrates the ISV process. An array of
graphite electrodes is inserted a few centimeters into the ground. Because soil
is not electrically conductive when its moisture has been driven off, a
conductive mixture of graphite and glass frit is placed between each electrode
to serve as a starter path. An electrical potential is applied to the electrodes
to establish an electrical current in the starter path. The flow of current
heats the starter path and surrounding soil to well above the initial soil-

- melting_temperatures of 1100°C to 14000C. Once the soil becomes molten, it
becomes electrically conductive, and the molten re ongi grows outward and
downward. tionvolatiie radionuclides and inorganics become incorporated into the
molten soil, which is processed at temperatures between 1450°C and 2000°C.
Organic components in the soil are destroyed by pyrolysis. The pyrolyzed
byproducts migrate to the surface, where they combust in the presence of air.
A hood placed over the area being vitrified directs the gaseous effluents to an
off-gas treatmentsystem, where they are scrubbed and filtered before being
released to the atmosphere. Upon cooling, the solidified glass and crystalline
monolith is highly resistant to leaching and is estimated to be stable for

----- ---- geologic periods. For expansive contaminated areas, adjacent settings of the
process result in the formation of a single, contiguous monolith.

aaoktm

- =^

w.

Fi91lre 6.1 ISv orocess
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6.3 DATA TO BE COLLECTED

Figure 6.2, ISV Process Data Elements , illustrates the elements of the ISV
process from which 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" identify the
instrumentation to be used to collect data from the different elements of the 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

_Wen-tifi-ed iQ__these--_tabl_es will help meet the demonstration objective for
de-fifling-the--ISI!technoaogy operating envelope for.application to combustible and

L
compactaoie iiaste.

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

Combustion Air Inlet - 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.

Off-Gas Exhaust - The off-gas exhaust refers to either the off-gas exit line 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 temperature, flow rate, and composition is
necessary for complete material balance on the off-gas hood. Since the pilot-
scale,iemonstrati_on will not contain any radioactive or hazardous material, the
primary off-gas constituents of interest thatwill 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
positivepressure-_sealsthat 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 €l2ctrodes----The graphite el€ctrodes-provide thr-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.

, .. ,I..n. .. , . _. . 1 ... .....
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Off-Gas Hood - This term refers to both the off-gas hood itself and the volume
contained by the off-gas hood. The off-gas hood confines gases and particulate
evolving from the ISV melt for processing in the off-gas treatment system.
dmportant_parameters to evaluate the performance of the off-gas hood include the
temperature of the off-gas hood (both the atmosphere inside the hood and the hood
structure), 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
_..:_---•

--------- -- RrocessZorle (ISV Melt, Surrounding Soil, and Simulated Waste) - The process zone
is the area affected by the ISV process. Characterization of this zone is needed
to verify computational model predictions and provide operating information for
full-scale equipment design and cost estimations. The primary parameters are a)
temperature and pressure in the simulated waste site and surrounding soil and b)
temperature in the melt.

ON
Off-Gas Treatment System - In addition to the ISV process data shown in Figure
6.2, data will be collected on the off-gas treatment system. This system uses
a wet scrubbing system to capture particulate evolved from the ISV process and
to removeacid_and other gases from the off-gas stream before it is released to
the environment. A complete description of the off-gas treatment system may be

^^,found in the Safe Operating Procedure (SOP) for the Pilot-Scale ISV system.

6.4 D00 DEFINITIONS

PARCi. factors -discussed in this section are Precision, Accuracy.
----- R_euresentativeness. Comnleteness. and Comoarabilitv . Revision to the PARCC

factor definitions for specific analyses will be addressed in each of the PARCC
definition sections.

ACCURACY =-a measure of the bias of a system or measurement. It is the closeness
of agreement between observed and real values.

Product Characteristics - For this project, accuracy will be determined through
user verification that analytical equipment is within manufacturer's
specifications. This verification procedure will be used in place of standards
because standards for the ISV process are not available. Documentation that the
analytical equipment is within specifications will be a requirement in the

-- -statement of work for the laboratory work performed.

Process Measurement Systems - For this project, accuracy of process measurement
data will be determined through user verification that instrumentation is within
manufacturer's specifications. Such verification of instrumentation will be
recorded on data sheets and/or in the laboratory record book. Refer to section
9 for calibration procedures and frequency. Since the process measurement data
will be collected by a data acquisition system (DAS), the connections to the DAS
will be checked using a calibrated source to simulate the signal from a
measurement instrument. The signal recorded by the DAS must be within 15% of the
input signal. This verification will be recorded on data sheets and/or the
laboratory record book.

Off-Gas Treatment System - For this project, accuracy of off-gas treatment system
data will be determined through user verification that instrumentation is within
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manufacturer's--speei#ications. Such -ser-i#i-c-ation-of'--instrum,entatior, will be
recorded on data sheets and/or in the laboratory record book. Refer to section

_.9_for_4al.ibration_procedures_and..f.requencyd...S.inSe-the-orocess-measur-ement-dat.a
will be collected by a data acquisition system ( DAS), the connections to the DAS
will be checked using a calibrated source to simulate the signal from a
measurement instrument. The signal recorded by the DAS must be within 159'e of the
input signal. This verification will be recorded on data sheets and/or the
laboratory record book.

PRECISION - a measure of mutual agreement among individual measurements of the
-- -------- ------same--pro{derty, - usually - ......-^ nrncrrihuil eimila^- rnn.li+i.^.n5rler r ........ .,..... ....^^.... .

P o ct Characteristics - _For this_proiect, nrQcision--ap-plies to the chemical
Ur laboratory analyses that will be performed on the final ISV product (i.e.,

analysis for durability and chemical composition). Laboratory duplicates will
be prepared by subdividing selected core samples prior to delivery for laboratory
(anRaPlD,sis. Precision can be expressed in terms of the relative percent difference

c-^

(C1-C2)
RPD=

[ (C1+C2) /2]
x100

RPD = relative percent difference
C1 = larger of the two observed values
C2 = smaller of the two observed values

For chemical durability testing , the RPD must be less than 50% for duplicate
samples. For chemical composition, the RPD must be less than 50% for the major
constituents of duplicate samples. Major constituents shall be defined as any
chemical component that is greater than 103'e by weight.

For ohysical laboratory analyses , precision is not applicable because the core
sample submitted for analysis is compromised during the analysis (i.e., the
analysis is-a destructive analysis).

Process Measurement Systems - Precision is not applicable because the
measuremerts taken are a function of time. Therefore, it is not possible to
measure the same property to achieve a value for mutual agreement.

0ff-Gas Treatment System - Precision is not applicable because the measurements
L
.
a

C
t

i,_
V6

^r 1
41
:__
me-. possible to measure the same----------- ..1.=are--a= 11r!c^_- Sd---l-lSnreFpro^ is not

property to achieve a value for mutual agreement.y
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COMPLETENESS - a
system compared
circumstances.

measure of the amount of valid data obtained from a measurement
to the amount that was expected to be obtained under normal

For this project, completeness will be expressed as:

%C=100xV
N

V - number of valid data points acquired
N= total number of data points

Because of the nature of the data to be collected for the ISV project (i.e.,
combination of electronic and analytical data), it is necessary to further
define the total number of data points for each type of data.

^, Product Characteristics - Samples collected for structural analyses, chemical
^ durability, and chemical composition, will be obtained via coring of the final
`° ---- -ISV monolith._ This-corina-^i-ll res,ul-t-innumerous samples- of- the ISV--nrn^+urr, .. ,, .... ...,

not all of which will be analyzed. For this project, completeness for product
characteristics will be defined based on the number of samples sent to a
laboratory for analysis. A minimum of 50% completeness must be obtained for
each of the three analyses of the product with a minimum of six samples being
submitted for each analyses. If 50% completeness is not achieved for any
given analyses, then a second set of samples will be sent to achieve the 50%
completeness target.

Process Measurement System - Due to the nature of the ISV process, much of the-
instrumentation placed into the soil will not survive the entire test. For
these instruments, the total number of data points that is expected will be

- based on the lir`e of the instrument. Type K thermocouples and pressure
serrsors_are expeci;e&-ta fail at a temperature of 1200°C. For type C
thermocouples, the instruments are expected to fail at 1800°C. For the
remainder of the process measurement instrumentation, the total number of
expected data points is determined by the sampling frequency and duration of
the pilot-scale demonstration. For a typical pilot-scale test, this will be
about 10,000 data points. Completeness for the process measurement system
data must be greater than 75% to ensure sufficient data for analysis.

0ff-Gas Treatment System - The total number of expected data points from the
off-gas treatment system is de'termined by the sampling-frequency and the
duration of the pilot-scale demonstration. For a typical pilot-scale test,
this will be about 10,000 points. Completeness for the off-gas treatment
system data ^^ust be greater than 50% to ensure sufficient data for evaluating
the off-gas treatment system.

L, ...q.I. . .. ... ..... .. ..... ..._.
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REPRESENTATIVENESS - expresses the degree to which data accurately and
precisely represent a characteristic of a population, parameter variations at
a sampling point, a process condition, or an environmental condition.

P-roduct Characteristics - The final ISV product is a monolith with a sintered
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 the
ISV product to ensure that data from these samples is representative of the
e1n11.wn i^wnl

pruuul4
4^

1I C 1 I IIY 1 . -

Process s nt S ystem - For measurement of temperature and pressure in
the soil and simulated 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 and simulated waste regions. Exact placement of the
instruments into the soil and simulated waste at predefined locations is not^.wx

r-
.-eu^^ . 'ir.--e

J. „Loi^
-
ev!r

.- 1 • ng the - }OC8tl81f Bf the n5triimen^
1
a LL y areu;= ; ^ng. 1Liun once in2

placed 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 the representativeness of the data since the data collected will
sti_11o_btain_thedesired process information ( i.e., melt rate, melt shape,
heat flux, etc.).

Off-Gas Treatment System - Representativeness of the data collected from the
aff-gas treatment system wi l l_ he ver_i figd 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.
Comparability of other data will be discussed, when appropriate, in the final
report.
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Table 6.1

PROCESS MEASUREMENT SYSTEMS

Test Measurement Sampling Range Required

Parameter Instrument Frequency Eng. Units AccurBcy

Air Inlet Temperature (T) Type T Thermocouple 60 s 0-12000C ± 5°C

(ambient) Type K Thermocouple 60 s 0-1200'C t 200C

Alr Inlet Pressure (P) Barograph 1 hr AP• in. Hg ±.075' Hg

Air Inlet Flowrate (F) Pitot Tubes 60 s 0-15 m3/min. t 2%

Off-Gas Temperature (i)

Exit Line Type K Thermocouple 60 s 0-1200'C ± 20°C

Off-Gas Treatment Stack Type T Thermocouple 60 s 0-12000C ± 50C

Off-Gas Flowrate (F)

Off-Gas Treatment Stack Pitot Tube

I

60 s 0-15 m3/min. ^ 2%

^OtT-Gas Concentration (X)

Ambient 02 Concentration Electrochemical 5 min 0-25% ± 4% Full Scale

Stack 02 Concentration Electrochemical 60 s 0-25% ± 4% Full Scale

Ambient CO Concentration Infrared 5 min 0-1900 ppm ± 5% Full Scale

Stack CO Concentration Infrared 60 s 0-1900 ppm ± 5% Full Scale

Ambient CO2 Concentration Infrared 5 min 0-15% ± 2% Full Scale

Stack CO2 Concentration Infrared 60 s 0-15% ± 2% Full Scale

Electrode Seal Air Temperature (T) Type T Thermocouple 10 min 0-1200°C ± 5°C

Electrode Seal Air Pressure (P) Pressure Regulator 30 min 0-40 kPag ^ 1.0 kPa

Electrode Seal Air Flowrate (F) Float Tube 30 min 0-100 L/min ± 50 L/min

Graphite Electrode Voltage (V) Digital Volt Meter 60 s 0-1000 VAC ±05% or 5 Volts

Graphite Electrode Current (1) Digital Volt Meter 60 s 0-1000 Amps AC ±0.1% or 5

Off-Gas Hood Temperature (T)

Plenum T^,e K Thermocouple 60s 0-1200°C ± 20°C

Off-Gas Hood Skin Type K Thermocouple 5 min 0-1200°C ± 20°C

OfiGas Hood Pressure (P) Differential Pressure Gauges 60 s 0-17 kPag ^ 0.05 kPa

Off-Gas Hood Heat Flux (HF) HT-50 (Heat FIucSEnsor) _ .-5min - --0-100J-BTLT/hr - ± 10%Full-scaie

ISV Melt Temperature (T) Type C Thermocouple 30 min 0-2300°C ± 20°C

Surrounding Soil Temperature (T) Type K Thermocouple 5 min 0-1200°C t 200C

Surrounding Soil Pressure (P) Pressure Xducer 60 s 3-35 kPag ± 1 kPa

imuiated Waste Temperature (T) Type K Thermocouple 5 min 0-2300°C ± 20°C

Simalcted "aste Pressure (P) Pressure Xducer 60 s 0-35 kPag ± 1 kPa

^
^

c^
r^c

Q



QA Project Plan
WTC-072, Rev. I
Table No. 6.2
Page 1 of 1

Table 6.2

Off-Gas Treatment System

ZZ,
Q^

Test

Parameter

Measurement

Instrument

Sampling

Frequency

Eng. Units

Range

Required

Accuracy

Off-Gas Treatment System

tia_l Pr@c„sn̂ rs11-Venturi--^iaS T_eren -T?i(€.- Pressure-Xd er- 10 m-in -0 nw. -̂30 ± 2%

Gas Differential Pressure @ Hydrosonic Diff. Pressure Xdcer 10 min 0-90 in. wc ± 2%

Gas Differential Pressure @ Condenser Diff. Pressure Xdcer 10 min 0-30 in. wc ± 2%

Gas Differential Pressure @ HEPA Diff. Pressure Xdcer 10 min 0-3 in. wc ± 2%

Pump 1 Outlet Pressure Pressure Transducer 10 min 0-125 psi ± 2%

Pump 2 Outlet Pressure Pressure Transducer 10 min 0-50 psi ± 2%

Pump 1 Flow Electronic Flowmeter 10 min 0-50 gpm ± 5%

Pump 2 Flow Electronic Flowmeter 10 min 0-30 gpm ± 5%

I

Glycol Coolant Flowrate Electronic Flowmeter 10 min 0-100 gpm ± 5%

Glycol Coolant Temperature Type K Thermocouple 10 min 0-1200°C ± 20°C

Pressure @ Blower Diff. Pressure Xdcer - I 10 min 0-140 wc ± 2%

Tank I Liquid Level Diff. Pressure Xdcer 10 min 0-350 L ± 2%

Tank 2 Liquid Level Diff. Pressure Xdcer 10 min - 0-350 L ± 2%

Off-Gas Temperature @ Venturi Type K Thermocouple 10 min 0-1200°C ± 20°C

Off-Gas Temperature @ Stack Type K Thermocouple 10 min 0-1200°C ± 20°C

Tank 1 Liquid Temperature Type K Thermocouple 10 min 0-1200°C ± 20°C

Tank 2 Liquid Temperature Type K Thermocouple 10 min 0-1200°C ± 20°C
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7.0 SAMPLING PROCEDURES

Sampling procedures are detailed or referenced in Section 5. of the
---- ----en,4Analaeae-Ill^w-£a»-aL^ tnn e^n^ 1511 Dilni fn^ln TQII M........i-i..
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8.0 SAMPLE CUSTODY

8.1 Samole 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.

8.2 Corrections to Documentation

If an entry error is made on any field or laboratory documentation, an
-indi:;dual may correct the error by drawing a line through the error and
entering the correct information. The error shall not be obliterated. All
non-editorial corrections shall be initialled and dated.

cte
Cttl
ti3

C^^
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9.0 CALIBRATION PROCEDURES AND FREQUENCY

All measurement and test equipment ( M&TE), for which PNL is responsible, must
be ccntrol7ed in- accsrdance- raitl3- PNL-#'Jl-70- Admin}strative Procedur e PAP-70-
1201, Calibration Control System.

Category 1 M&TE is calibrated by an approved metrology organization. All
organizations 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 ?--M&TE-i-s tali-brated by th@-Ajser. -Reqeirements for documentirg uscr
calibration of Category 2 M&TE are included in PNL-MA-70 Administrative
Procedure PAP=70=1201,-Caiibration 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

c t not calibrated but is performance checked in the field and is for indication
only- Per_ormance checks ^r^r^corderl on the FiE1d Recor-d Fnrm;

^:;^
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10.0 ANALYTICAL PROCEDURES

Analytical Procedures to be used are detailed or referenced in

c^
'.C'..k

C^!
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11.0 DATA REDUCTION. VALIDATION. AND REPORTING

Data to be collected for the 100 Area pilot-scale demonstration includes;

• site and equipment preparation activities such as identification and
placement of sensors used in measurement systems;

• process data including temoerature (in the off-gas system, soil, and
simulated waste site), oressure (in the off-gas system, soil, and
simuiated waste), flow rate (inlet and outlet streams for the off-gas
hood) heat flux (from the off-gas hood) and applied current and voltaae ;

• and post test characterization of the ISV product (laboratory analysis
and observations).

C=) This data will be recorded via bound laboratory record books (LRBs),
photographs, data sheets, analytical laboratory reports, and electronic data

•` files. Data validation will be performed. via signed reviews of the data by
the shift engineer at the time of data collection; signed review by either the
shift engineer, project manager, task leader, or equipment specialist of the
data collection source (i.e., data acquisition system); and/or calibration

12Y•^ records (signed by the equipment custodian and calibrator).

11.1 Data Management and Reporting Procedures

The data recording methods will be managed as follows:

LRBs: The first entry on a page in the LRB will be signed and dated;
successive entries on the same page will be dated and/or timed and initialed.
When appropriate, entries into the LRB will also include the time of entry.
The LRB--will -be--reviewed -quarterly-for both technical content and completeness
of entries. A copy of the LRB will be included in the project file at the
completion of the project.

_===--PhetographsT=Photographs=decumenti-ng=i;he sate=and equTpment--preparation, test
operations, and post test examination of the ISV product will be taken. The
first frame for each roll of film will be a photograph of a card denoting the
dateand_Lime. Entries will be made into the LRB denoting when photographs
are taken and describe the object for which photos are being taken. Proof
sheets will be made for each roll of film and the negatives indexed for future
prin'ts. A set of the proof sheets will be kept in the project files. The ISV
site location is documented in section 3.0, "Test Objectives" of the "Test
Plan for the 100 Area ISV Pilot Scale Demonstration".

Data Sheets:-Data sheets will be used during the pilot-scale demonstration to
ye

' '
1

♦ J L L _a
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T-_-rh-̂LSa{,3-}nr_erc to be ilcarl are
located in Appendix E of.the Test Plan. Entries onto the data sheets will be
initialed and dated. Upon the completion of a data sheet, the shift engineer
will review the entries and sign the data sheet as being complete. Upon the
completion of the pilot-scale demonstration, the original data sheets will be

_ ♦ ♦ r... ^ c'i
sV^red_ ih^_••"•jec-

.^ L J^-L LL 1 nR c ^ ^ r^^S and 8 tupy inSeri,cu in^u ^ne On

Analytical Laboratory Reports: The analytical laboratory reports will be kept
in the project files. The SOW for analytical work will require the laboratory
performing the analysis to maintain analytical records until completion of the
project. These records shall include calibration and verification checks of
analytical instrumentation used, sample preparation methods, and any deviation
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from a procedure. These record requirements will be stated in the SOW for
analytical work. In addition, the SOW will contain instructions pertinent to
the transfer of records, test method, procedures, validation, surveillance,
deficiency reporting, nonconformance reporting, and chain-of-custody.

Electronic Data Files: The original electronic data files will be controlled
by the project manager and formatted as read only files. Reduction of the
electronic data will be performed using working files that are copies of the
original data. Manipulation of the data will be documented either in the LRB
or by a memo to the project manager summariZing the manipulation performed.
PNL Ad^^inistrative Procedure PAP-70-301 will be used to control Hand
Calculations. ( see 11.3 below)

11.2 Process for Handling Susoect or Unacceotable Data
^.^

When the initial data review identifies suspect data, that data must be
investigated to establish whether it reflects true conditions or an error.
The investigation must be documented using a Request for Data Review ( Exhibit

4.;. 11.1). The Project Manager shall issue RDR numbers and maintain a log of all
RDRs generated identifying their status ( i.e., date issued, and date closed).

If a data value is determined to be in error, the source of the error must be
investigated, the correct value established if possible, and the erroneous
value replaced with the correct value. If the investigation concludes that
the data are suspect (possibly in error) but a correct value cannot be
determined, the data must be flagged in the comments column to indicate its
suspect status.

If the source of the error was noncompliance with an established requirement
---- or-procedure,a-DeficiFr.cy-Report (DR) m!.mt be generated in accordance with

PNL-MA-70 Administrative Procedure PAP-70-1502, Controlling Deviations from QA
Requirements and Established Procedures. If the source of error was due to
the nonconformance of an item, then a Nonconformance Report ( NCR) must be
generated in accordance with PNL-MA-70 Administrative Procedure PAP-70-1501,
Moncon#srmance-ltepor--ts, - As-a minimum, the Project Manager and the Quality
Engineer must be copied on the data investigation documentation (RDR).
Nonconformance and Deficiency reports shall be sent to the WHC cognizant
engineer and cognizant QAE for disposition concurrence prior to initiating the
disposition.

- --- --- -- ----- 1
' ' l.a:......

and
r..^-..r-._ u-^_i:_
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Hand calculations used for determination of various test parameters, data
conversion, and data reduction will be controlled and validated in accordance
-With PAP 70-301 "Hand Calculations, General." Data reduction performed with
the aid of commercial "spread sheet" software will-also be Controlled and
validated in accordance with PAP-70-301.

Complex calculations ( computer modeling) and data reduction involving
development or modification of software will be controlled, validated, and
reported in accordance with PNL MA-70 SCPs "Software Control Procedures."
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EIGIIBIT 11.1

l

Originator:

Project:

Sample #:

Constituent:

2

0.

^-^^..^

^ievi ewer: Date:

No.:

MSIN:

MSIN:

Other:

Attachments:

4

Reason for Review

Phone #:

Phone #:

Collection Date:

Value:

Data Review Findings

Response/Action

Laboratory Coordination: Date:
Signature When Complete

s
.. YYiY YYJL IIIY/fY^,'G//fG//L l11.{{V/{

Data Base: Date:
Signature When Complete

6 RDR Clasure

Project Manager Leader Signature Date

Originator's Signature Date Quality Engineer Signature Date

7 Distribution
Originator Project Manager Reviewer
RDR Logbook (original) Quality Engineer

Requestfor Data Review (RDR)

Date:

Manager:

Well #:

ADDITIONAL DISTRIBUTION AFTER CLOSURE:
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12.0 INTERNAL QUALITY CONTROL CHECKS

12.1 Physical and Chemical Tes tOualitv Control Checks

Characterization Analyses: The requirements for an internal laboratory QC
-program that-is-implemented -through -the-l-abora-tory=s -analytical procedures will
be passed to the Analytical Chemistry Laboratory ( ACL) via Statement of Work
(SOW). In the case of a non-PNL laboratory being used, requirements will 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
^e r. ........... ...

^ 12.2 Acceotable Limits/Results Reauirino Actionr^!

^. ^ The acceptance limit for blind standards is ±2 standard deviations (s.d.). In
CNJ_ - inter=iaboratory comparisons using actual field samples, difference between

laboratory results of 2.8 s.d is allowed. This criterion is based on the
reproducibility limit, with 95% confidence that random error is not responsible
for the difference.
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ORMANCE AND 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-

----- --- ---- times---b35iS. TO additiont they provide a cOst effeCtive means to view a wid@

range of project and anaiytical processes.

Compliance, real-time, and data traceability surveillances are performed by
- ---- --------Quality-Engineers--e#--±he-l7ua?_ity Verifications Department ( QV). Compliance

--survgillances -areperfprmed to ensure that a specific requirement, or set of
-------- -----requ-irements, i-s being -implemented< -Real-time surveillances are performed during

the work or analytical process to ensure that specific standardized procedures
are being implemented. Data traceability surveillances are performed to ensure

CO that the resultant project data are traceable back through the analytical
s^ process, through sample handling and transportation, back to the date, time,

location, staff, and 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 Performing Surveillance.
C" :

A minimum-of two-(2) surveiiiances-will be performed during the Tife of this
----«.- -- -^iryj_e^_t ^itye-th^i^ -i_S1=t^et$rmiitatisdt of iper^t7_nal- rEadlReSS aifd'agaYfl^fiii'iP^g

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 wit11 PNL-MA-70 Quality
Assurance Procedure PAP-70-204, QA Audit Personnel Qualification.

The resuits of surveiilances and audits will be made available to project and
--- --- -----^-ine-mt'rn°¢gem°cnt--a$ wcii c.`^ tv indiriduaii ^unt'ai.ted.
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14.0 PREVENTIVE MAINTENANCE

Routine equipment and facility maintenance and instrument services ensure the
timely and effective completion of a measurement effort. The Research and

---- ----- Development:- na*ure- of- the dSV-equipment is not conducive to a regular
preventative maintenance schedule due to its infrequent use. Because of this

--irfrequent-use, the equipment is thoroughly checked 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 list the critical spare 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 than 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.

e>^
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Scrub pump spare seals ( 1 ea. 2 sizes t800 CD-SP and #600 CD-SP).
Chart paper L&N 0 to 1200°C 0545827 and L&N 0 to 1500°C # 545862.
Data acquisition program blank formatted data disks.
Vacuum transfer lines and drum fittings.
CV1 files, drawings, for all systems.
Fire extinguishers.
^iip `uuar'ua.

Tool box with bailing wire.
Chairs.
Extensions ladders ( 2 ea). steps ( 2 ea). step stools (1 ea).
Flashlights and batteries.
Extension cord plug strips (4 ea).
Extension lights (2 ea).

. Shop vaeuum, attaclments and filters.
Power recorder.
Track light bulbs.

-L;gnwtiios[iw wj, and spoiiigni ouios.
Long nylon chokers (2 ea).
Insulating blankets (3 ea).
Drun oume hose and fittings.
Bro°ms, dust pans, and garbage cans.
Sten-off oads.
Rubber mat (1 roll).
CAM (if required).
Portable eye wash (2 ea).
Plastic buckets (8 ea).
Terry towels ( loose).
Safety belts (2 ea).
Toilet paper ( 6 rolls).
Boxes for sample shipping.
Miscellaneous stainless steel fittings.
Nuts, bolts, and washers ( miscellaneous).
Poly tubing ( 3/8 in., 1/2 in., 3/4 in.).
Ph paper.

Oe-Ice ( winter only).
Miscellaneous office supplies ( pencils, paper, yellow tags, etc.).
Radiation waste boxes ( if needed).
Large plastic bags ( 1 roll).
First aid kit (1 ea).
Spill kit (1 ea).
55-gal drums (if needed).
Fire-retardant plastic ( 20 ft x 100 ft).
Camera, flash, film.
Stack air sample tubes.
Vacuum pump oil.
Automatic transmission fluid.
WO-40 ( 2 cans).
Electra Clean ( 6 cans).
Garden hoses (2 ea).
Window cleaner and soap.
Water containers--drinking (2 ea).
Full face masks.
Half face masks.
Hard hats.
Safety glasses.
Dark face shield (2 ea).
Clear face shield (2 ea).
Noise protection (head sets and plugs).
Leather gloves ( size 8).
Leather gloves ( size 9).
Leather gloves ( size 10).
Viton gloves.

---Radi-atioR yioves ( canvas).

Surgical gloves ( sizes: 7-1/2, 8, 8-1/2, and 9).
o,an- --_

year
- (d.is----_^posauiie_).

Canvas shoe covers.

i . .^..,^.. . , ..
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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).

__E?ua-lab cots S.--d1;: and'arge).
Towels.
Disposable coveralls ( medium, large and extra-large).
Rubber boots - nonradioactive ( 3 sizes).
Electrical high voltage gloves.
Fiber tape ( shipping).
Duct tape.

Marking tape.
- - -- -Eiectrical tape ( specify i33).

Fiberglass tape.
White plastic tape.
Fuses - 500 amps.
Fuse fast acting 100 V, 1 A. bus lKTK1.
Fuse dual element 600 V. 3 A, bus #FNQ3.
Fuse 250 V, 1/2 A. bus KTK 1/2.

CR.^ NOV varister, G.E. /V480PA80A.
C'-^ rr n__-_ acnni
n^i lY VY-N11^1, ^TJJVJL KBJD3.

IC Op-amp, GE H11C1 8446.
11. Op-ary, nvi7»1CP 1 L8442.
IC Op-amp, MC140018 CPZG8447.
IC Op-amp, NE556N.
5CR triggering board.
Fuse (3/4 A one time fuse), bus.
Heater, G.E. C19.88.
Heater, G.E. C4.19A.
Heater, G.E. C33.OB.
Heater, G.E. C3.26A.
Heater, r_. F n ,eae

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. H2O.
Shovels (3 ea).
Pick axe (1 ea).
Sledge hanmer (1 ea).
Metal rake (1 ea).
6-ft folding rulers (4 ea).
Electrode lifting swivel.
Kao Wool ( 2 rolls).
Never Seize.
8" Off-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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15.0 CORRECTIVE ACTION

Corrective action must be initiated by the Project Manager or cognizant Task
Leader when unolanned deviations from procedural, contractual or regulatory
requirements occur. The need for corrective action may be revealed by
observations of measurement system response, during data reasonableness checks
(brief comparison of newly collected data against observed historical trends),
when discrepancies are noted during instrument calibration, or during data
analysis. Planned deviations are discussed in section 15.2, below.

15.1 Measuring and Test Eauioment (M&TE) Calibration Discreoancies

Instruments or equipment found to be operating outside acceptable operating
-ranges- (-as specified--in- the appl-ical3le -tec-h,nical procedure- or- manufacturer's
instructions) must be investigated. A Calibration Discrepancy must be initiated
in accordance with PNL-MA-70 Administrative Procedure PAP-70-1201, Calibration
Control System, when it is determined that M&TE is not within calibration and/or
when data have been collected after the calibration expired.

15.2 Deviations from Procedures or Reauirements

Unplanned deviations from procedural, contractual, or regulatory requirements
must be documented by completing a Deficiency Report (DR) in accordance with PNL-
MA-70 Administrative Procedure PAP-70-1502, Controlling Deviations from QA
Requirements and Established Procedures. The DR must identify the requirement
deviated from, the cause of the deviation, whether any results were effected, and
corrective action needed to remedy the immediate problem and to prevent
recurrence.

Planned deviations, documented on the test plan, test procedure, SOP, and/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.

15.3 Corrective Action for Significant Conditions Adverse to Ouality

When significant conditions adverse to quality are identified, the cause of the
conditions and the corrective action taken to preclude repetition will be
documented and reported to Immediate line management for review and assessment
by a Corrective Action Request (CAR) in accordance with PNL-MA-70 Administrative
Procedure PAP-70-1602, Corrective Action. "Significant" conditions are
identified in Section 4.2.1.1 of PAP-70-1602.
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6.0 OUALITY ASSURANCE REPORTSTO MANAGEMENT

Deviations from this QA project plan, as well as the results of surveillances and
audits, must be documented, described and reported to the Project Manager.

-Qua?-i-ty- Ass^srdnce - related--informati-o,, -must-be ^-eviewed by - the- Cogn iZant PNL------ - - - -
---Quality-Engi-neer.

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 documented.

Line management must be included on the distribution of all audit reports.
Signi-ficantproblems-encountered in -day--to-day--3perations-s,ust -be---reparted to
line management immediately by the Project Manager.
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17.0 RECORDS

Definitions

Working Files - Documents ( record material) supporting a task or activity
that become quality assurance records when the task or activity is
completed.

. .;^-- - _- - Qual iis} A§§uranee Records -Comp}eted records that farn I sh ^. I U.,c^n,.e of the
quality of items and/or activities affecting quality. When a deliverable,
task, or activity is comoleted , working files become quality assurance
records.

17.1 Records Management
.-t
C-D Project records must be indexed and maintained in accordance with PNL-MA-70
r'' Administrative Procedure PAP-70-1701, Records System. A Records Inventory and

Disposition Schedule (RIDS) must be prepared and submitted for review and
approval by the Records Specialist and Quality Engineer. Records retention

^-__-- schedules shall be based on DOE Order 1324.2A, Records Disposition , and
,.... applicable regulatory requirements as delineated by PNL-MA-68 "Records Management

and Document Control".

The Project Manager must assure that documents are reviewed for technical
adequacy, accuracy, and completeness to verify that the documents support
fitness for operation and conformance to specifications and procedures.

Any problems or deficiencies noted in the records must be properly
resolved and documented in accordance with PNL's deficiency/nonconformance
system (see Section 20).

17.2 Turnover of Records To WHC

-------=-uroject--rQcords w;lihe ±ransferred -tathe PNWD-Records-Center-at least-annually.
Within 30 days after project completion, all remaining records will be
transferred to the PNWD Records Center. All PNL generated record copy, Quality
affecting documents shall be transmitted to WHC within 90 days after completion
of the project. These activities must be coordinated through the PNL Records
Specialist. Records generated by the analytical laboratory will be handled as
defined in section 11 of this QA Project Plan.
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18.0 PROCUREMENT CONTROL

is,i Purchase Reauisitions 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.

3S c Work-Grders-and WorK Packaae 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 accompany each WO or WPA.
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19.0 STAFF TRAINING

Staff performing activities affecting qualityshall_be issued dor-umented training
------ --------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.

-^a

r._s

C^Jl
r`t
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20.0 NONCONFORMANCE S AND DEFICIENCIES

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.

-- Una?-annedAev-i4ticns 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_-7-0-1502,Contmlling
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 , documented on the test testplan, procedure, or in the
Laboratory Record Book includin( g justification) and approved by the Project
Manager or Task Leader in advance , do not constitute a deficiency as defined in

^^E ..i• •./VL YIIY VV IIV4 IG4Y11G VG^GIYpment 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
laboratories via Statement Of Work, SOW, in accordance with Section 18.0, Work
Orders and Work Authorizations.
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_- 21-0__DOCUMENT_CONTROL

21.1 OA Pro.iect Plan Control

Distribution and control of this QA project plan shall be performed in accordance
with PNL-MA-70 Administrative Procedure PAP-70-205. QualityAaaurance_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
t3ae `sy=submttting a^^nt£hatgei?e^;uest=(DCi;^-t;, t-he-Preject Manager or
Quality Engineer.

OQ

C3 21.2 Technical Procedure Control

° Deviations from existing procedures shall be thoroughly documented in a
-- -^ s Laboratory Record -Book i-n -accord:nce wit# the- GPS, Section 4.2.2, Experiment

Performance, and Section 5.2.1, Laboratory Record Books.n^.

r^. 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. All technical Procedures shall be distributed and controlled by PNL
Document Control.

21.3 Change Control

Changes to procedures will be controlled as prescribed in section 15.2, last
paragraph "Deviations from Procedures or Requirements.
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c.^
r.r

c-..^

22.0 Document Reviews

Document reviews of
accordance with the
Independent Technical

technical reports
requirements in
Review.

to the client shall be performed in
Administrative Procedure, PAP-70-604,
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' ---The lollowing kdormatlon Is provided to clarily whal is requked Inc each column on We M6TE
Conlrol Listing.

-

Qi Line Item Number - 1, 2, 3, 4, etc... __

Q2 Control Number - For WHC calibrated M6TE., use the WHC Code M. For PNL calibrated
--'MBTE use, In order of prelerence, property jwmiber, manulalcturera' serial number, or

assign a unique number. ,

Description (e.g., spectrum analyze(, oscltlosxxip2).

Q Localion (where M6TE Is used or stored • ks1: Ihe rpom numher, buildklg, and area).

QS Calibration Interval (e.g., 3 months, 12 rrwnths, 2 years, during use, elc...).

Q Custodian (e.g., fndMdual responsible for controlling or makilaking the M&TE).

Q Calibration Agency (e.g., WHO. Craft Servk:es, User).

O8 Category

O9 The Listing shall be considered complale atler signalure/dale by the preparer and the
appropriate Cognizant Manager or Task Leader.

IQ Project/Aclivity Number (or the title Y not numbereQ6

1O GA Plan Number (when applicable).

17

Plepamd bp: l e 1 Coenkuil L1.mga, or Ld L.dc6

SigndmqDde SlgndmdCAle

hnlocVAclbily Numbq: 11^ CA P6,c



06-Gaa Treatmeni ivstem Data

Test # 100 AREA ISV Pilot-Scale Demo

i_}--wuwuvu -- .cihcct # [2]

Date: [3]

Time: [4]

Operator:

Gas Diff. Press. at Venturi (kPa)

[5]

[6]
.. . ..... .. ......

Cj4s Diff. Press. at H dtnsonic (kPa) [6] The following information is provided to clarify what is

s Diff. Press. at Condenser (kPa) [6] required for each column on the General Process Data Sheet.

Gas Diff. Press. at HEPA (kPa) - [6] -

` p 1 Outlet Pressure (kPa) [7] [1] Freq. of readings determined prior to the test by the PM.

m 2 Outlet Pressure (kPa) [7] [2] Sheet Number - 1,2,3,etc.

Pbmp I Flow (Ilmin) [8] [3] Date reading is taken.

Pump 2 Flow (Umin) [81 [41 T^imc reading is taken.

Glycol Coolant riowrate (LJmin) [9] [5] Operator's Initials.

Glycol Coolant Temperature (C) [10] I N Measured with a differential pressure transducer.
Pressure at Blower (kPa) [11] [7] Outlet press. at pumps measured with press. transducers.
Of.`-Gas Tew^,ature at Venturi (C) [12] [8] Pump flowrates measured with electronic flowmeters.
Off-Gas Temperature at Stack (C) [12] [9] Coolant flowrate measured with an electronic flowmeter.
Off-Gas Temp at Hydrosonic Inlet (C) [12] [10] Coolant temperature measured with a type K T/C.
Off-Gas Temp at HEPA Inlet (C) [12] [11] Blower press. measured with a diff. press. transducer.
Ambient 02 Concentration (%) [13] [12] Off-gas temps. measured with type K thermocouples.
Stack 02 Concentration (9fo) [13] [13] Ambient and stack 02 conc. measured electrochemically.
Ambient CO Concentration (ppm) [14] [14] Ambient and stack CO conc. measured with infrared.
Stack CO Concentration (ppm) [14] [15] Ambient and stack C02 conc. measured with infrared.
Ambient C02 Concentration (ppm) [15] [16] At the end of each shift, the shift engineer (defined in
Stack CO2 Concentration (ppm) [15] SOP 49 Rev. 9) will review the measurements and then

siign andt;atet,he-data sheet.

Reviewed By: [16] Date: [16]



Test # 100 AREA ISV Pilot-Scale Demo

r•^.

^.
^..

,..,

Collection Interval [ 1 ] Sheet # [2]

Date: [3]

Time: [4]

Operator:

Air Inlet Temperature (C)

[5]

[6]

a:;:
^^:,:^

The following information is provided to clarify what is

AirInlet Pressure {kPa) [7] -- r<quitedfor each column an-the-Gene:al Process-Data Sheet.

Air Inlet Flowrate (m3/min) [8]

Hood Exit Line Temperature (C) [9] [1] Freq. of readings determined prior to the test by the PM.

Stack Temperature (C) [10] [2] Sheet Number - 1,2,3,etc.

Stack Flowrate (m3%inia) [11] [3] Date reading is taken.

Hood Vacuum (in. W.C.) [12] [4] Tmie reading is taken.

Hood Plenum Temperature (C) [13] [5] Operator's Initials.

Off-Gas Hood Skin Tem .(C) [14] [6] Inlet air temp. measured with a type T thermocouple.

Hood Heat Flux [15] [7] Inlet air pressure measured with a Barograph.

Electrode Al Seal Air Temp. (C) [16] [8] Inlet air flowrate measured with pitot tubes.

Electrode Al Seal Air Pressure (kPa [17] [9] Exit line temp. measured with a type K thennocouple.

Electrode Al Seal Air Flowrate [18] [10] Stack temperature measured with a type T thermocouple.

i:'iecaode A2-Seat Air Temp. (C) [16] 1 [111 Stack flowrate measured with a pitot tube.

Electrode A2 Seal Air Pressure (kPa [17] [12] Hood vacuum measured with a differential press. gauge.

Electrode A2 Seal Air Flowrate [18] [13] Hood plenum temp. measured with a type K T/C.

Electrode B 1 Seal Air Tem .(C) [16] [14] Hood skin temp. measured with a type K thermocouple.

Electrode B1 Seal Air Pressure (kPa) [17] [15] Hood heat flux measured with a HT-50 (heat flux sensor).

Electrode B1 Seal Air Flowrate [18] [16] Electode seal air temps. measured with type T T/C.

Electrode B2 Seal Air Tem .(C) [16] [17] Electrode seal air press. measured with press. regulators.

Electrode B2 Seal Air Pressure (kPa [17] [18] Electrode seal air flowrates measured with float tubes.

Electrode B2 Seal Air Flowrate [18] [19] At the end of each shift, the shift engineer (defined in

SOP 49 Rev. 9) will review the measurements and then

sign and date the data sheet.

Reviewed By: [19] Date: [19]



s9i 1 Temneratuire Array

Collection Interval [1] Sheet # [2] Test # 100 AREA ISV_ Pilot-Scale Demo

Date:
Time:

Operator:

[3]
[4]
[5]

^

T/C #[6] UNITS TEMP TEMP 'TEMP TEMP TEMP TEMP TEMP TEMP

[6] °C [7]
°C

The following infomnation is provided to clarify what is required
for each column on the Soil Pressure Array data She:et.

[1] Frequency of readings determined prior to the test by the Project Manager.
[2] Sheet Number - 1,2,3,etc.
[3] Date reading is taken.
[4] Time reading is taken.
[5] Operator's Initials ,
[6] Prior to the test, the T/C As will be filled in and a map will show where each one is located.
[7] Due to the large number of T/Cs, temperatun:s i will only be recorded after the T/C reaches 200 C

and then every 2 hours as the T/C progresses iupward to 1200 C.
[8] At the end of each shift, the shift engineer (defined in SOP 49 Rev. 9) will review

the measurements and then sign and date the data sheet

°C
oC.

oC+

°C

Reviewed By: [8] Date: [8]



^(fFk.6L!!4`b

Collection Interval [1] She^.et # [2] Test #]0QAREA ISV Pilot-Scale Detm2

-7

Date:
Time:

Operator:

[3]
[4]
[5]

P/I' # UNITS PRESSURE PRESSURE PRESSURE PRESSURE PRESSURE PRESSURE PRESSURE PRESSURE
[61 kPa [7]

kPa i

The following information is pmvided to clarify what is required
for each column on the Soil Pressure Array data Sheet.

[1] Frequency of readings determined prior to the test by the Pioject Manager.,
[2] Sheet Number - 1,?,3,etc,.
[3] Date reading is taken.
[4] Time reading is taken.
[5] Operator's Initials
[6] Prior to the test, the P/T #es will be filled in and a map will show where each one is located.
[7] Pressure Transducer reading
[8] At the end of each shift, the shift engineer (defined in SOP 49 Rev. 9) will review

the measurements and then sign and date the data sheet.

kPa
kPa
kPa
kPa

Reviewed By: [8] Date: [8]



Test # 100 AREA ISV Pilot-Scale Demo

i-..,
^.^
c'^!

Collection Interv [1] Sheet # [2]

A Phase B Phase Tap

Date Time Operatoi
E
(V)

I
(A)

R
(Ohms)

P
(kW)

E
(V)

I
(A)

R
(Ohms

P
(kW)

Efficienc y
(v/vt)

[3] [4] [5] no [7] [g] [9] [10] [11] [12] [13] [14]

The following information is provided to clarify what is

reau-ired for each column on the Power Readings Data Sheet

[1] Frequency of readings determined prior to the test by the Projet Manager.

[2] Sheet Number - 1,2,3,etc.

[3] Date the reading was taken.

[4] Time the reading was taken.

[5] Operator's Initials.

[6] Emf measurement for A Phase in volts.

[7] Current measurement for A Phase in amps.
8] ivieit Resistance measurement fo A Phase in Ohms.

[Q, Power measurement for A Phase in kilo-watts.

[ 10] Emf measurement for B Phase in volts.
n n..^_. ^___. ^^ t n r.__ a -

J I.uIIG11t QK71JUiLIIlert loi D PRA_.IC
in Amp-'.•^

1iz] vieitResistance measurement for B Phase in Oitms.
[13] Power measurement for B Phase in lrilr}watra,

I[14] Tap Efficiency calculation = Voltage/Max. Voltage at that tap.

[15] At the end of each shift, the shift engineer (defined in SOP 49 Rev. 9)
will review the measurements and then sign and date the data sheet.

Reviewed By: [151 Date: [15]



CollectiunInterval ^1]

Electrode Sheet

Sheet # [2] Test # 100 ARI?A ISV Pilot-Scale Demo

^
Time: The following information is provided to clarify what is required for each
Operator: column on the ;Electrode Depth data Sheet.

A l [1] Frequency of readings determined prior to the test by the Project Manager.
A2 [2] Sheet Number - 1,2,3,^etc.
11 1 [3] D^ate readi ng is taken.
132

IMIMEM
Date:

[4] Time reading is taken. I
[5] Operator's Initials.
[6] The depth of electrode: A] with units._

Time: [7] The depth of electrode A2: with units.
Operator: [8] The depth' of electrode B 1 with units.

[9] The depth of electrode B2 with units.
Al [10] At the end of each shift, the shift engineer (defined in SOP 49 Rev. 9) will
A2 review the measurements and then sign and date the data sheet.
B1
B2

_
-^

Reviewed By: [10] Date: [10]
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