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- FOREWORD

The Superfund Innovative Technology Evaluation (SI;I'E) Program was authorized by
the 1986 Superfund Amendments and Reauthorization Act (SARA). ;l"he Program is
a joint effort by EPA’s Office of Solid Waste and Emergéncy Response (OSWER) and
Office of Research and Development (ORD) to enhance the development of hazardous
waste treatment technologies necessary for implementing new cleanup standards that
require greater reliance on permanent remedies. ‘Th‘is is accomplished by performing
technical demonstrations that provide engineering and economic data on selected
technologies.- B ' )
This project consists of‘an analysis of the Retech, Inc.-Plasma Centrifugél Furnace. | :
The Demonstration Tests took place at the Department of EnerQy'stomponent
Devéloplment and lntegration‘Facility located in Butte, Montana. The demonstration
effort was directed at obtaining information on the performance and ‘cost of the
- process in order to assess the téchnclogy’s potential applications at other hazardous
waste sites. This Technology Evaluation Report describes the field activities and
laboratory results from the Demonstration Tests. An interpretation of the available
data, an economic’ analysis, and a discussion of the potential applicapility of the
technolqu is brovidéd in the Applicétibns Analysis Report.

Additional copies of this report may be obtained at no charge from the EPA’s Center
for Environnﬁentalhesea;rch lnformat'ibh, 26 West Martin Luther King Dﬁve, Cincinnati,
Ohio, 45268, using the EPA document number found on the report’s front cover.
Once this supply is exhausted, copies can be purchased from the National Teéhnical




information Service, Ravensworth Building, TSpringfieId, Virginia, 22161, (703) 487-
4600. Reference copies will be available m the Hazardous Waste Collection at the
EPA libraries. Information regarding the availability of other reports can be obtained
by cailing the SITE Clearinghouse Hotline aft (800) 424-9346 or (202) 382-3000 in

Washiﬁgton, D.C.

E. Timothy Oppelt
Risk Reduction Engineering Laboratory
U.S. Environmental Protection Agency
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ABSTRACT

A demonstration of the Retech, Inc. Plasma Centrifugal Furnace (PCF) Was' conductéd
under the Superfund Innovative Technology Evaluation (S!TE) Program at the
Depamment of Energy’s (DOE’s) Component Development and Integratuon Facility in
Butte, Montana The furnace ‘uses heat generated from a plasma arc to melt and
vitrify solid feed material. The feed soil was a mixture of Silver Bow Creek scul and
-10% by weight No. 2 diese! oil, spiked to provide 28,000 ppm zinc oxide and 1,000
ppm hexachlorobenzene in the soil/oil mixture. |

Pre-treatment soil and scrubber llquor/makeup samplmg was performed to characte: ize
the material inputs to the process Following treatment, the vitrified sonl scrubber
| liquor, and stack gas were sampied to determine the technology’s sustab:hty for use
in destroying and immébiliging contaminants in the test soil. The results from fhis :
testing were used to draw conclusions on the {techﬁology, |

The following conclusions were dérived from the test resuits: (1) the treated soil did
not leach any metals at levels above the regulatory limits; (2) the prbcéss achieved a
Destruction and Removal Efficiency. (DRE) of greater than 99.99% for the Principal
Organic Hazardous Constituent (POHC), (3) the air poliution control system did not
reduce the level of partuculate emissions to below - the RCRA limit; (4) a high
percentage of the metals fed to the furnace are encapsulated in the treated soil; {5)
the PCF is a@vantageous over other incinerator techn'_ologies in that if caﬁ success
fully immobilize heavy metals in the slag, however, this treatment optioh can be more
expensive than conventional incineration systems.
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.SECTION 1

EXECUTIVE SUMMARY

INTRODUCTION

This report summarizes the activities and results of Demonstratlon Testlng of the
Plasma Centrifugal Furnace (PCF) technology developed by Retech lncorporated
(Retech). The study was conducted at the U.S. Department of Energy’s (DOE’s) .
Component Development and lntegratxon Facility (CDIF) in Butte, Montana under the.
Superfund Innovative Technology Evaluatlon (SITE) Program developed by EPA.

' ‘The Retech technology, a Plasma éentrifugal Furhace, is a thermal process whlch uses
the heat generated from a plasma torch to decontaminate metal and organic
contaminated waste. This i Is accomplished by meiting metal bearing sollds and, in the
process, thermally destroying organic contammants The molten soil forms a hard,
glass-like nonleachable mass on cooling. The waste feed used in the Demonstratlon
Tests was comprised of heavy metal-bearing soil from the Sulver Bow Creek Superfund
Site mixed with 10% by weight No. 2 diesel oil. The mixture was sp:ked to provide
28,000 ppm of zinc oxide and 1,000 ppm of hexachiorobenzene. In addmon to

complete monitoring of the system sampling of all input and output streams was
performed during each of three Demonstration Tests.




*y

The goal of the Demonstratidn Tests .was td obtain specific operating, design,
analytical, and cost information to evaldate the performance of the pilot-scale Plasma
Centrifugal Furnace (PCF-6) under actual operating conditions. Under the SITE
Program, the feasibility of utiliiing the PCF iechnology as a viable hazardous waste
treatment system at other sites throughout the country was also studied. To this end,

the specific critical test objectlves were:

. to characterize the residues produced at optimum operation including
Destruction and Removal Efficiency (DRE), fate and transport of metals, and
residue quality; |

® to identify pre- and post-feed waste treatment requirements.

o to evaluate the ability of the Plasma Centrifugal Furnace to effectively vitrify
inorganic and metal constituents within a soil into a monolithic nonleachable
mass; and ' |

. to determine if the furnace can meet 99.99% DRE for target analytes in a soil
contaminated with up to 10% organics.

The SITE Demonstration Tests at the CDIF were conducted between July 22 and 26,
1991 For a one-week beriod during the Demonstration Tests, EPA SITE Program
staff along with their evaluation contractor, Scnence Applications International
Corporation (SAIC), were present to observg and record data on the operation of the
technology and to perform sampling and analytical work. Quality assurance/quality
control {QA/QC) audit teams from S-Cubéd, an EPA. Risk Reduction Ehgineerihg
Laboratory (RREL) coptractor, validated the :tgst protocols in both fhe on-site tasks and

in the main laboratory.




. CONCLUSIONS AND RESULTS

Presented below is a summary of the conclusions and results relating to the defined

objectives of the test program.

e The Toxicity Characteristic Leaching Procedure (TCLP) was peerrmed on both
' the feed soil and the treated slag.' With regard to the metals, the feed soil only
exhibited significant leachability characteristics for calcium (with an estimated‘
mean leachate concentration of 175 mg/L and a 95% confidence limit of 162

to 188 mg/L ) and the spiked zinc (with an estimated mean of 982 mg/L and

a 95% confidence limit of 948 to 1,017 mg/L). Sodium was also present in

the leachate at 1,475 mg/L {95% confidence interval of 1,100 tef 1,850 mg/L),

but was not selected as a tracer compound sirrce it is a weakly dissociable
metal and, therefore, behaves drfferently from typical metals regulated by TCLP
tests. The treated SOII does not show strong leachability for any metals except

. sodnum which leached at approxrmately the same level as in'the feed sorl Both |
tracer -metals, calcium and zinc, showed sngmflcant reductlons in leaching

propemes as a result of treatment.”

® The only organic compounds that were found to be leachable from the feed soil
' were 2-methylnaphthalene and naphthalene. Although the feed was spiked
wit_h high leveis of hexachlorobenzene (1,000 ppm), it did not leach from the

feed soil. No organic compounds were found to léach from the{created slag.

® The DRE is based on the concentration of the target analyte in the feed soil and
the amount eaptured in the stack gas. For the Demonstration Tests, the 95%
confidence interval for the estimated mean of the hexachlorobenzene spiked

into the feed soil was 864 to 1,080 ppm. Hexachlorobenzene was riot

- detected in the stack gas during any of the three tests. Therefore, all DREs

determined were based on the detection limit from each of the tests. For the




Principal Organic Hazardous Constituent (POHC), hexachlorobenzene, the .
average DRE values ranged from >99.9968 ;to >09.9999% for all the

Demonstration Tests.

2-Methylinaphthalene was found in the feed éoil with an estimated mean
' concentration between 390 ppm to 526 ppm. Agaun, none of this compound
was detected in the stack gas, so the DRE range for all three Demonstration
Tests, based on detection limit from_; eaph of the tests was >99.9939 to
>99.9996. |

A group of volatile compounds, total xylenes, _was found in the feed soil at an
estlmated mean concentration between 128 and 139 ppm. Over the course of
all the tests, this led to an average DRE range of >99.9929 to >99.9934%.

Because the collection volume of gas analyzed for volatile compounds remained
'constant for each test, DREs calculateq for xyletl)es are reported as an average -

for the entire demonstration.

The components of the PCF can be broken'dovyn;into two main cate’gories: the '
thermal treatment section and the exhaust gas treatment system. The furnace
unit demonstrated that it was entirel{l capable of processing the waste feed,
however, the gas treatment system did not perform up to expectations. The
air . pollution control de\iioe allowedt an averege of 0.374 grains/dscf of
particulates to be emitted to the atmosphere throughout the three tests. This
exceeded the RCRA regulatory Ilmlt of 0.08 grams/dscf Only very small
amounts of particulate matter, orgamc compounds, or inorganic compounds
were found in the scrubber sump at the conclusnon of the tests, indicating poor
gas treatment efficiency. | |




HCI emissions were very low for all three tests, ranging from 0.007 to 0.0017
Ibs/hr. Because of the Iow chlorme input, the regulatory requnrement of . lc=ss

than 4 |bs/hr was met.

NO, emissions were high, averaging approximately 5,000 ppm (uncorrected to
7% oxygen) during the Demonstratlon Tests. Because of the low flowrates of

the stack gas, the emission rates averaged approxrmately 2.5 Ibs/hr

Small quantities of volatile and semivolatile organic compounds: were formed
as products of ‘incomplete combustion (PICs) in the plasma furnace. The
volatiAle compound found most abundantly in the stack gas was benzene at
approximately 19 ppbv. Benzene and substituted benzenes are prevalent in
many forms throughout the feed diesel oil and hence benzene is a readily -
formed PIC. The most dominant semivolatile organic compound released in the

stack gas was benzoic acid.

The entire system is a high maintenance item. During the oOUrs-e of the
Demonstration Tests, the exhaust gas blower failed twice (bec‘ause of the high
particulate loading in the flue gas), the torch developed a deionized water leak,
and numerous preventive maintenance activities took place. The on-line factor
for the process during the Demonstration fests was 70%, but a rnore realistic
on-line factor could be considered to be approximately 60%. '

The configuration of the furnace for the Demonstration Tests allowed the
A treatment of soils contammated with heavy metals and hazardous organic
. compounds with no free liquid in the soil. Based on observatlons during the
lDemonstratlon Tests, itis antlcrpated that, with a different feeder, the Retech
process could treat a wide variety of organic and inorganic wastes in either a

solid or liquid matrix. However, judicious selection of an effectlve air pollution




control system downstream of the furnace is necfeésary befbre remediation can
proceed. -

'Successful operation of the PCF is lirhi"ced by Se\)eral logistical considerations.
The furnace used during the Demonstratlon Tests must be erected in a climate-
controlled environment with access to a 3- phase power supply of at least 480
voits and 1,600 amps. Plant cooling water w:th adequate heat reject ion

(cooling tower) is necessary to supply all cooling circuits on the furnace.

Several cost scenarios can vary the unft cost of operation for the furnace. The
cost of operation is strongly dependent on two factors' the on-line factor and
the feed rate. The present confnguratnon of the feeder, furnace, and slag
collector allows an average feed rate of 120 lbs/hr However, feed rates of
500 and 1,000 ibs/hr could be achleved wrth a few minor furnace
modn‘:catlons. ‘For a feed rate of 500 lbs/hr with an on-line factor of 70% is
considered then it is estimated that the cost per ton for this technology is
" $1,816/ton of contaminated waste. For a feed rate of 2,200 Ibs/hr with the

same on-line factor the cost would be $757/ton




SECTION 2

INTRODUCTION

SITE PROGRAM OBJECTIVES

In response to the Superfund Amendments and Reauthorization Act (SARA) of 1986,
the U.S. Environmental Proiectipn Ageney (USEPA) established a fofmal program
called the Superfund Innovative Technology Evaluation (SITE) Program. The SITE
Program was established to accelerate the deveiopment, demonetratioh; and
_ implementation of innovative technologles at hazardous waste sntes across the .

country. There are four parts to the SITE Program:

1. To |dent|fy and, where possible, remove impediments to the development and

commercial use of alternative technologles

2. To conduct a demonstration program of the more promising innovative
technologies to establish reliable performance and cost mformatnon for site

characterlzatlon and cleanup decision-making.

3. To develop procedures and policies that encourage selection of available

alternative treatment remedies at Superfund sites. .

4. To structure a development program that nurtures emerging technologies.

7




The objective of the first paft.of the prof:gram is te identify and evaluate these
impediments and remove them or design:methods !to promote expanded use of
alternative technologiés. The demonstra‘icion portidn of the SITE Program is a
significant ongomg effort involving the Dfﬁce of Research and Development (ORD),
the Office of Sohd Waste and Emergency Response {OSWER), USEPA Regions, and
the private sector. The demonstrations will provude Superfund decision-makers with
the information necessary to evaluate the use of these technologies in future cleanup
actions. The third part of the SITE ngram focuses on establishing methods for
selecting treatment technologies for Superfund sntes from the expanding range of
available remedies, including these innovative technologies. Finally, the SITE Program
provides a means of assisting in the develobment of emerging technologies towards

a mutual goal.

PROJECT BACKGROUND

A demonstration of the Retech Plasma Centﬁifugal Furnace (PGF).technfol'ogy has been
performed under the SITE Program. Tﬁis ~systerﬁ. used an .innovative thermal
technology to treat soils and debris contaminated with hazardous organic chemicals,
inorganic chemicals, and heavy metals. Thﬁe‘processi claims to vitrify metal-bearing
solids and inorganic material into a monolithic nonleachable phase, and thermally

destroy organic chemicals.

The study was conducted at the DOE’s CDI? located ih Butte, Montana, operated for
the DOE by MSE, Inc. The test material ?used was a blend of soil [mine tailings
obtained from the nearby Silver Bow Creek (;SBC) Supeh‘und Site] end 10% by weight
" No. 2 diesel oil. The mixture was spiked inth high cdncentratioﬁs of zinc oxide and
hexachlorobenzene. The combination of thei soil and oil provided a test material which-

was high in concentrations of both heavy metals and organic material. The zinc oxide




and thé hexachlorobenzene were spiked to ensure traceable compounds throughout
the testing period.

This technology is significantly different from conventional incinerationitechnologies
in-that the tei’nperatures in the treatment zbne are.much higher apd the gas flows are
much lower than those typically encountereﬁ. Additionally, the treated soil is vitrified -
into a glass-like mass. The tests obtained process data on the systemfperfoimance
and the fate of metals and ‘organics in the system. Removal or stabilization of
inorganic and metal contaminants was assessed by pre- and post-test éampling and
analysis. The DRE of this thermal technology was also determined by pre- and post-

‘ test sampling and analysis for organic materials. The results of thié testing are
presented in this report. ‘



SECTION 3

PROCESS DESCRIPTION

TEST SOIL

Sbil collected fr;Jm the Silver Bow Creek (SBé) Superfuhd Site in Butte, Montana was
placed in 11 32-gallon plastic containers with lids. The soil from the SBC site is
categorized as a heavy metal-bearing soil 'anc;i was pre\)iousiy characterized as part of
the Streambank Tailir{gs and Revegetaﬁdn Study (_STARS) cond_ucted.by the EPA in
1988 [1]. Zinc oxide and hexachlorobenzéne were spiked into the dry SBC soil.
Spiked SBC soil and 10% by weight No. 2 diesel oil ‘were combined together in a
cement mixer to provide a rr_lixture containing 28,000 f_)pm zinc oxide and 1,000 ppm
hexachlorobenzene. This mixture was horrjmogenizediby the rotating action of the
mixer. To permit ease of handling and loading into the Retech Plasma Centrifugal
Furnace, the biended mixture was poureh from the mixer into 5-gallon metal -

containers and sealed for transport and storage.

Based on previous analyses, the leachability of the metals in the SBC soil was very
low overall. Therefore, it was determined to spike t_he:f'éed soil with a nonhazardous
metal, zinc, to ensure an initial metal conceﬁtratio‘n in the feed high enough to allow
an adequate evaluation of the effective?nes}s of treaﬁment by the PCF in . vitrifying

inorganic constituents into a nonleachable mass.

-
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Diesel oil was mixed with the feed soil to shovir that the process could treat wastes
contarninated with high levels of organics. Ten percent (10%) was the maximum
level of liquid combustibles that could be fed to the furnace equipped with the type
of feeder present at the test site; levels of dieel oil gréater than 10% ignite in the
feede} because of the heat from the process. It is pbssible to treat ¢ontamina1:ed
wastes with a higher percentage of organics using a different feeder jconfiguratﬁon
assuming that the gas treatment system is sized correctly. Although the composition
. of the diesel oil waé estimated prior to the Demonstration Tests, the soil/diesel oil feed
mixture was left in the containers for an extended period of time after migcing activities
and prior to the analysis conducted as part of the Demonstration Tests. Therefore,
at the time of the tests, it was not certain that the concentrations‘ of organic
components in the diesel oil were suitable to evaluate the ability of the furriace to
treat wastes contaminated with up to 10% organiés. Héxachlorobenzeﬁe was spiked -
into the feed to ensure a traceable organic compound for evaluating DBE. ‘

TEST-LOCATION
The Demonstration Tests ’were conducted using actual hazardous wast"e ‘at the DDE
- CDIF in Butte, Montana. The use of this facility for the Demonstration Tests was the
resulf c:f an interagency agreement between the EPA and the DOE. The CDIF is an
engineering-scale developmeht test facility, operated for the DOE ‘by MSE, Inc. The
CDIF is a major DOE test facility and part of the Idaho Natiohal Eng’ineeriﬁg Laboratory
(INEL).

- Retech’s equipment was erected near the southwest corner of a 100-f06t by 95-foot
,Compc»nent Test Bunldmg, which has a ten-ton bridge crane and a roll- up access door
12 feext wide by 20 feet hlgh The building is supplied with 480-volt power and is
served by a recirculating cooling tower water system with heat rejection by a cooling

tower. Macadam roads provide good access to the building.
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DETAILED PROCESS DESCRIPTION

The Retech Plasma Centrifugal Furnace is a remedial action process for -soils
contamlnated with hazardous chemical wastes and/or heavy metals. The PCF is a
thermal treatment process designed to convert contammated soil into a chemically
inert and stable glass and crystalline produot. Flgure‘ 1 is a schematic of the pilot-
scale unit utilized in the SITE DemonstrationfTests. This unit is designated as a PCF-

6, according to the six-foot diameter of its orimary chamber.

The entire system is comprised of a thermal treatment system and an exhaust gas
treatment system. The thermal treatment system consrsts of the feeder, the primary
chamber, the torch, the afterburner, the secondary chamber, and the collection .
chamber. The exhaust gas treatment syetem conersts of a quench tank, a jet

scrubber, a packed-bed sc'rubber, a demister, and a stack blower.

Hazardous waste rs initially loaded manually into a screw feeder fromn sealed 5-gallon
containers. The feeder unit is 3.5 feet hrgh x 2.5 feet wide x 10 feet long and can
hold approxrmately 120 pounds of feed. The outer statronary cylinder of the feeder
is sealed at both ends. The fill end has a hmged door that opens to allow the inner
cylinder to be loaded. The inner cylinder has welded mternal screw flights that push
the dirt charge toward the discharge chute as itis rotated by a hydraulic drive. After
the feeder is loaded, it is sealed, and the waste is fed semi-continuously into the
furnace through the discharge chute. An elbow in the discharge chute limits the size
of waste partlcles fed into the furnace to be less than four inches in diameter. The

operator controls the rotation of the feeder.
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When the feeder is empty, it is purgetz! of potentially toxic gases to the primary
chamber with an air purge. The feeder isolation valve is then closed, and the feeder
is refilled. During the Demonstration Tests, the system operated in the semi-batch
fashion, described here, at a rate of appreximately LiZO pounds per hour. Other

feeders {not evaluated during these Demonstratlon Tests) that allow an increase in the

.. feed rate and offer no hmltatlon on the organlc content of the waste feed can be used

by-the furnace.

in order to access to the inside of the primary chamber for maintenance and repair
services, the feeder must be moved away from the primary chamber before opening
the lid; it must be repositioned before the tonich may be lit. During the Demonstration
Tests, the ten-ton bridge crane in the CDIF was used to 'move the feeder.

" The Primary Chamber

The waste material drops from the feedet into the!prinﬁary chanrtber, which is a—
rotating tub with a central orifice at the bfottom.. Selid material is retained in the
primary chamber by centrifugal force. The primary chember walls have an inner shell
anti water jacket welded between. Fifteen Qallons pe;’ minute of cooling water at 30
psig circulate between the shell and tﬁe jacket.‘ At the copper throat, an area of high
heat flux, 'the cooling water flow area is ireduced to increase the velocity of the

cooling water to 40 ft/sec, increasing the cooling in this area.

Ports are .Iocated in the head of the lid for: the plasmja torch, an off-axis feeder port,
an oxygen lange, and four view ports. The entire lid subassembly is attached to a
hinged structure that allows the lid to be hydrauiicall{/ tilted through a 45° angle. A
mechanical safety link provides a backup ‘te the lid lift hydraulic cylinder locks.




The cavity below the primary chamber is maintained slightly positive vyith respect to
furnace pressure so that any leakage at the furnace lip seal at the top of the spinning
furnace wall will be in toward the hot furnace. This leakage will cool the furnace lip

seal and help prevent contamination of the drive cavity below.

The primary chamber can hold approximately 1,800 pounds of contaminated waste;
however, the size of the collection chamber limits the amount of waste that can be
in the primary chamber to 1,000 pounds. The primary chamber has a;diameter of 6

feet and a height of approximately 3.5 feet.

The Plasma Torch

The Retech PCF makes use of a transferred plasma torch. The plasrha torch uses
electrical discharges to add energy to plasma torch gasés in order td increase the gas
' _ temp_eerature_béyon_d.that normally attainable by chemical reactidn. The 'plaéma torch
- produces a transferred arc that diréctly c’ontadts a conducting portibn of the prirhary‘
chamber (eithervt-he copper throat or steel "doug'hnuts"-) located at the :bot.tom of the
_spinning primary charﬁber. The heat generated by the plasma torch brihgs the IWaste
material to temperatures sdfﬁcient to melt soil. The melting point for typical soil is
on the order of 3,000°F. The wéste_ is melted by this exireme heat, incorporating any
inorganic .and metal components into a stable material. Organic co;mponents are
volatilizéd by the heat of the plasma and oxidized by the air used as the plasma gas.
Oxygen may also be added from an oxygen lance in the primary chamber to enhance

combustion of organics.

The plasma torch used in the PCF-6 is Retech’s Model RP-'250T plasma torch,
develc»péd for meiting superalloys in the metallurgical industry. For thjs application,
the torch, rated at 500 kW, used approximately 20 scfm of air as plasma gas. The

torch runs on direct current (DC) provided by a power supply that uses S-phase input.
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Figure 2 shows a simplified presentation of? the’ transfferred plasma torch. Air is
injected tangentially at an intermediate axial position inside the torch tube. One of the
DC electric arc termination points is higher'ub inside the tube on an electrode. The
arc travels out the end of the tube and termlnates on the rotating copper throat (or
steel doughnuts) below. The electrode and nozzle are cooled by a high velocity flow
-of distilled water. The torch is mounted on a spherlcal ball swivel joint that has x-,
y-, and z-axus hydraulic posrtromng capability. The torch subassemblles are mounted

on the pnmary chamber lid.

The Afterburner

The gases evolved from the melting of the feed are dra\)\rn through the copper throat
of the primary chamber and pass .through alE natural éas afterburner located in 1lhe
secondary chamber, just downstream of the copper throat The afterburner is utilized
to combust any products of lncomplete combustuon (Ple) by providing additional heat
input (beyond that supplled by the plasma torch) through another ignition source. it
is sized to provide 200,000 Btu/hr and operates ona natural gas flame. The organics
that are volatilized and oxidized are then draWn off to the exhaust gas treatment
system. ' '

Secondary Chamber

A camera port ln the secondary chamber allows observatlon of the gases and slag
exiting the throat. If needed, oxygen may be added from oxygen jets located in the
secondaw chamber to enhance combustion of organlcs A sleeve extending from the
‘copper throat of the primary chamber, past the afterburner and down to the end of

the baffles in the secondary chamber, reduces the volume of gas required to be
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heated in the secondary chamber by the afterburner thus ensuring enough heat is
avallable to complete the combustion of volat:hzed orgamcs

The secondary chamber walls have three inches of refra}ctory lining to abate heat loss
and protect the steel walls. These walls also form a gj'acketed vessel with 25 gpm .

cooling water circulating between them to maintain a safe operating temperéture.

Hection Cham

The molten mass falls from the secondary chamber into a heavy pig mold located in
the collection chamber. The collection chamibe.r isa wéter-cooled, jacketed chamber
that is bolted to the bottom of the secondar\[ chamber. It houses a pig mold that can

hold approximately 1,000 pounds of melted solids.

The collection chamber is cylindrically shaped ona honzontal axls Oneendis c:losed
off wath a bolt-on, water-cooled blind ﬂange The other end has a water—cooled
hinged door equipped with a viewport. Pig moids may be loaded apd unloaded
:through this door. Ten gpm of plant water at 30 psig cool this chamber subassembly.

" The pig mold is made of 3/4-inch thick steelj plate so i%t can withstand the sustained
heat load of the cooling slag and the shock of the cascading charge. The mold has
a ré:ctangular plan view and both elevation viéws reveal a draft angle to aid in removal
of the castingA from the pig mold. The pig mold is on a removable tray, somewhat

simplifying chamber decontamination.
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Exhaust Gas Treatment System

Figure 2 shows the exhaust gas.treatment system designed for the E?)émonstrai:ion
Tests. The gas stream is initially cooled in a quench tank before Qoing to a jet
scrubber that is designed to remove particulates. From the jet scrubber, the gas
passes to a packed-bed scrubber to remove addiﬁonal acid gases that mgy‘be present.

A demister then removes moisture droplets entrained in the flow.

A mildly caustic solution is used in the quench tank, jet scrubber, and packed-bed to
remove acid gases as well as particulates. The water passing through th;e exhaust gas '
treatment camponents exits from the bottom of each unit, back into the scrubber
sump. The caustic reservoir that supplies the solution to the gas trea:cment units is
maintained at a pH of 8.5. This is achieved. by means of a 0.1 gph positive’
displacement pump that feeds the reservoir with sodium hydroxide, based on a signal

- from a pH sensor located at_the discharge’_’p‘ort of the scrubber pumps.

The scrubber-sump is eql:lipped witﬁ a SQ-ton cﬁiller to cool the sérubber water
circulating through the exha.ust gas treatment equipment, so that all thé moisture can’
be removed from the .éxhaust gases. The chiller utilizes an external heat exchange
systern. The 'chiller coolant is previously cooled by means of an addifcional internal
heat exchanger located within the chiller. The scrubber water is continuously cooled

t
{

~and recirculated through the exhaust Qas treatment system.

Flowmeters are installed to ensure that correct flow rates of caustic solution are being
applied to each of the gas treatment units. Flowrates are adjustedéby means of
metering valves at the inlet to each of the treatment units. | '

i
i
i
1

During normal operation, there is a negative pressure on the furnace dué' to the effect

of the stack blower. This assures that, if there is a leak in the system, any leak would
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be drawn into the furnace and not out into the operator area. ~All connections are
water-cooled and O-ring sealed. The system is leak-checked before each test.

Water Cooling Systems

All parts of the system exposed 1o high temperature are water cooled. There were
three cooling water systems involved in the furnace components for the
Demonstration Tests: a closed-circuit deionized water (D.l.) system; a closed-circuit

water with rust inhibitor system; and a plant cooling water system.

The closed D.l. system cools the plasma torch the ram, the electrode and the nozzle.
The D.l. system pump delivers a total of 60 gpm at 80 psig. A heat exchanger
transfers the heat gained by the above circuits to the plant coolmg water system.

.

PR

' The closed water with rust inhibitor systr=m has just one csrcuut=-the primary charnber
cooling circuit, flowing at- 100 gpm and 50 psng (at the pump discharge). A heat
exchanger is sized to pass a maximum of_300,000 BTU/hr from the furnace cooling

circuit to the plant water system. -

The plant cooling water system must no;c oniy'cool the =two cooling systems described
above (60 gpm and 100 . gpm, respectively), bui roust also cool the furnace lid, -
primary ohamber, drive lid, secondary chamber, ‘collection chamber, chiller; and
hydréulic unit. ?
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The Control System

The Retech control system is designed to be fail-safe. Numerous interlocks and alarm
circuits have been incorporated to reduce the risk of release of toxic material or

equupment damage due to operator error or process farlure

. The torch cannot be lit unless all of the console interlocks are :satirsfied._ These
interlocks include the torch gas pressure, ‘,the cooling water syctems, the hydraulic
system, the exhaust gas treatment system, the stack blower, the afterborner, and the
chiller. The furnace is interlocked to shutdown if any of these systems for equipment
fa_ikl., If the emergency sfop is activated, only necessary support systems are left

operating.

The p!asma torch gas cootrols include a regulator, solenoio actuated on/off valves, gas
rotame"ters, needle valves, and check valves A pressure gauge and pressure switch
are also mounted in the line on the way to the torch. Before torch start-up, the
pressure regulator is set and the gas flow rate establlshed The operator controls the
on/off valve from the control console. Power to the torch is automatically cut if the -

" gas pressure falls below.a predetermined level.

Power to the torch is controlled from the control console. Currenr canz be varied by '
the operator with a twist of a dial. Cooling -water to the torch is turned on manually
at a supply manifoid. Swrtches in the supply lines provude an interlock: to cut power
to the-torch erther at start-up or during operatlon if the water ﬂows fall below preset
minimums. A starter unit, used to injtiate an arc inside the torch at start-up, is
energized oy the operator at the control console and de-energized by a timer in the -
controller. Torch position is controlied by the operator at the control console with a

joy-stick. Position sensor'outputs are used to limit deflection to safe locations.
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The centrifugal speed is monitored and controlled at the console. A magnetic pickup
‘ uses the drive gear to generate the signal. Flow switches in the furnace cooling water
return manifolds prevent the torch from opergtung if thg furnace cooling system fails.
The lid cannot be lowered hydrau'liéally without a safety link being disconnected, thus

protecting the equipment.

The output from the continuous emissions momtors are d:splayed at the console. An
interlock is included to assure that the stack blower |s turned on before the furruace'_
is started. A pressure differential switch exists across the blower which shuts the
system down in the event of blower failure. |

Level controllers are equippéd on the causticimakeup tank and reservoir for the water
pump. If the level switches, in either case, ajre tripped on the low condition, an alarm
lights an indicator on the control console. . '

To ensure complete combustion, the afterbtflrner is interlocked to the feeder. If the
3afterburner is lost, the feeder is automatical]y stopbecj. The chiller is interlocked to
* the torch, the afterburner, and the feeder. : | |
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SECTION 4

FIELD OPERATIONS DOCUMENTATION

This section provides an overview of the field operations including a su:mmary of the
tests, a detailed description of typical operations, and an operatioriél log of the

Demonstration Test activities.

TEST SUMMARY ' | _ -

Demonétration tésting of the Retech Plasma Centrifugal Fﬁrnace took piace the week
of July 22, 1991. The goal of this demonstration was to determine if the unit could
effectively thermally treat soil contaminate_d with' metals and- up to 510% organic
material and creé_te a nonleachable matrix. The testing objectives ére defined in‘
Section 1 of this report and more 4spécifically in the "Demonstration Plan for the

Plasma Centrifugal Furnace Technology" [2].

For the demonstrétio'n, three test runs were performed using Silver Bow Creek mine
tailings mixed with 10% by weight No. 2 diesel oil, and spiked to proVidé 28,000 ppm
zinc c:xnde and 1,000 ppm hexachlorobenzene in the soil/oil mixture. The
: Demonstratlon Tests took place as scheduled on July 22, 24, and 26, 1991 It was
anticipated that 960 pounds of the splked soil would be treated for each test (2,8:00.
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pounds total). Instead, 1,440 pounds of the splked soil were fed into the furnace and
1,137 pounds of treated material were generated during the three. Demonstratron
Tests. Additional details regarding this drscrepancy are provrded later in tlms section
and in Section 6, "PERFORMANCE AND DATA EVALUATION.” For each
Demonstration Test, samples of the feed soil, the treated sorl the scrubber liquor, and
the stack emissions were collected to evaluate the performance of the technology

Samples were collected and analyzed in accordance with the Demonstratlon Test Plan
with only minor changes in some of the sampling and analytical methods. These

changes are detailed in Section 8.

The unit was installed into three levels of the MSE Component Test Bualdrng The
uppermost level of the system was located at ground level. This level housed the
primary chamber and the feed screw, which extended to an elevation of approximately
17 feet. The feed screw was located on top of the unit and a platform with stairs
allowed easy access to facilitate feeder loadlng Twelve feet directly below, on the
second level, was the secondary chamber, whlch recelved the SOI| and combustion
gases for supplementary treatment with the assrstance of an afterburner The lower
level (13 feet below the second level) contamed the air pollutlon contro! system,
" designed to ensure that the treatment off-gas emltted to the atmosphere remained
within permissible levels. The treated gas was directed back up to ground level'
outside the building. Here, the exhaust gas ductwork was constructed to facilitate
gas sampling. A vacuum blower drew the gas through the air pollutron control system
and maintained negative pressure in the furnace. After passrng through the sampling
configuration, exhaust gas exited at the top of the building through the stack. The
enitire process was controlled on the first level at a central control panel. Here the

torch operator controlled the feed screw and the posltion!of- the torch. To assist in

torch control, cameras, which gave a visual indication of the torch position, were =

. installed in the primary chamber. All process parameters were monitored by an

automated data acquisition system (DAS) which collected information every 30
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.seconds. Auxiliary equipment was monitored by MSE personnel berfqrfning visual

inspections and recording data every 30 minutes.

Prior to the Demonstration Tests, MSE performed treatment ‘jtests using
uncontaminated sbil to familiarize themselves with equipment opefa’tion. gDuring these
shakedown tests, modifications were made to the ‘original‘system design. These
modifications included the installation of the afterburner in the throat of the furnace
between the primary and secondary chambers, the installation of a chiller on the gas
treatment system to compensate for this additional heat input, and the é;limination of
the surge tank. The detailed discussion of the process description lS included in

Section 3 of this report.

DESCRIPTION OF OPERATIONS

* Typically, operational procedures are conducted under standard process conditions.
These operating conditions, coinciding with those used during the Démonstratioh
Tests, are summarized in Table 1. To facilitate the treatment of diffetent types"of
waste, the system has.the potential for alternate conditions or configurations for
parameters such as the feed rate, the feed material, and the air pollution control
system; génerally_, the conditions remain the same for all operations. Thé 'operational

- procedures for the present configuration are described below.

~ As part of preparation for operation, the nqn-curfent-carrying end of the electrode is
coated with Dow Corning vacuum grease and the current-carrying electr;)de thread is
treated with an application of Copper Cote®. These m»ai_éria‘ls are utilized as}‘.an aid to
light-off prddedures. Before initiating operations, the lid is opened to insp!ect the torch
and the gas lines leading into the furnace. A general inspection of the entire syétem
also takes place prior to light-off. Approximately 100 pounds of mildisteel, in‘ the
form of 1-inch tt_1ick "doughnuts," are placed inside the chamber, encirclihg upper end

f
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Table 1. Demonstration Test Operating Qondiﬁons

~-Perameter...: . . ; -OperatingRange : 4- N i
Feed Composition o s et (1t o "
Feod Rate ‘ ' 100 - 120 Ibs/hr
Electrode Life ) ) ‘= 50 he
Mild Stee! "Doughnut® Mass v ‘ 50 - 100 Ibs
Torch Gas (Air) Flowrate ' 1 T =25 | sctm
Torch Gas {Air) Temperature : ' >A1 5,000 o °F ]
Oxygen Lance Flowrate P 25 (during feeding) scfm lﬂ
Auxiliary Torch Gas (0.g., Argon, Heliurﬁ) Flowrate =5 sefm |
Afterburner Gas (Natural Gas) Flowrate ' . - 3-4 ‘ sefm
Furnace Well Rotation Rate During Trastment o 50 - 70 h pm
Furnace Well Rotation Rate During Pour . . . 10-30 pm
Primary Chamber Temperature o >2,700 : o°F
A‘ftorbuma'r Temperature ' . >1,800 ) ©of
Scrubber Liquor Generated . : 30-50 i gal/he
. - ! ) . treatment
Off-Gas Flowrate ‘ .= 110 ' scfm h
Slag Mass =600 . Ibs/pour J
= - e

of the .throat. This provides a conductive surface on Which the torch arc can be
initiated and a lip that prevents untreated material from spilling into the secondary
chamber. 'i'ypically, a 4- to 8-inch Iayer of previously treated material coats the msncie

of the pnmary chamber. |

After a final check of process -equipment, the torch arc is struck The furnace
chamber temperature initially rises rather laprdly, and off-gas temperatures climb
steadily. Before any material can be fed into the furnace, cper;ting prccedures require
that the primary chamber temperature must be ét least 2, 1 O0°F, and the afterburner
temperature 1,800°F. 'Three to five hours of operatmg trme are necessary to achieve
these temperatures, dependmg on the amount of res:dual heat in the primary chamberu
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Feed material is generally placed into 5-gallon pails to facilitate ease and convemence

during feeding. The pails are placed on the feeder platform prior to startup

When the furnace is. at or near operating conditions, the feed screw is manually
loaded. Feeding is performed by opening the access door to the feed screw and
placing soil into the screw chamber. A specially-designed bucket holder facilitates
dumplng the contents of the bucket and allows the material to pass down a shoot into
the feeder. As material enters the feeder, the screw is turned by hand to evenly
distribute the feed load along the screw. . After an appropriate am'ount of feed
(approximately 120 pounds) has been loaded into the feeder, the access door to the -
feeder is secured and ‘purged with air of any residual contamination. The purged air
is bled to the prlmary chamber of the furnace. This eliminates potentlal for worker
exposure to toxic fumes when loading of the feeder is resumed. This feedlng process
has potential for automation, but is presently manually operated.

@

The feed screw |s placed in motuon,, allowmg materlal to enter the furnace. It takes

approxumately one hour to completely feed the 120 pounds.of matenal in the screw -

" to the furnace. When empty, the feeder is reloaded and additional material is fed to
the furnace as described above until a maximum of 1,000 pounds has been fed. This
corresponds to the capacity of the pig molds into which the molten soil is poured.

Process operations are continuously observed by operators and their supervisors.
Process measurements shown in Table 2 are recorded nianually or electronically by
the DAS. Important process information is also calculated by this syetem. These

calculated values are presented in Table 3.

Once fed into the furnace, treatment of the waste material is initiated with the plasma
torch. The area closest to the copper throat and the mlld steel doughnuts is the first
location to oe preheated. After the melted material in this vicinity is heated to
conducting temperature, the torch is moved slowly to heat more of the bottom of the
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Table 2. Operating Parameters Monitored by the DAS

=  iTemperatures T . .Pressures’ ; )
- Argon Supbly N ‘ ; . Argon Supply
Oxygen Supply , Oxygen Supply
Service Air Supply : Service Air Supply
Furnace Off-Gas | ‘ Stack Gas Flowmeter Differontial
Scrubber Outiet Gas . ; ‘ Stack Gas
Stack Gas » Drive Chamber ]
Primary Chamber Gas E
Afterburner Gas : . Argon Supply
Secondary Chamber Gas A C Oxygen siapplv
Melt ) ! ‘ Service Air Supply
: ) - ~Stack ‘Gasz’Cooir T Afterburner Air
B High CO ' ! " Afterburner Gas

. Middle CO . | Mrscellaneouat
- Low CO i o o Torch Current
0y . o - ‘ ‘ " Tosch Voltags
1o . 1 . Feeder Pcsition '
NO . s Primary Chamber Rotation Speed
NO, -

Switched Input Sensing

primary chamber and eventually the sidewall. Thié is continued until the entire

" contents of the primary chamber have been melted by the torch Following this

preheat perrod the screw feeder is rotated:to charge material at a uniform rate into
the furnace. The feeder can be recharged and feedrng repeated as previously
described. After all the desired charge is melted the natural gas afterburner (located
downstream of the prrmary chamber, in the secondary chamber) is extinguished, and
the furnace spin rate is slowed to approxrmately 25 rpm allow the pool to move
inward and the melted soil to pour out of the bottom of the reactor, into the

" secondary chamber. The molted mass falls from the secondary chamber, through the
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Table 3. Operating Parameters Calculated by the DAS

= : —— =
Hea.at‘l.osses
Scrubber Cooling ‘ Torch Cooling
Centrifuge Cooling . Demister Cooling -
Torch Ball Cooling ) Primary Lid Cooiing ;
Drive Chamber Cooling ‘ v Secondary Combustion Chamb;cr Coolivng
" X-Y Plate Cooling . v ‘ ~ Side Ports Cooling -~ _
Total '
-_-Flowratos T . L CoEe e ——s’
Arbon Supply Mass v Oxygen Suppily Massf T
‘ ServicerAir Supply Mass ‘ Stack Gas Volume '
Stack Gas Mass ' Total Mass in - Total Mass Out
" :Power
Torch

collection chémber, and into a heavy .pig mold. The.bouring process takes five to ten
minutes for a 600-pound pig. The molten mass solidifies into a haird monolith in’
'approximately 12 hours and can be disposéd of in an appropriate landfi;ll or othervvise
utilizéd. The organics that are volatilized and oxidized are dr_ayvn off to fché exhaust
gas 1freatment syétem for subsequent conqitioning prior to disciharge to thé‘

atmosphere.

Routinely, the scrubber sump is drained, cleaned and charged with fresh water.
Recharging activities for the scrubber sump are also performed whenever the waste
. feed is altered. New filters are installed into the scrubber recirculation lines as

required, depending on particulate accumulation.
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OPERATIONAL LOG FOR THE DEMONSTRATION TESTS

Presented below are the field notes for the Retech Demonstration Tests. The notes .
briefly and chronologically summarize the operational events that took place during the

tests.

Testl

The _Retech Demonstration Tests began on Monday, July 22, 1991. Activities for
Test 1 began at approximately 7:00 a.m. A;t 7:10 a.m., the pig mold, which would
hold the treated material, was vacuumed out {o remeve any residual soil. .A new
torch electrode had been installed the previous eveniﬁg and was coated with Dow
Corning vacuum grease and Cepper Cote®. The primery chamber was prepared for

closure by coating the sealing surface wi'th a new gasket By 7:35 a.m., the furnece ’
lid was fastened in place. At 7:40 a.m., the feed screw was placed on the furnace
and secured into place. A process problem wrth a thermocouple and a plugged stack‘

flowrate annubar were noted at 8:35 a.m.

After the process checkout had been completed at 9 05 a.m., the torch arc was
struck, and the furnace warm-up was mmated More than an hour and a half later,
stack gas became visible from the stack. The gas agpeared brown in color with a
yellowish tint. Continuous emission monitdring equipment indicated that the stack .
gas exhibited high NO, values in the range of 7,000 to 10,000 ppm.

At 12:20 p.m., the open feed buckets were monitored with the orgenie vapor analyzer
(OVA) field instrument to estimate the amount of voletile organics being emitted to
* the air around the feeder. The OVA did not detect any volatile organics in the airin -
the vicinity of the feed. Loading of the feed screw began at 12:25 p.m. By 12:35

p.m., the feeder loading was complete thh 120 pounds of contaminated soil.
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Because of Demonstration Test sampling activities, the time required to load the

feeder was slightly longer than that required for typical opérations.

By 1:10 p.m., the action of the screw feeder to thé furnace was initiated for the first
feed load. At this time, the primary reaction chamber temperature was 2,15€°F,
while the afterburner baffle temperature was 1,855°F. At 1 :560 p.m., fhe sump pump
tripped and the system was checked to determine the cause. The 1:50 p.m. trip of

the scrubber occurred because one of the Scrubber sump pumps was being starved

of scrubber water. This caused the pump motor to overheat and trip the pump.

Three minutes later, the scrubber sump pump feed line was cleared ahd tlje furnace

was a‘ngain activated. Feeding could not be resumed immediately because the primary

chamber temperature was too low. By 2:20 p.m., the feeding resﬁmed, and 20

minutes later, re-loading of the feeq screw was ‘start‘ed. As sooh as thé loading of the

feeder was complete (at 2:49 p.m.}, the action of the screw feeder was agaAin-'
initiated. The.second feed load was fed by 2:50 p.m. At 3:25 p.m., 3crubbér pump

#2 was taken off-line. At 3:30 p.m., the feed .screw loading was started and by 3:39
p.m. feeding of third load began. ‘By 4:15 p.m., the feed screw loading was sfarted, )
and the feeding of the fourth and final began at 4:25 p.m. '

At 4:37 p.m. and 4:48 p.m., the afterburner tripped and was restarted. At 5:03 p.m.

. the aﬂerburne.r tripped again. A low pressure differential (20" H,0) acroés the blower

was noted-at this time. Normal operation requires a pres'suré differential of 24" H,0,

thus, the operators ekperienced difficulties 'maintaining negative pressure in the

primary chamber. The cause for the drop in pressure differential across the blower

_ was particulate buildup within the blower. The resulting low negative bressure in the

furnace was the cause of the afterburner failures. Obération;wereiresta‘rted, but

feeding was not recommenced immediately due to inadequate temperatures in the

afterburner. By 5:51 p.m., sampling and feeding of the final load were're'sumed. It

was decided not to reload the feeder with any more soil as the problem with the

particulates would only be aggravated. ‘Therefore, the test was terminated..
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At 6:14 p.m., the feeder was turned off, the afterburner was shutdown, and the melt
was poured. By 6:36 p.m., the torch was off, all process equipment was secured,
and the test was complete. Selected process parameters are summarized in Table 4. .

Test 2

Test 2 for the Retech Plasma Centrifugal Fur;nace system fook place on July 24,
1.991 . At 8:20 a.m., the torch-arc was struck.. By 10:35 a.m., the primary chamber
was at operating temperature, but the afterburner béfﬂe temperature was too low to
begin feeding. Once the baffle reached 1 ,800°F, the feed. screw loading started. By’
11:15 a.m., the feeder was loaded, and the feéd personriel had ‘exited the sampling
platform. At T1:20 a.m., feeding of the first lqiad began. Between 12:10 p.m. and.

Table 4, Summary of Selected Process Parameters

l ' - ‘Parameter . ‘ Test 1

Test Soif Fed (ibs) : 480 360 600 1,440
Troated Soil Poured (ibs) 277 i 26§ : 595 1,137
Scrubber Water Genorated (gal) 158 = 150 ‘ = 800 * 1,108

Mild Steel Added 75 . 54" 202 *» 331
. ‘

Prior to Test 3, the scrubber was flughed end recharged. This generated approximately 100 gellons, Additionally, the

scrubber was continvously blown down during this test in an attempt 1o alleviats the problem of particulate buildup in the

blower. Tha total amount of scrubber water collected during Test 3 (also the conclusion of the demonstration testing) was
« approximately 900 gallons, 3 k

** Prior to the feeding of @ny test soil for Test 3, 58 pounds of mild steel were added to the furnace, When the furnace wasg
restarted (6:33 p.m.), an additional 144 pounds of mild steel wero added,
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blower tripped the torch, and adequate furnace pressure could not be maintained. The

torch arc was reinitiated, and the test proceeded until a pour could be completed.

At 2:27 p.m., the afterburner was shut down, and the melt was poured By 2:37

~

p.m., the system was. shut down, secured, and Test 2 ‘was complete

a

" Test 3

Demonstration Test 3 was conducted on July 26, 1991. The troubl'esome blower
was replaced by a blower with a larger motor. Lighting of the torch; took place at
approximately 8:20 a.m. The furnace began to heat up at 8:23 a.m.

- At 9:53 a.m., the furnace tfipped‘ A leak, which caused distitled water to drip into
the primary chamber, had developed in the torch coollng system. The problem was
" caused’ by a side arcmg of the torch which burned a hole in the torch casing. The
furnace was opened and repairs were made by grinding clean the torch tip and
welding the hole shut. ‘By 12:40 p.m., the repairs were complete. The torch was

again struck, and the furnace began to heat back up.

At 3::_30 p.m., the furnace was near processing temperatures, and feeder loading
started, By 3:35 p.m., feeder Ioading was completed. The feeding of the first load
to the furnace was started at 3:50 p.m. By 4:47 p.m., the loading of the feeder with
a second load had begun. At 4: 54 p.m., the feeder was fully |oaded This was
followed |mmed1ately by the feedmg of the second load to the furnace. Approx:mately
one hour later, feeder loading of the third load was started and promptly completed.
By 6:00 p.m., the feeding of the third load had begun.

At 6:07 p.m. the afterburner tripped, temperature in the top baffle drobped, and the
feeder was stopped. The feeder was restarted at 6:11 p.m. At 6&24 p.m., the
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afterburner tripped agam, the furnace temperature dropped and the feeder was
stopped. The afterburner was relit at 6:27 p. m and the feeder was restarted at 6:30
p.m. It was later determined that the afterburner trlps had been caused by the

operator of the scrubber unit. During the course of the test, the two 10 micron filters -~

at the discharge of the sump pumps had become clogged. The operator changed out
each of the filters while the furnace was still Qperatnonal. This caused a pressure drop

in the scrubber supply water which, in turn, tripped the afterburner.

The time was 6:59 p.m. when the feeder loading activities began for the fourth load
of feed. At 7:06 p.m., when the feeder wa;s loaded, E'che feeding of the fourth load
started. Feeder loading began at 7:59 p.m. and was fumshed eight minutes later. The
feeding of a fifth load lmmedlately followed. By 9: 06 p.m., the feeding of the fifth
load was completed and the feeder was stopped At this point, the torch operator
prepared the melt for pouring. At 9:23 p.m., the’ pouring of the me_lt was initiated.
By 9:26 p.m., the melt.was poured, the svstem was poiwere-d domfn, and'.th‘e test was
complete. ' - -
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SECTION 5

" SAMPLING AND ANALYSIS PROGRAM

SAMPLING PROTOCOL

. As part of the SITE Program,” a sampling strategy was designed and. employed to
' evaﬂuate the performance of the Plasma Centnfugal Furnace technology developed by
Retech, Inc._ The sampling protocol was developed based on the critical test

objectuves stated in Section 1.-

-

Extensive monitoring of process equipment was also performed to collect data
" required for analytical and economic caiculations necessary to properly evaluate this

technology. These monitoring parameters are presented in Section 4 of this report. -~

‘Samples were oollected in accordance with the "Demonstration Plen for Plasma
Centrifugal Furnace Technology.” Minor changes to the original samplfng plan were
made. These changes are discussed in detail in Section 8 of this report. Figure 3
presents a schematic of the sampling locations for the Demonstration Tests.

To evaluate the technology, three replicate tests were performed using similar process
conditions. Accordingly, the sampling plan for each test was similar. The

demonstration consisted of three tests to ensure that adequate information could be
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gatrnered to properly evaluate the technology and limit analytncal bras from one set of
data. The types of samples collected for each of the tests are presented in Table 5.

Originally, it was also planned to co.llect samples of the scrubber solids. Due to the
limited emount of mass trapped in the scrubber filters (less than 0.5% wt.), it was not
possible to obtarn enough sample for the required analyses. Hence, the scrubber solid

and liquid samples were collected and analyzed together.

All liquid, solid, and gas samples were collected for analysis of the parémeters listed
in Table 5. Sampling sontainers were obtained from |-Chem Research and were
cleaned to EPA protocol specifications. Miscellaneous sample co,ntainers, such as
petri dishes, XAD-2 resins, Tenax®, etc. were provided by the sampling subcontrac:tor

and precleaned to specifications outlined in the Demonstration Plan.

- Ptocess measurements were made by MSE. The process was equipped with sens.ing
equiprnent fitted with transmitters (i.e., thermocbuples, flowmeters, etb.) to monitor
all important parameters. The data acquisition system (DAS) checked each monitoring__
pomt and logged information every 30 seconds. Table 2 presents the proc«nss
measurements made by MSE using the automated DAS. From these measurements,
the DAS calcul.ated several operational parameters as shown in Table 3. Visual
monitors were provided in the control area to display these parameters to the
operators. Additional measurements of the auxiliary equipment were collected by

MSE at 30-minute intervals. These. measurements included:

° furnace temperatures and pressures;
® torch parameters (i.e., pressure and flow of torch gés and torch power supply); -
® deionized and centrifuge water temperatures, pressures, and flow rates, and

‘e - system pressures for the lid, feeder,.exhaust, drive, and scrubber
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S1

Discrete% Volatiles; . 3 1
Discrete Semivolatiles . 3 3
Diserété ; Metais Scan | | 3 3
Composit:e Dioxins/Furans '1. M
Feed Soil g i
Compaosite - TCLP 1 1
Composiié HiéhsIr Haati‘n‘g vVaﬂus 1
Composilve | Chlori&e 1
Compo.siia Moisture (as received) __1_________
Discrete Semivolatiles 1 1
. Discrets Metals Scan 10 1
. Treated Soil | . Discrets Dioxin/Furans 1 1
" Discrets TCLP 1 s |

Discrete * Bulk Density :
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Grab . Volatiles 1 1
Scrubber Liquor Grab ; . Semivolatiles 1 1
Bofore Test Grab Metals Scen 1 i
_ Grab ! Dioxins/Furans | 1° 1°
Grab Volatiles 1 1
4 Scr:;t;:::r l;i:tuor Grab Semivolatiles 1 1
Grab Metals Scan 1 1 |
) G;alj vDic.)vxinsIFurar;s _!‘____11_“__
Grab ' Volatiles 1 1
s4 Scrubbse;ﬁt‘)’i:.charg, G‘rab'j .Semivolatile.s 1 1
~ Grab Moetals Scan 1 1 “
] Grab: Dioxins/Furans 1 1 lJ
| ! (Continued)




Table 5. (Continued)
B
£
4 : ‘ " ‘Number-of
- Sample'Location® " “Sample Name Sample Type -Parameter ‘Samples -
e ' D
TEST 1 (CONTINUED)
, VOST 6 1
(SW-846 M0030)
Gas Canister Volatiles )
(EPA 3¢ 1
. Compendium
MTO-14)
" e85 Stack Gas EPA MMS Semivolatiles 1
Multipie Metals Metais Scan 1
EPA MMS Dioxins/Furans 1
HCI -
EPA MS Particulates 1
CEMs 0,, CO,, CO, NO,, SO,, THC | Continuous
' ‘ TEST 2
R Discrete . Volatiles 3
_ . : Discrete - Semivolatiles 3 3* J
Discréte Metals Scan 3 3
ST Feed Soil
' Composite Dioxins/Furans 1°
: . Composite . TCLP 1
Composite Higher Heating Value . i
m——;——__.______ — T
Discrets Semivolatiles 1 1
Discrete Metais Scan 1 1
s2 Treated Soil Discrete Dioxin/Furans 1 1
Discrete TCLP 1 1
Discrets Bulk Density 1
Grab Volatiles 1 1
Scrubber Liquor Grab ‘ Semivolatiles 1 1
S4 -
Before Test Grab Metals Scan 1 1
Grab Dioxins/Furans 1° 1¢
{Continued)
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Table 5. (Continded)

i

. . Sample Type' RS ::Paiar;let;}f".
TEST 2 (CONTINUED)
‘ Grab Volatiles 1
1 . Grab Semivolatiles 1 .
“ s3 Scrubber Makeup
Grab ' Metais Scan 1
Grab Dioxins/Furans 1¢
Grab ; Volstiles 1 1 "
sa Scrubber Liquor Grab Semivolatilas 1 1 M
After Test Grab Motals Scan 1 1
Grab Dioxiﬁleurans 1¢ 1°
. Grab : Volatiles 1 1
sq Scrubber Discharge Grab Semjivolatiles 1 1
Solids* Grab Metals Scan 1 1
. Grab Dioxins/Furans 1¢ 1€
= s |
VvOSsT : 6 1
{SW-486 M0030)
Gas Canister \' Volatiles
{EPA Compendium 3° 1
" MTO-14)
EPA MMS Semivolatiles 1 1
s5 Stack Gas : !
' Multiple Metals: Metals Scan 1
EPA MMS ' Dioxins/Furans - 1 1
HCI
EPA M5 Particulates !
CEMs 0,, CO,, CO, NO,, SO,, THC Continuous
{Continuecl)
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Table 5. {Continued)

‘ . ’ ;:r:lumbor of
1¢Sam['.$le-'Mas"ne‘ ‘Sample Type. vzvébramete'r ‘ ~Samples;-
R L HER
TEST 3 ’ " '
Discrete Volatiles 3
Discrete Semivolatiles 3 3
Discrete Metals Scan 3 3
S1 Feed Sail j g i
- Composite Dioxins/Furans i€ i
Composite TCLP 1
Composite Higher Heating Value 1
Discrete . Semivolatiles 1 1
Discrete Metsls Scan 1 i
82 Treated Soil Discrete Dioxin/Furans 1 1
Discrete " TCLP 1 1
. Discrets Bulk Density _° 1 .
Grab : Volatiles 1 1
sq Scrubber Liquor Grab Semivolatiles 1 i
4 Before Test Grab Moetals Scan 1 i
Grab Dioxins/Furans 1¢ 1
. sa Scrubber Liquor Grab Volstiles 1 1
: After Test Grab Semivolatiles 1 1
' — ——————|
Grab Volatiles 1 1
<4 Scrubber Discharge Grab Semivolatiles 1 ‘ 1
Solids* Grab Metals Scan 1 1
Grab Dioxins/Furans 1° 1¢
y (Continued)
3
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Table 5. (Continued)

Ssmpla Location® " Semple'Name “Semple Type it vParameter . i
TEST 3 {(CONTINUED)
VOST 6 1
(SW-846 M0030)
Gas Canister i Volatiles
(EPA ) 30 1°
Compendium
MTO-14)
i
85 Stack Gas EPA MMS Semivolatiies 1
Multiple Metals Metals Scan 1 1
EPA MMS Dioxins/Furans 1
" Hel
EPA M5 Particulates 1 !
CEMs 0, CO,, CO, NO,, SO,, THC Continuous

Two of these s
One t

saaple.
precigion.

Sarples were not analyzed since ‘diox

Since sufficient scrubber solids were not obtai

suspended solids was analyzed.

Sarples were not anal
of the GC/MS detecto

Primary Sample
Duplicate Sample

¥Zed since there was neit
r during analysis of the Vi

Sarple locations keyed to Figure.-4.

amples were separate discrete samples collected
rue duplicate was collected at the same time as

r calculated parameters included:

plant water temperatures and flowrates: and
off-gas heat removal data and chiller operating data. '

? starting the Demonstration Tests, extensive planning and evaluations were
cted to ensure that representative sémples would be co@lected to achieve project
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at different times from the primary
the primary.samwple and analyzed for

ins/furans were not detected in the treated soil or in the stack
ned for a separate analysis, scrubber liquor - with

her breakthrough in tf)e VOST cartridges nor ssturstion

'0ST samples.




‘ objectives. Samples were collected at the locations noted in Figure 3. Below is a

discussion of the procedures used to collect samples at these locations.

i
t

Feed Soil

Samples of the feed soil were collected during each loading of the feed screw. The-se

samples were collected by obtalmng a scoop of material from the top and middie of

each 5-gallon pail that was fed to the furnace. These samples were ccllected usnng_
a small (1-cup) stainless steel scoop and depositing the sample in a 4-L glass jar.

After each collection, the jar was sealed and agitated by hand to thoroughly mix its

conterits. |

At the end of the test, the material that had been collected in the jar was portioned

into allquots ‘and stored in separate contamers for each. selected analysxs Samples

" for all analytlcal parameters were-collec_ted using this procedure with the exception

of the samples obtained for volatile organic analysis (VOA) Samples for VOA were
collected at intervals specified in the QAPP durmg feeder loading. These discrete -

samples were |mmed|ately placed into 40-mL VOA vials and stored at 4°C

Treated Soail

After each test, the treated soil was poured into a rectangular steel mdld ("pig") and
allowed to cool. After the material had solidified and cooled to approximately 100°F,
sampling was conducted. ’These events took place the.morning after irea'tment for
Tests 1 and 2 and two days later for Test 3. The treated soil from Test 3 was too hot

to sample the morning following treatment.
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Sampling of the treated soil was conducted{using a drill equipped with a diamond-
tipped 2-inch coring bit. The drill was mounted ona specially designed stand whjch
spanned the pig and-could be firmly attached in place. This provided a sturdy, stable
platform to operate the drill. Once mounted, the stand allowed the drill to operate
similar to a drill press. The drill bit was cooled by using a Milli-Q water system.
Cooling water was placed in a container, which could be pressurized by hand, and
piped to the drill bit. When drilling Was.initifated,'the cooling water was allowed to
flow to the bit. * The drill bit was lowered into place at selected locations within the
pig to collect sample cores. Each 4- to 5-inch core éample took approximately 5
minutes to obtain. When the bit was raised from the slag, the core sample remained
in the bit. There were, on occasion, some broken preces that remained in the drilled
hole. The broken fragments were removed from the hole using a stainless steel
screwdriver. The core within the bit was dislodged by removing the bit from the drill,
sliding a length of pioe down the internal shaft of the bit, and ramming the core until
_ it fell from the bit. The entlre core length (unbroken) depended on the depth of the
treated soil.in the pig. In most cases, the core was recovered rn-broken fragments. .
Pieces obtained from each core ranged in srz.e from 1 to 2 mches.

Several cores were abtained from different 'locations WEthin'the treated soil pig for
each test. After collecting a sufficient amount of material from each test, the sample
cores were composited into a single sample for eech test.. Compositing was
performed by placing the core fragments between two cotton cloths. A hammer was
used to break the fragments into smaller pieces. After reducing the fragment size to .
less than one-half inch, the pieces were thoroughly mixed and placed into sample

containers for analysis of each designéﬁed analytical parameter.

Samples of the Milli-Q water were also collected and shrpped to the laboratory for

analysis to check for contamination and account for any potential loss of material from

the vitrified soil during the drilling process.




Scrubber Liquor

Samples of the scrubber liquor were collected before and after each test. The
samples collected at the beginning of the test were obtained from a tap in the
scrubber recirculation lines. The scrubber was flushgd clean at the beginning of each
test and recharged with fresh tap water. Before samples were collected, the
recirculation pumps were turned on to allow the water to thoroughly mlx A bucket
was placed under the tap, and scrubber water was éllbwed to flow until 1 to 2 gallons
were ciollecfed and the sample tap flushed. This was performed to ensure that the
samples collected were representative of the actual contents of the scrubber and not
line cbnfamination.' After purging the line, the 1-L sample bottles werej placed under
'th'e' tap and filled. Samples for volatile organic analysis were also colleéted using this

vt'ech.ni«que and substituting the 1-L sample bottles with 40-mL VOA viéls.

Samples of the scrubber liquor were also c':ollected‘ir.nmediately following each test
run. When the system was secured, samples were obtained from the same tap as the

" pre-test. These samples were collected using the same procedures described above.

3

Scrubber Caustic
As with the scrubber liquor, a repreéentative sample of the scrubber caustic in the
sump was collected after Test 2. This sample was obtained from the discharge end
of the scrubber makeup pump. The tubing from the discharge end was removed from
its connection into the scrubber tank and placed into the sampling containers. The

pump was allowed to operate until the sample containers were filled.
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Stack Gas

The stack gas was sampled for a number'of parameters. All gas samples were
collected downstream of the blower. The stack gas was collected from the exhaust
duct located on the outside of the MSE test building. - Several sampling ports were
installed in the duct to accommodate the gas samplmg trams Each port was instalied
so that the spacing between them was &t least 8 pipe dnameters to facilitate isokinetic
sampling when required. All piping in the exhaust duct was 3" sch 10 304L SS with
an ID of 3.26". The sampling ports themsalves wers 3" x 3" tees with threaded
adapters for the sampling probes. All stacl{ gas probes (with the exception of the
standard pitot tube and thermocouple probei were designed to allow only the nozzle

to protrude into the gas stream and thus prevent significant flow disturbances.

A port similar to the sample train ports, only with a 1"‘adaptor, was also installed to
facilitate continuous emission monltormg equnpment Thls port was located upstream
of all other ports to mamtam sample mtegnty 'that may have been lost from i m leakage'

due to the installation_and removal of other sample trams. _
Volatiles

The stack gas was sampled for volatile organic comﬁounds (VOCs) using SW-846
Meihod 0030, volatile organic sampling train (VOST)i This method is designe-d to
provide analytical information on volatile orgafnics with boiling points Iess than 100°C.
Gas samples were coliected on pairs of ETenax@’-T‘enax@’/charc:oal cartridges as
described in the method. VOST sampies were collected for each Demonstration Test.
Tests 1 and 2 were conducted utilizing a smgle sample traln to collect VOST samples
throughout each test. Test 3 employed both a prlmary train and a duplncate train
which operated during the same time frarme as the prlmary train. To prevent overload
on the resin cartridges, varying volumes of samples were collected during each test.
Table 6 presents information on the samples collected for each test run.
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Table 6. VOST Sample Identification

—

S Time _ ‘-Samplé 1D¥ :Safnplc Dncﬂpﬁdn
" Test 1 (07/22/91) '
1400 ' SAIC-0129 20-L Pair
1540 SAIC-0130 20-L Pair
2530 SAIC-0131 Field Blank
1715 SAIC-0132 10-L Pair
1735 SAIC-1033 10-L Pair
1800 'SAIC-0134 5-L Pair
1825 SAIC-0134 -1 Pair
1841 SAIC-0161 3L Pair
1841 SAIC-0165 Condensate
- 1841 SAIC-0199 Trip Blank _
[ — Test 2 (07/24/91) ' T
1100 SAIC-0255 Field Blank
1116-1156 SAIC-0256 20-L Pair
1210-1250 SAIC-0257 20-L Pair
1302-1322 SAIC-0258 . 10-L Pair
13361356 SAIC-0259 10-L Pair
: 1429-1442 SAIC-6260 6.75-L Pair
1443 'SAIC-0272 Condensate
Test 3 (07/26/91) ]
2145 SAIC-0381 Primary Condansate ]
. 2145 SAIC-0382 Duplicate Condensate
1558-1638 SAIC-0386 Duplicate 20-L Pair
1558-1638 SAIC-0387 Primary 20-L Pair
1649-1729 SAIC-0389 Duplicate 20-L Pair
1648.1728 SAIC-0399 " Primary 20-L Pair
1737-1757 ~ SAIC-0390 Duplicate 10-L Pair
1738-1758 SAIC-0391 Primary 10-L Pair
1808-1828 SAIC-0392 Duplicate 10-L Pair
1809-1829 SAIC-0393 Primary 10-L Pair
1841.1851 SAIC-0394 Duplicate 5-L Pair
1841-1851 SAIC-0395 Duplicate 5-L Pair
21272130 . SAIC-0396 - Duplicate 1.69-L Pair
2127-2130 SAIC-0387 Primary- 1.69-L Pair
1900 SAIC-0398 Field Blank
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In the event of breakthrough of the VOST eartridges or eaturation of the GC detector,
gas eanister samples were also collected as a:backup foir the VOST samples. The gas
canister samples were collected per EPA Co(hpendiumeethod TO-14. As with the
VOST, Tests 1 and 2 were sampled with a single canister sampling train and Te_st 3
included a duplieate canister sampling train. Six-liter samples were collected in

evacuated stainless steel canisters.
Semivolatiles and Dioxins/Furans

Samples for semivolatiles and dioxins/furans were each fcollected from the stack using
the Modified Method 5 (MM5) sampling tirains in éccordance with the method -
specified in SW-846 (Method 0010). The MMS train is designed to sample gaseous
and particulate pollutants with boiling points greater then 100°C. Samples are puiled
from the stack is_okinetically and then passed through a filter and a porous pplymerﬁc

resin to trap the components of interest. |

Samples were collected nominally at approximately 0.5 scfm until a total of 106 ft®
of sample were obtained. During sample retrieval in the field each component of the
"sample train was removed and nnsed with methylene chloride. This rinse was'
collected and sent to the laboratory for analysus For the dioxin/furan MM5 sampﬂe'
trains, toluene was used instead of met'hylezne chlorld'e. All other procedures took
place as described in the method. ' E .

One MM5 sample train was used to cqllect seﬁmivelatile istack eamples for Tests 2 and
3. Test 1 semivolatile stack samples were collected in vduplicate One sample train
was used to collect dioxin/furan .stack samples in Tests 1 and 3, while Test 2

samplmg was performed in duplicate.

48 |




Metals

Sarnples of the stack gas for metals anal‘ysis were collected using the mhltiple metals
train. This method is similar the MM5 method sampling methodology and is described
in SW-846 draft Method 0012.

For the muitiple metals method, nitric acid, peroxide, potassium permangenate and
sulfuric acid are utilized in the impinger system to remove contaminates from the gas
stream. Samples are collected isokinetically and particulates are captufed on a filter
(similar to Method 5) which is later digested for analysis. For these tests, a minimum
of 30 ft® was required to meet Demonstration Test objectives. Samples were
cbﬂected at a rate of approximately 0.5 scfm. N

One. multiple metals train was used to collect gas samples for Testsf‘i and 3. A

duplicate sample train was installed for Test 2.
Particulates/HCI

The stack Qés was sampled for particulates and hydrogen chloride (HCI) using the EPA
Method 5 (Mb) sampling train. This method involves isokinetic sampling of the stack
gas sirnilar to the MM5 sample trains. Here the impinger system employs sodium
hydroxide and silica gel to determine contaminatio? levels in the gas sfream.

The gas waé sampled at a rate of 0.5 scfm until a total of 30 cubic feet were
obtained for each sample. After ti;ae samples wer'e collected, the train Was removed

to a clean area for sample recovery utilizing acetone and deionized water. ’
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Continuous Emission Monitoring

Continuous Emission Monitors (CEMs) were used for each of the test runs to monitor
the stack gas concentrations of CO,, CO, O, SO, NO,, and THC. Samples were
collected by inserting a stainless steel probe mto one of the 1" sampling ports. Gas
was withdrawn and transported through a heated Teflon‘D sample line to the -
instrument trailer. Once inside the trailer, the gas was condmoned before entering the
analytical equipment. Conditioning was perfo‘rmed by passing the gas through several
short-stemmed impingers immersed in an |ce bath to remove any. water that was
entrained in the gas. Following the xmpmgers, the gas was directed through a glass
fiber filter which removed partnculates The gas was pulled through the system by a
Teflon®-bladder diaphragm pump. Gas exmng the pump was sent to a manifold which

supplied sample to each of the CEM mstruments C © e

ANALYTICAL PROTOCOLS

Analytical protocols were selected to prov;ide reliabl% data. In most cases, the
' ‘Demonstration Test samples were analyzed hsing stahdard EPA-approved methods.
There were some variations and modificatiohs made to these methods as noted in
Section 8 of this report. The following descrlbes the analytlcal methods used for this

demonstratnon

Volatile Organics

Analyses for VOCs of all solid and liquid samples obtéined during the Demonstration
Tests were done in accordance with SW~846; Method 3240. This method is a GC/MS
method in which the sample is introduced%to a purging tube and. an inert gas is
bubbled through the sample. The volatiles are removed from the sample and swept
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intd the gas phase. The gas is then collected and concentrated in a trap fthat'contains.
a sorbent material. After the sample has been sufficiently purged, the trap is rapidly
heated to desorb the volatiles into a gaa chromatogfaph. The sample is separated in
the gas bhronﬁatograph and sent to a mass spectrometer for detection. The mass
spectrometer is calibrated by spiking reagent water with pollutants of interest and

analyzing under the same conditions as the samples.

Before purging the standards and samples, internal standards and surrogates are
added to the purge tube. Quantitation of the sample is performed by comparing the
response of the samples to that of the standard. Corrections are made for the

recovery of the internal standards.

The VOST samples were analyzed using 'SW-846 draft Method 5041 :and SW-846
Method 8240. Method 5041 was required to desorb the volatiles from the VOST
tubes. For the analysis of the VOST tubes, the GC/MS was first calibrated using a.
flash-eyapol‘ation technique which involved the loading of the standards on a pair of
VOST <:artridges. The VOST cartridée was then pladed in a clamshell heater to rapiclly
desorb the volatiles. An inert carrier gas backfiushed the volatiles off the VOST
cartridges. The vdlatiles passed through a sparge tube with 5 mL of réagent water
containing surrogate and internal standards. The volatiles were collected on the
concentrator tube in the purge and trap device. Following the desorption, the analysis
proceeded as descnbed in SW-846.Method 8240. Samples were analyzed under the

same conditions as the standards.
If the r¢=sults of the VOST tubes had exceeded the calibration range of the GC/MS, it -

would have been necessary to analyze the gas canister sample for volatlles Since the

results of the VOST samples were satlsfactory, the gas canisters were not analyzed.
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Semivolatile samples collected during the Demonstratibn Tests were analyzed using
SW-846 Method 8270. Method 8270 is a GTC/MS mefhod'in which a sample extra'ct
is injected into a gas chromatograph. The cfhromatograph spl'rts the components of
interest which are then detected by the mass spectrometer. Sufrogate standards
were added to the sample at the time of extractioln to measure the extraction
efficiencies. Internal standards were added%to the sample extracts before analysis.
Calibration of the mass spectrometer was perforrrned in accordance with the
procedures prescribeq in the method. Method 8270 was used to analyze the feed
soil, treated soil, TCLP extract for the treated soil, scrubbe‘r liquor before and after

each test, the scrubber caustic, and the stack gas samples.

To prepare the samples for analysis by SWi-846 Method 8270; the compounds of
interest must first be extracted from the medna of mterest Liquid samples were
extracted using Method 3520, .continuous hquud quurd extraction. Solid samples,
including the XAD-2 resin from the MM5 sample tram, were extracted using Method.
3540, soxhlet extraction. The treated soil from the test had to be pulverized into a
fine powder before it was extracted. This was accqmblished by running the material
through a crusher and placiné the smaller pjeces in a mechanical mortar and pestle
until a fine powder was obtained. '

Dioxins and Furans

Analysis for polychlorinated dioxins and furans'was piértormed using SW-846 draft
Method 8290, which is a high resolution gas chromatography/higvh resolution mass
spectrometry (HRGC/HRMS) method. It was not antieipated that dioxin and furans
would be present in any of the matrices. Hovyever, hexachlorobenaene, which has the
potential of forming these compounds, was :spiked_ inte the feed soil. Method 8290
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was selected to detect dloxms and furans at-very low levels. The samplmg plan called .
for the analysis of the treated soil and the stack gas to determme if these compounds
were |present If these compounds were detected at significant levels in these
matrices, the remaining samples would be analyzed. Since dioxin and furans were not
detected at significant levels in the stack gas or the treated sonl, these addltlcnal

samples were not analyzed.-

Method 8290 is a rigorous method for the detection of polychlorodibenzodioxins and
polychlorodibenzofurans (PCDDs/PCDFs) which involves matrix-specific sample
preparation and cleanup. Before extraction, the samples are spiked ‘'with specific
‘ amcun_te of nine isotopically ('3C,,) labeled PCDDs/PCDFs. The samples then undergo
the extraction procedure and extract cleanup. The final extract is prepared by adding
“two recovery standards to determine the percent recoveries of the PCDD/PCDF
congeners and the hexa-, hepta-, and .octachlorinated PCDD/PCDF congeners. One
‘to_two uL of the extract are injected into an HRGC/HRMS capable of performing
selected ion monltonng and resolving powers of atleast a 10 percent valley definition.
Compounds are detected and identified based on their elution at thenr exact retention
time, per the calibradtion, and the snmultaneous detection of the two most abundant
ions in the molecular ion region. Conflrmatlon is performed by a companson of the
ratios of the integrated ion abundance of the molecular ion species 10 thelr theoretical
abundance ratios. Quantitation is achieved i in conjunction with a multlpomt calibration

- curve for each targeted compound.

Metals

-

All of the sample matrices collected during the Demcnsxqaticn Tests were analyied
for metals. All liquid samples were digesied per Method 3010 of SW-846. The filters
that collected particulate matter from the ‘multiple metals trains were digested using
" SW-846 Method 3050. A modification of Method 3051 was used for the digestion
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of all soil samples for metals analyses. This isa microwave digestion procedure. The
modification to this method requires the use of hydrofluoric acid in combination with
hydrochloric acid and nitric acnd to completely dissolve the sample rather than to leach
the sample. A total dlgestlon was partlcularly necessary for the metals analyses of
the treated soil because of the limited leachability of metals in this matrix. The
method was also used for the feed soil samples so that reported values are
‘comparable when performing a material balance. The giassified soil was crushed prior

to digestion as described for semivolatile analysis.

Analyses of the digestates were performedi using p-rimarily SW-846 Method 6010
which is inductively coupled plasma atomic emission spectrossovpy method (ICP). This
method measures element-emitted light by oggzti'cal spectrometry. The quantity of light
emitted is directly proportional to the amofunt of material present in the sample.
Arsenic conceritrations were measured using SW-846 Method 7060. This method is
a graphic furnace procedure in which a saimple of the digestate is atomized in a
graphxc tube furnace. The absorptlon ofa specxflc wavelength of light is proportional
to the arsenic concentration. Selemum was measured by SW-846 Method 7740
which is also a graphic furnace technique. 'li'he procedure is the same as the arsenic
method but uses a different wavelength of lfig.ht. Mer;:ury was analyzed by Method
7471 which is a cold-vapor atomic absorption method. The mercury is reduced to the
elemental state and aerated from solution in a closed system. The vapor passes
through a cell position in the light path of an atomic absbfption spectrophotometer.
Absorbance is measured on a strip chart recorder where the height of the peak is a

function of the mercury concentration.

Feed soil and treated soil were tested for Ieachable metals and semivolatiles organic

compounds using the Toxicity Charactenstlc Leachmg Procedure (TCLP). TCLP
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analyses were conduc;ced in accordance with the procedures outlined in SW-846
Methad 1311. The TCLP method is designed to détermine the mobility of organic and
inorganic analytes present in liquid, solid, and multiphase Wastes. L‘The method
involves selecting an appropriate extraction fluid, then extracting the waste by
agitation for 18 = 2 hours. The extract is then.collected by filtration and subjected
to the required analytical procedures. Semivolatiles were extracted :and analyzed
using the procedures defined.in SW-846 Methods 3520/8270. Metals were analyzed
per SW-846 methods outlined above.

TCLP requires that solid waste pass through a 9.5 mm standard sieve. Since the
treated soil was a solid monolith, particle size reduction was necessary. This was

accomplished by crushing and grinding the material as described previ‘pusly.'

Chiloride Analysis -

Sampl[es collected in the M5 samﬁle train Were analyzed for HCI uéing a Dionex Model .
2010 ion chromatograph following_ Method 27 from the "FGD Chemistry dnd
Analytical Methods. Handbook”, Radian Corporation, Volume 2, J'uly: 1984. This
method involves ion separation on an ion exchange column and detectlon of these

ions conductlmetncally

Chiloride ‘analysis of feed soil sarrip\es were performed in accordance with ASTM
Method D-2361.

Higher Heating Value

The higher heating value of the test soil was determined using a bomb calorimeter in

accordance with ASTM Method D2015-85. The method involves charging a known
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quantity of material inside a bomb caldrimetef, ig}xiting it, and determining the amount

of heat released.

Particulate Matter

The particulate determination from the M5 sample tram was determmed using a
gravimetric procedure. A pre-weighed fllter was used in the sample train, then
reweighed after the test. The acetone rinsates generated during sample recovery
were allowed to evaporate and the residue Was also weighed. The amount of residue
from the rinsate was added to the residue collected on the filters 10 determine the

total particulate catch.

Density
The bulk density of the treated soil was determined using EPA Method 25A. The
samples were placed in a pre-weighed graduéted cylinder to a prescribed volume. The

cylinder was re-weighed and the- density was qetermihed.

Continuous Emission Monitoring

Gas ernissions were continuously monitore# using on-line instrumentation. The data
obtained from these instruments were recé’rded ever%y 2 seconds u'sing' a computer
based data acquisition system. Although measured, ;So'z data was later determined
to be unusable because of interferences caused by high NO, levels in the gas stream.
All CEM instruments were calibrated usirfxg certifieid gas standards. Below is a

discussion of the analysis method for each: parameter.
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Carbon Monox{de

A Bendix Model 85-105CA analyzer was used to measure CO in the stack gas
according to EPA Method 10. The instrument operates by using a dispersive infrared
analyzer which measures the concentration of CO by infrared absorption at a

characteristic wavelength.
" Carbon Dioxide

A MSA Model 303 non-dispersive infrared analyzer was used to‘ detect the
concentration of CO, in the stack gas according to EPA Method 3A. This monitor
operates by measuring the absorption of infrared radiation at a characteristic

wavelength. : . .
Oxygen .

A Taylor Model 540A oxygen analyzer was used to determine the concentrations of’
0O, in the stack ga:s in accordance with EPA Methed 3A. The analyzer measures O,

concentrations based on the magnetic properties of O,.

Sulfur Dioxide

" A TECO Model 40 pulsed fluorescent analyzer was used to measure SO, in the stack
gas continuously (EPA Method 6C). The instrument detects SO, based on the
absorbtion of ultraviolet radiation. As the molecule returns to the ground energy
state, fluorescence 6ccurs. The amount of fluoféséence is related to the
concentration of SO,. o |

57




Nitrogen Oxides

A TECO Model 10 analyzer was used fof NO,, measurements in the stack gas
according to EPA Method 7E. The instrument works by converting all of the nitrogen
oxides present in the sample to nitric oxideg.. The nitric oxide is then reacted with
ozone. This reaction produces a chemilhminesceﬁce proportional to the NO,
concentration in the sample. The che_milumirfescence is detected bya high-sehsitivity

photomultiplier.

Total Hydrocarbons

A Beckman Model 400A was used .to contmuously measure the concentratldn of
hydrocarbons present in the stack gas in accordance wnth EPA. Method 25A. This
instrument uses a hydrogen flame ionization detector Wthh ionizes the sample as it
passes through the flame. The carbon atoﬁ‘:s in the éample are ionized to produce
. positwe cations and electrons. These charged particles are collected and produce a
current which. is measured. The current generated is directly proportional to the-

concentration of hydrocarbons present in the sample.




SECTION 6

PERFORMANCE AND DATA EVALUATION

TRODUCTION

ree Demonstration Tests were performed to. evaluate the effectiveness of the

ech, Inc. Plasma Centrifugal Furnace (PCF-6) in treating the waste feed matrix

sibility of employing similar, but full-
cilities throughout the country. To
critical” and "noéncritical” objectives were

cribed in Section 3 and to evaluate the fea
le units at hazardous ‘waste treatment fa
litate this ey‘aluation, the following "
ablished: '

to characterize the residues produced at optimum operation including :
Destruction and Removal Efficiency (DRE), fate and trans

‘ port of metals, and )
residue quality; - ‘

to identify pre- and post-feed waste treatment réqdirements.

to evaluate the ability of the furnace to effectively vitrify‘ inorganic and metal -

constituents within a soijl into a monolithic nonleachable mass. (Zinc oxide was -

- spiked into the 'soil at a level of 28,000 ppm.)
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e to determine of the‘fu‘rnéc‘:e can meet §99.§9% I?RE for the target analytes in
a soil contaminated with up to 10% organics. (Héxachlorobenzene was spiked
into the feed soil at 1,000 ppm so that a DRE 6f 99.99% could be positively
determined. DREs for other targét anélytes, i.ef, SW-846 Method 8240 and
8270 compounds as listed in the Qualfty Assurance Project Plan (Section 5 of
the Demonstration Plan), were determihed if these compounds were'greserit at

high enough levels in the feed soil.)
Noncritical:

e to achieve heat and mass balances; | ‘
° to characterize the performance of th.é process;f
. to identify the need for secondary treétment;
e to isolate operational problems in the field; o
o to identify solutions to potential p‘robléms'; | B
° to identify gévernment policy an;i regUIatory requirements;
e to evaluate potential uses of the process, - '
e  to provide a comparison against competmve technologles,
. to develop operating costs; and ‘ ' . .
° to determine the useful life of the quipment. '

In addition to allowing an evaluation of the technology for potential Superfund
applncat:ons, the activities and results of thns testing will also provide assistance to
DOE in their evaluatlon of the technology for the remeduatlon of hazardous waste sites

under their ]UI’ISdICtIOI’l

All detailed analytical results are presented in' Volume Il of this Report. Generally, only
results that have undergone data reduction fappear in this section. ’
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TOXICITY Cl;lARACTERISTIC LEACHING PROCEDURE

The PCF. is designed tolencapsulate inorganic compounds in the vitrified ‘slag and
render the treated soil-nonleachable. Testing activities have demonstrated that the
process can effectiVely bind inorganic compounds into the treated soil. The Toxicity
Characteristic Leaching Procedure (TCLP) was performed on both the feed soil and the
produced slag. The feed soil was tested,t'o establish initial values for the leachability
of organic and inorganic compounds. The vitrified slag underwent TCLP to meet the

testing objectives.

TCLP analysis of the feed soil for metals showed that the only elements vwhic:h
exhibited significant leachability characteristics were: calcium, sodium, and the spiked
zinc.. Table 7 summarizes the results of the TCLP metals analysis of the_feed soil.
The presehce of sodium in the leachate is not unexpected'because of its high
concentration in the soil and the fact that it is a weakly dissociable metal. This means
that sodlum, unlike other metals, is readlly soluble. If the solution is even shghtly '
acidic (as in the TCLP) this phenomenon is enhanced. None of the eight RCRA
characteristi'c metals found in the feed soil leachate were above the reghlatofy limit.’
The evaluation of the leachability of the vitrified slag was based on caldfum and zinle.
Calcium was chosen, in‘ addition to zinc, because of its tendency to leach frorﬁ the
feed soil. Sodium was not monitored because of its unusual solubility characteristics

as explamed above.

The treated soil TCLP metals analysis is also shown in Table 7. None of the metals,
with the exception of sodium, showed any strong characteristic for leaching. Sodlum
is probably .present in the leachate for the reasons.stated above and was not_
consndered in this evaluation. Both tracer metals, calcium and zinc, showed
significant reductions in leachiﬁg properties in the treated soil as compared to the
feed. In fact, all of the metals, with the exception of aluminum and iron showed

reduced leachability characteristics. The leachability' for the aluminum in both feed
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Table 7. TCLP Resuits for Demonstration Tests

5 S o —— : R
Fr o i| i-avarage Feed:sait: | ¢ - o ’.T}eatéd"s.éil‘Laachat'é:"Ct;ﬁcéﬁi;é;'iot;l'- M
| . chmpbuﬁd? EL“CM“. ' L U -
T . Concentratio e TestA b iTesti2
| S tmgly T (mgly " imaly -
- Metals :
Aluminum 0.23 J 045 4 0.415 J 0.32 J
ii Barium 0.14 0.078 : 0.085 ' 0.075 .
Cadmium 0.087 ' <0.039 , | . <0.039 <0.039 -
Calcium ° 175 | 21 J 285 4 2.05 3
Copper T 4.6 ) 0.15° 0.355 . 0.305
tron 0.063 25 | 2.95 . 812 i
Magnesium 812 ; <0.039 <0.039 <0.039 ]l
Mangarnase - 4.82 ‘ 0.05? 0.0861 0.245
Nicke! . 0.022 ' <0.011 0010 J 0.11
Potassium 4.58 <0.70 <070 <0.70
Sodium 1,475 - 1,500 . 1,400 " 1,400
Vanadium " 0.099 <0.0043 <0.0043 <0.0043
Zinc . 982 _ ' 0.45, ’ o036 0.30 ]
) SQmivolaiil:cs ‘ ’ . ) . il
pem e S —
| Hexachlorobenzens . <0.0010 ' <0.0010 ' <0.0010 <0.0010
2-Methyinaphthalens 0.282 <0.0018 ' <0.0019 : <0.0019
Naphthaleno o 0.397 <0.0026 | <0.0026 <0.0026

J Estimated result. Indicates that the result is less than the quantitation limit. The quantitetion limit is dsfined as S timos
thos detection limit. ) ' “
< Indicates that this constituent was not detected at or above the detection limit.

and treated soil is low and the values reported for the tfeated soil are only estimates
(lerss than the quantitation limit). Therefore, ?it is quite probable that the leachability
of aluminum from the feed soil as compareﬁ to that frpm the treated soil did not
change. The increase in leachability of iron%in the treated soil is probably because
approximately 100 pounds of mild steel weré placed in the furnace to aid in initiating
the arc of the torch (see Section 4). This cofnsiderably! increased the iron content of

the slag in comparison to the feed soil.
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The only organic constituents that were found to be leachable from the feed soil were-
- 2-methyinaphthalene and naphthaléne,‘ as shown in Table 7. Although the feed soil
was spiked with a high level of hexachiorobenzene (1,000 ppm), it did net leach from

the soil. No organic compounds were found to leach from the treated slag.

The Toxicity Characteristic Leaching Procedure requires -samples to be ground into
small particles. In this mannér, a large amount of surface area is javailable for
leaching. Since the PCF produces a monolithic slag after treatment, the surface area
per pound of treated soil is much smaller than that of the feed soil. The TCLP
results, therefore, present a conservative assessment of the actual leachability of the

monolithic slag.

' DESTRUCTION AND REMOVAL EFFICIENCY

The Destructioriand Removal Efficiency (DRE), uséd to determine organic destruction,
- is determined by analyzing for the Principal Orgamc Hazardous Compound (POHC)in

, the feed soil and the stack gas. The DRE may be calculated as follows

mass in - mass out'
DRE (%) = x 100% .

" mass out

For these %ests, the POHC was hexachlorobenzene. The estimated mean level of
hexachlorobenzene, based on all the feed soil samples for the three tesfs was 972
ppm (see Table 8). ,The_ 95% confidence interval for the estiméted mearj was 864 to
1,680 ppm. No hexachlorobenzene was detected in the stack gas, therefore, all
~ hexachlorobenzene DREs determined are based on the detection limit from the
appropriate tests. Table 9 gives these DREs based on the 95% confidence interval

of the feed soil and the detection limit for each test.
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Table 8. Organic Compounds in the Demons{ration Test Soil

R e i
—_— =

Compound’ ib/100 E&ed
o Volatilesi'
Benzens 9.91E-05
Ethyl Benzene 2.84E-03
Tolusno 1.81E-03 18.1
| Xylone 1.348-02 136 |
Semivolatiles™ ::I
. = » =—— ]
Hexachlorobenzene 9.725-b5 972
2-Methyinaphthalene 4.58E-05 458
Naphthalene 1.52€-05 150
Phonanthrane 6.62E-06 - 66.2

\

1,2-Dichiorosthane and methyl etfwl ketone wers both deteéted a few samples, but only at low levels.
Other compounds were detected in a few samples, but only.at low levels.

i

Table 9. DRE Resuits for ;Demonstratﬁon Tests

Test 1

; . ﬁ“Co;ppognd. o
| ‘ _ Hexachlorobsnzene |
Lower 95% Confidence Interval Limit >99.9964 >99.9982 >99.9990 >99.99989
Mean >99.9-965 >98.9984 >9§.9991 >99.99990
Upper 95% Confidence Interval Limit »99.8971 >99.9986 >99.9982 >99.99991
7 z-Methyi;aapmhaten{ '7 ' ]
Lower 55% Confidence Interval Limit >99.9853 >99.9930 >99.9968 >99.99960 |
Maan | >99.9872 >99'.9939 599.9964 >99,99965
Upper 95% Confidence Interval Limit >99.9891 - >99.9948 _>99.9969 >99.999'Il_| :

As can be seen from Table 9, the estimated average DVR'E values for this test ranged
from >99.9968% to  >99.9999% for a highly chlorinated compound,

hexachlorobenzene.

It can be reasonably assumed that this level of DRE (if

measurable) can be achieved for most chlorinated or halogenated compounds.

. 64;




The Silver Bow Creek soil was mixed with 10% by weight No. 2 diesel oil, in addition
to being spiked with hexachlorobenzene. Analysis of the mixed feed soil indicated
that sufficient 2-methylnaphthalene, another semivolatile compound, wés present at
sufficiently high levels in the feed tb determine a significant DRE fbr each test. The
95% confidence interval for Z-hethylnaphthalene was 390 to 526 bpm with an
estimated mean of 458 ppm as shown in-Table 8. This level of'contamination in the
feed sqil leads to thé range of DREs given in Table 9, again based on detection limits

because none of this compound was detected in the stack gas.

Total xylenes, a group of volatile compounds, were also found in sufficient quantities
in the feed soil to determine a significant DRE. The 95% confidence interval for the
estimated mean of the total xylenes was 128 to 139 ppm. The DREs associated with
this confidence interval for the three tests were >99.9929% to >99.89934%.
Throughout each of the Demonstration Tests, multiple Volatile Organic Sampling Train
(VOST) samples were taken. VOST sample§ were obtained using SW-{846 Method
' 0030 which designates specific volumes collected over a short duratioh. The DREs
. presented are an average over all three teéts based on the 95% confidence interval
of xylenes in the feed soik. Averages of all-the DREs can be taken ;because the

detection limits obtained are thé same for all the VOST samples.

Overall, the PCF appeared to be very efficient in déstroying both volatile and
semivolatile compounds when both the primary reaction chamber and the afterburner -

were operating..

ACID GAS REMOVAL AND.PARTICULATE EMISSIONS. -

Measured HCI emission rates ranged from 0.0007 to 0.0017 Ibs/hr. The chlorine
concentration in the feed soil for Test 1 was 0.066%. This leads to a EHCI removal

“efficiency of 98.5%. Because of the low chlorine inpuf, the regulatory requirement
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of the larger of either 4 Ibs/hr or 99% removal [40 CFR (07/01/91 Edition)
§264.343(b)] was met. The removal efﬂcuency may not be meaningful because of the
low chlorine input. However, it appears that even if the chlorine in the feed had been

higher, an HCI removal efficiency of 99% could be achieved.

As shown in Table 10, the particulate em:ssnons durmg each of the three tests
exceeded the regulatory limit of 0.08 grams/dscf [40 CFR (07/01/91 Edition)
§264.343(c)]. These emission rates have not been correctedv_v for 7% oxygen. The
7% oxygen correction factor is‘14%/(21 % - 0,%). Thé oxygeﬁ correction is required
by RCRA for all hazardous waste incinerators except those operating under the
condition of oxygen enrichment. The rp?urpose fc;r correcting for 7% O, in
" conventional incineration systems is to accb(@nt for the ;dilution factor in the s‘;éck gas
caused by using excess air for combustion. gFor the Retech process, pure oxygen is
feid to the primary chamber through an oxygen lance as soon as feeding of the first
batch of so:l begins. The O, :s continually introduced to the furnace throughout the
remamder of the treatment process The O, 'content of the stack gas when no soil is
being fed to the furnace (i.e, between feeding cycles, during recharging of the feeder), .
is in excess of 21%. As stated above, RCRA does not require the 7% 0, correction
faétor for hazardous waste incinerators opef'ating under oxygen enrichment [40 CFR
(07/01/91 Edition) 8264.343(c)]. Therefore, the PCF is exempt froin this correction
factor. During feeding of the soil to the furnace, the stack gas O, level drops to
approximately 11%. Therefore, if the corgectlon is- jco be applied only during the
feeding cycle (when presumably the particulaites’are bei‘hg generated), then the values

given in Table 10 should be increased by a factor of 1.4.

Table 10. Particulate Resultsgfor Demonstration Tests

i

. ‘Parameter: - " Test1 | Test'1-
B < _ : i Duplicate
Particulate Concentration {(grains/dscf) 0.341 , 0.240 0.422 0.410 “
* Parﬂculate Emissions (ib/hr) 0.342 0.238 0.418 0.423 "
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The amount of particulates captured by the air pollution control system was extremely
small. This is demonstrated, in part, by the low iéve:i of scrubber solids present in the
sump. There was less than 0.5% total solids in the scrubber sump tank. The
consequence of this high particuléte loading during the Demonstratioroest was a
substantial buildup of particulate matter in the exhaust blower after the air pollut‘ion‘
control system. The pressure differential across the exhauét blower jwas reduced
because of the pamculate build-up, and the first two Demonstratuon Tests were
shortened due to this problem. A larger blower was mstalled for the third
Demonstration Test, which was completed as scheduled, but particulate build-up still

persisted.

The Silver Bow Creek Superfund Site soil was extremely dry and 'du'sty before it was
mixed with the diesel oil. Even after mixing the soil with the diesel oil, it was very
free-flowing with no standing liquid. It is possible that the fines from this feed may
not have been retained in the melted soil in the primary reaction,chamber and simply
passed through the treatment pror::ess and the scn_Jbbing unit and into the exhaust
: blower and stack gas.' lif the dust did pass through the treatment process, it would
be expected that a well-designed wet scrubbing system would be capable of capthring' .
the pérticulates If the feed soil does not contain aoy halogenated compounds, then
" the process does not reqwre a wet scrubbing system and a baghouse could be used
. to control the particulate emissions. Judicious selection of the most suitable air
pollution control device is necessary before effectlve smplementatlon of this

technology can be achieved..

AIR EMISSIONS
The air emissions consisted primarily of products of incomplete combustion (PICs) and

-particulates. Table 11 presents a summary of the semivolatile organio compounds
emitted in the stack gas. For the case of the emitted semivolatile organics, the most
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Table 11.- Stack Gas Composition During the Demonstration Tests

e T test | Test 2 - B Teot 3

) 'lb;/?oo ibs tuul"j .”.f'.::ppm: !bff:a?;:ibc T o.ppm”

. Sanﬂvolawtcs
Acatophanane <2.15E-06 <0.38 4.63t06 4 | 071 4 | 2.30E-06 0.031
Benzolc Acid 3.77E-04 6.7 3.29E-04 4.9 1.98E-04 2.6
Banzyl Alcohol <4.95E-07 <0.0099 <1.65E-07 <0.0033 3.766-07 J 0.0056 J
Butylbenzylphthalate <3.28E-07 <0.0023 <1.09E-07 <0.0008 3.768-07 J 0.0056 J
Dibutylphthalste <9.93E-07 B | <0.0077 8 4.486-06 JB | 0.030 JB | 1.156-06 B | 0.0067 B
Disthylphthalate <541E05 B [<070 B 254605 B | 028 B | 250605 B | 024 B
2,4-Dinitrophenol 2.13805 J 025 J 127605 J | 013 J | 5.74E-06 ooso |
bis{2-Ethylhexyliphthalate 756605 B | 041 ©B | 508605 B | 0.24 B | a6oe-06 B | 0019 B |
Naphthalens 1.68605 B | 026 B .96E06 B | 0.12 B | 115606 B | 0.13¢ B |
Nitrobenzens <3.136:07 J | <0.0056 J 284606 J | 0082 J | 1.566-08 0.021
2-Nitraphenol <8.566-06 J | <013 J 2.096-06 J | 0028 J | 1.36E-05 0.16
4-Nitrophenol o 1.15€-05 J 098 J | <1.43E-05 <0.22 1.01E-05 012 .
T Motals , T

Aluminum 5.02E-04 B 1.34 B 9.66E-04 B 2.10 B’ 5.67E-04 B 1.14 B
Antimony 1.18E-05 0.031 4.16E-05 0.091 2.62E-05 0.053
Arsanic 188203 B | 502 B | 298603 B | 654 B | 247603 B | 497 B
Barum 426805 B | 0.1314 8 8.09E-05 B | 0177 B | 611605 8 | 0123 B8 |l
Beryllium 1.638-07 0001 - 3.58E-07 0.001 2.91E-07 0.001
Cadmivm 1.76E-05 0.047 - 3.99E-05 | 0.088 2.76E-05 0.056
Calcium 841604 B. | 251 B 174603 B | 3.8 B | 9.60E-04 B 193 B
Chromium 339604 B | 0.504 B 576-06 B | 1.44¢ B | 7.276-04 146 B
Copper 1.63603 B | 4.35 B | -4.71E03 B’ ]|10.3 B | 204603 B | 409 B
fron 1.516-02 B | 40.2 B 3.01E-02 B | 66.1 B8 | 45102 B | 80.6 B
Lead . 9.26E:06 B 248 B 229603 B | 502 B | 1.60E03 8 | 321 8
Magresium 20104 B | 0535 B 226604 B | 0796 B | 247604 B | 0487 B
Mangsnese 1.146-04 B | 0305 8 248E-06 B | 0544 B | 3.2004 B | 0643 B
Maercury 1.386-06 B | 0004 B | 29206 8 | 0006 B | 50006 B | 0010 B
Nickei 6.656-05 B | 0.177 8 1140E04 B | 0.372 8 | 1.746-04 B 0351 B
| Potasstum 3,76E-03 10.0 7.116-03 16.6 " | e.69E-03 13.4
Salenium 5.02E-06 0.013 1,11E-05 0.024 6.40E-06 0.013
Siiver 2.88E-06 0.008 6,32E-06 0.014 | 4.es€-06: 0.009
Sodium 2.266-03 B 602 B 426803 B | 935 B | 3786-03 B | 756 B
Thattium 5.52E-06 0.015 1.35E-05 0.030 1,256-06 | 0.025 -
Vanadium 2.76E-05 " 0.074 6,57€-05 0.14¢ 4.51E-05 0.091
| Zinc 3.01E-02 80.3 8,366-:02 B [183 B | 553802 B |11 B
(Lo s — e e e =]

i

B8 Indicates that this compouna was detectad in a blank. :
J  Estimated result. Indicatos that resuit is lase than ths quantitation limit. The quantitation limit is defined as five times the detection limit.
< Not detected at or above the detection limit. ‘

t
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dominant compound released in the stack gas |s benzo:c acid at an average
concentration of approximately 4 ppm The occurrence of benzoic acid in the stack
gas is 10 be expected as both toluene (from the diesel oil) and chiorine (from the
hexachlorobenzene) were present in the feed soil. These two compounds, with the
addition of heat, readily form benzoic acid as shown in the basic reaction presented

below:

. 2 :
CBH5CH3 """“"T"> CeHsCCls """""""" > CeHsCOOH ‘;

(Toluene) (Benzotrichloride) ; (Benzoic Acid)

The water and hydroxide required to complete the reaction were provided by the

scrubber.

A group of nitrated .compound-s 'was found in-the stack gas at low levels (< 0.3 ppm).

These compounds were formed because of the high'levels of NO, and tréce quantities

.. of organic compounds in the stack gas interacting with the scrubber liquor spray.

'Other compounds such as the phthalate groups and naphthalene were also present
but were found in the field blanks as well. '

In addition to the target compounds identified by the SW-846 Method 8270 list, the.
next 20 highest peaks from tne chromatograms were investigated for compound
identification and semi-,quantificatiOn. A review of the chromatograms and the -
spectral data showed that some Tentatively identified Compounds (TICs) were present
in the gas stream. The first Demonstration Test yielded a re‘latively clean
chromatogram that was somewhat comparable to the field blank. No .Tl(;s could be
positively identified, but it appeared that some of the -Unknowns confcained oxygen
somewhere in the molecular structure ‘and some of the unknowns vivere nitrogen-

containing compounds.
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Test 2 data appears to be notably dn‘ferent from the Test 1 data The chromatogram
indicated that several higher molecular welght compounds were detected The TIC
data shows that these compounds were umdentlﬁable carbonic acids. It should be
noted that there were no positive ldentlflcatlons made on the specific type of carbonic
amd but the pattern was present in several of the TICs. Carbonic acids are formed
by reacting carbon dioxide with water at high temperature. Thls may suggest that the
torch cooling water leak detected during Test 3 could have deyeloped during Test 2
(see Section 4). Because of this le'ak, Test 3 \lltas aborted early and restarted after the
leak had been repaired. Compounds that eluted in the early stages of the
chromatogram contained nitrogen and oxygen within their molecular structure.

Data from Test 3, collected after the leak was repaired, was very similar to the TIC
information gathered from Test 1. In general, only low levels of semivolatile organic
compounds were identified in the gas strearn. - '

. i ; | |
Very low .levels of volatile organlc compounds were detected in the exhaust gas
stream The most common of these compounds was ‘benzene at an average
concentration of approxnmately 19 ppbv. Benzene and substituted benzenes are
prevalent in many forms throughout diesel o:l and hence benzene is-a readily formed
PIC. Other identified compounds in the stack gas tended to be chiorinated orgariics B
which were not identified in the feed soil at the detectnon limits achieved for the
_testing and therefore can possibly be PICs.

Sampling and analysis for polychlorodibenzodioxins (PCDDs) and
polychlorodibenzofurans (PCDFs) in the exhaust gas stféam Was accomplished during
the Demonstration Tests. The results of these analyses indicated that no PCDDs or
PCDFs were formed in the stack gas. Although some PCDDs and PCDFs were
detected in some of the samples analyzed, the Ievels detected were lower than the |
corresponding blank sample detection limit.f For example, a particular isomer of a
PCDD was detected with 10 picograms of catch; hovllever', the field blank reported
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a'nondetect with a detection limit of 20 picograms of catch. The variation of the
detection limits is a function of the matrix being analyzed and the resolution of the

analytical instruments used to quantify the samples.

Metal emissions (summérized in Table 11) were aimost exclusively in the solid phase. .
Very little of the metals was found in the impingers of the sampiiﬁg trains. The only
signifit;ant vapor phase metals detected were calcium and mgrcury.‘ A very volatile
metal such as me'rcury‘ is expected to be fouhd in the vapor phaée. Aréehic, copper,‘
iron, lead, potassium, and zinc were in abundance in the stack gas in the solid phase.
The copper in the stack gas is suspected to originate from the throat of. the furnace
and the torch electrode as copper was not present in high quantities in the'feed soil.
The presence of iron in the stack gas, at 66 ppm, was a consequence of the high
levels of this element in the feed soil and the need for using a mild steel.doughnut for
start-up purposes. Arsenic, at approximately 6,pprh in the stack gas, and lead, at 4
ppm, were not retained in the treated soil as they are volatile metals (arsenic:
sublimates) and most probably evaporated from the soil while it was be;:ing treated in
 the furnace. Potassium was found in the stack gas because of its high initial levels
in the ‘1Feed soil (see TEST SOIL AND TREATED SLAG, below). The high level of zinc
in the stack gas, at approximately 125 ppm, was a consequence of thé high spiking
level of this' element and the high vblatility of this metal ih the tembérat-ure range
encountered within the furnace. Additionally, the presence of chlorine with the zinc
at this temperature ran'ge rapidly increases ‘thé vdlatility of zinc. In all cases (except
mercdry) the air pollu;cipn control system should have captured the meté[s. As shown

later, the scrubber liquor did not contain high levels of metals after each of the tes_t's.

Based on these results, it appears that not all of the vola-tilé metals are captured in the
molten sbil at the completion of treatment. If this is the case, then these volatile
metals should be captured by thé gas treatment system (assurhing it is correctly'
designed). A percentage of the volatile metals originally found in the soil would
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-appear in the scrubber liquor, therefore, possibly requirihg treatment of the liquor prior-

to disposal.

TEST SOIL AND TREATED SLAG

As stated préviously, the feed soil consisted of a mixture of Silver Bow Creek
Superfund Site soil, which is classified as a high métal-ﬁearing soil, and 10% by
weight No. 2 diesel oil. Into this mixture, 2inc oxide and hexachlorobenzene were
.spiked to provide 28,000 ppm and 1,000 ppm, respectively. (The cor-fespdnding
amount of zinc is 22,500 ppm zinc). Sedtion 3, TEST SOIL, provides additional
information regarding the preparation of the?waste feed. -

:Analysis ofthe feed soil showed that it contéined volafile compounds consistent with
' those assoc:ated with diesel fuel: benzehé, toluene, ethyl benzene, and xYﬂe{ne
(BTEX) These compounds were detected in the quantmes presented i in Table 8. The
sémivolatile compotunds found most ,predommantly in the feed soil were the spiked
hexachlorobenzene and 2-methylnaphthalene (see Table' 8). Other diesel-based
compounds wvere also found in the soil, but at Ievels that could not be accurately
quantxfled by SW-846 Method 8270. Gas chromatography/mass spectrometry
(GC/MS) analysis also indicated the presence of large ‘numbers of TICs. These TICs
are typical of those found in diesel oil and f;onsistéd maihly of compounds of
naphthalehe angi benzene. The metals fouhd most abundantly in the feed soil were

aluminum, calcium, iron, potassium, sodium, and zinc.

Volatile organic analysis was not performed on the. treated soil as no volatile
compounds were considered to exist in the slag after it had reached its melting point
temperature. The only semivolatile organic éompounds found in the treated soil were

low levels ‘of two phthalate compounds which were probably sampling or analytical
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contaminants. This agrees with the TCLP analysis of the slag discussed earlier in

which no semivolatile compounds leached from thé slag.

For the first Demonstration Test, 480 pounds of feed soil was fed to the qurnac.e and
a steel "doughnut” weighing 74.5 pounds was added. As the feed eoil contained
10% organics, which appeared to have been destroyed, a calculafced 506.5 pounds
of slag should have been poured into the collection chamber. The mass of treated soil

collected in the slag chamber was 277 pounds, the remainder being retained within
| the reaction chamber to provide a "skull* for the next test. (A skull: is'a layer of
melted material around | the interior of the primary chamber which reduces the
chamber’s volume and acts as an insulator to protect the refractory.) Therefore, a '
mass balance that ylelds meaningful results cannot be performed on thlS technology
since a portion of material from each test can potentially remain in the reactor at the
end of treatment. Iti is possible, though to compare the concentration of the inorganic
elemenrts in the feed soil with that of the collected slag,” taking into account the
destruction of the 10% organlcs (by weight) and assumlng that none of the elemenlts
are concentrated in the poured slag Table 12 gives the concentratlons of the metals
in feed and in the slag for all three .of the tests. The feed is an average of all feed
samples from the three tests. This table shows that a large percentage of the metals
from the feed soil are retained within the vitrified slag Exceptions to this trend are
generally the volatlle metals: arsenic, lead, mercury, and zinc. These volatile metals |
have been found; as stated earlier, to be exiting. the system through the exhaust
stack. In addmon, some of these metals can be found in the scrubber llquor

To evaluate the fate of the feed soil metals, e comparison can be ﬁwade of the
behavior of a non-volatile metal such as aluminum to that.of a volatile metal such as
zinc. Test 3 provides a good basis for examination since 600 pounds of waste were
fed into the furnace and 595 pounds were poured. The feed soil utilized during Test
3 contained 29.6 pounds of aluminum. A total of 26.0 pounds were detected in the
treated soil. . This represents 88% of the aluminum originallypresent in the feed soil.
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Traces of aluminum (0.00340 pounds tatal) were also detected in the stack gas. A

small increase in the alumlnum concentration from the pre-test scrubber liquor to the

post-test scrubber liquor was also noted. The reminder of the aluminum which has

not been accounted for may be due to sampling and analytical variation.

For zinc, 13.9 pounds were fed to the furnaé:e in the féed soil during Demonstration
Test 3. A total of 5.24 pounds (38%) was rétained in the treated soil. The stack gas
contained 0.332 pounds of zinc. A large portion of the zinc plated out as particulate
matter in the blower and the long exhaust gas duct. Again, sampling and analytical

Table 12. Metals in the Demonstration Test Feed Soil and Treated Soil

o Theated ol <Lt i
vElomun‘t ~Average Feed-Soil "~ ~ A
Appm) Tost 1 Test 2
L - {ppm) {ppm)

— = = = =

“Aluminum 49,400 B8 51,200 : 46,000 43,700

Arsanic 201 12.0. ;J 6.0 11.3 o “
Bagum " 508 523 f 480 453 "
Calcium 12,500 28,800 20,500 18,000 - i
Chromium 23.6 J 500 510 - 617

Copper ” 591 780 1,500 827

lron 36,900 B 160,000 150,000 213,000

Lesd 426 98.3 14 15 120 J
Magnesium 4,650 5,720 k 4,600 4,670

Mangansse 814 1,850 1 ,906 2,570

Mercury 1.00 <0.133 | . <0.133 <0.133

Nickel NA 270 265 287 |
Potassium 19,360 15,500 f 16,000 14,700 “
Sodium 10,200 8,180 B 8,650 7,830 “
Vanadium 773 59.8 | J-- 59.5 so0 4 |
Zine 23,200 6,480 9,050 8,800 - __jl

B (ndicates that this compound was detscted in a blank.

the detsction limit
NA Not Analyzed
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varlatnon may have contributed, in part, to the apparent discrepancy between the zinc

" in the feed soil and the zinc in the treated soil and the stack gas.

The increase in iron concentration can be explained by the initial"presence of the
carbon steel doughnut. The concentrations of chromium and nickel both increase in
- the treated slag because, prior to the Demonstration Tests‘, stainiess steel had ’b'een
lncorporated into the furnace to form part of the skull. The increase in the copper
concentration is probably because of the meltmg of portions of the copper throat
| during treatment. In addition, soil treated priorto the Demonstration Tests,ﬁ and hence

part of the skull, had been high in calcium, manganese, and potassium. -

‘Only the treated soil (not the feed soil) was analyzed for PCDDs and PCDFs. The
levels of PCDDs and PCDFs in the treated soil were very low. However, as described .
earlier for the stack gas emissions, the detection limits for the blank samples 'were
hngher than the levels of PCDDs and PCDFs detected m the samples. It is therefore

reasonable to conclude that no PCDDs or PCDFs were formed by the treathnt_

process, and if any dsoxms/furans were in the feed soil, they were destroyed by the . T

intense heat of the process. -

SCRUBBER L,IQUbR

The pre-test scrubber liquor for each of the three Demonstration Tests contained very .
little in the way of orgénic compounds. A metals scan on the pre-test s‘crubbe'rgliquor
showed that, generally, only low levels of inorganic elements were present. This was
expected since, prior to each test, the scrubber sump -was. flushed »aind fill'ed with

deionized water.

The post-test scrubber liquor did not contain any significant quantiti;es of organic

compounds. Nitrated compounds and phthalates were the only compounds present.
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The nitrated compounds were rmost likely prdduced fror'n the high levels of NO, in the

exhaust gas reacting with the water from the scrubber'and any organic compounds
present. The phthalates and volatile orgamc compounds probably entered the
scrubber sump from the scrubber make-up I:qucr The lack of organic compounds in
the scrubber liquor and, as stated earlier, the absence of volatile or semivolatiles
organic compounds in the exhaust gas, indicates that combustion of the organic

compounds was complete.

The scrubbing unit was very inefficient in tne, capture of the inorganic compounds.
The scrubber did capture some of the volatile metal elements but not at the levels that
would typically be expected from a well-designed system. As stated previously, the
exhaust gas contained a variety of metals that shou!d have been captured by the

scrubbing unit. The types of metals found inﬁthe scrubber liquor were similar to those |

found in the stack gas; that is, arsenic,z iron, and zinc were the elements in

« . . t . . s . .
abundance. High sodium levels found in the liquor were a consequence of the
scrubber make-up (sodium hydroxide). ’ ) |

CONTINUOUS EMISSION MONITORS - l

Throughout each of the three tests, CO; CO,, 0,, NO,, and Total Hydrocarbons {THC)
were monitored continuously to present a real time image of the combustion process
and to ‘determine if regulatory standards were being exceeded. Frgures 4 through 8
present CEM plots for Demonstration Test 3 typical of those generated throughout
the demonstration. SO, was also measured but the data collected was not
considered suitable. High levels of NO in stack gas are known to interfere-with S0,
meters, and the lnterference indicates the- presence of SO, when none is actually

present.
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Since the inst.allatio'n. of the afterburner in the secondary combustion chamber the

level of Total HydrocarbonsAexiting the syétem has been low (<4 ppm) even with at

least 10% orgamcs in the feed sosl This ines a good indication 'tﬁat effective
‘thermal destruction of the orgamc compounds is occurnng Another indication of the B
ability of the process to treat organic contaminated media is the low levels of CO in

the exhaust (approximately 1.4 ppm) and the level of Co, (approxirhately 8%). ()é ;
monitors showed significant variation throughout the treatment procesis as pure ()g

was fed to the primary chamber at approximately 18 scfm while waste was bemg fe-d

to the furnace

_High levels of NO, are a consequence of this process if air is used as the torch gas.
The torch gas passes through the extremely hot arc of the plasma, thus ox:des of
nitrogen are readnly formed. Testing to date, has shown that the average

' concentration of NO, in the stack gas is approximately 5,000 ppm (uncorrected to 7%
O, as explained earlier). The oxygen lance opératéd int‘ermittently‘,rather thaln~

continuously during Tests 1 and 3. During Test 2, however, the oxygen was fed at

a steady rate over the entire treatment time, so the NO, values corrected to 7% Ciz
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maymeasily be calculated, if desired. This correction is not required by RCFiA
regulations because the system operates under oxygen enrichment. The average
uncorrected NO, value during Test 2 was &, 467 ppm the average NO, value corrected
to 7% ,Oz was 8,514 ppm.

The uncorrected average NO, value for testing (5,000 ppm) corresponds t0 an
emission rate of 2.5 Ibs/hr (based on operation 365 days/yr, 24 hrs/day). Federal
requirements state that the NO, emission rate must be less that 9.2 'lbs/hr (40 tons/yr
based on operation 365 days/yr, 24 hrs/day). The PCF does not exceed this 9.2-
Ibs/hr standard, but the concentration in the stack gas is high. The emission rate is
low because of the low flowrate of the exhaust gas (approxumately 110 scfm). This
flowrate is dependent on the size of the torch used. The feed rate of the soil does not
influence the level of NO, in the exhaust assuming the same torch is used for the
different feed rates. This is because the torch uses the same amount of torch gas
regardless of the soil feed rate. If a torch larger than that used in the Demonstration
Tests is'to be employed, then the use of a NO,- reductjon technology should be

i;nvestigated.

FURNACE OPERATION

Since all three Demonstration Tests were designed to be identical in nafure, operating
conditions during the tests were relatively c;qnstant. These operating conditions are
described in detail in Section 4, FIELD OPERATIONS bOCUMENTATION. The feed |
material was identical in each case', a mixture of Silver Bow Creek soil and 10% by
weight No. 2 diesel oil, spiked to provide 28,000 ppm zinc oxide (22,500 ppm zinc)
" and 1,000 ppm hexachlorobenzene. The feed rate fpr each test was 120 lbs/hr.
- Although the mess of material to be fed during each test was anticipated to be 960
pounds, the actual weight of the feed was 480 360, and 600 pounds for Tests 1,
2, and 3, respectively. The corresponding weight of the treated soil generated during
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the tests was 277, 265, and 595 pounds. The difference between the mass fed and
the mass poured during each test can be accounted for by the retention of material
inside the chamber as part of the skull as described earlier in this section. As
demonstrated by these values, the skull was progressively built up throqghout jthe

course of the Demonstration Tests.

Thé torch power ranged from an average of approximately 410 kW during Test 3 to
nearly 460 kW during Tests 1 and 2. The total power consumption of the torch
ranged from 3,308 kWh (Test 1) to 4,720 kWh (Test 3). As anticipated, the total
power consumption for Test 3 was greater than the other two tests becéuse of the
extent of its duration. The torch gas in each case was air with a ﬂbwrate of 23 to 24

scfm.:

The furnace is operated so that a minimum temperature of 2,100°F is achieved in the
primary reaction chamber and a minimum temperature of 1,800°F is reached in the
aﬁefbtu}ner'before feeding of the v(laste is initiate_d. The reactor chamber temperature, |
. once it stabilized, achieved an average value of apprc;ximately 2,250°F. - The
afterburner iemperat'ure averaged around 1,;800°F (slightly higher durin:g‘Te‘st 3) once
the system reached operating range. The off-gas flowrate was maintained at

approximately 110 scfm during all three Demonstration Tests.

The scrubber liquor generated during each of Tests 1 and 2 was close to 150 gallons.
During Test 3, this value was greatly exceeded due to frequent blowdowns of the
scrubber in an attempt to reduce particulate loading on the blower downstream.

Nearly 800 gallons of scrubber liquor were generated during Test 3.

‘The PCF-6 is a high maintenance process that is subject to frequent stoppage because
- of equipment failure. During the first Demonstration Test, a stoppage occurred when
a scrubber sump pump overheated and tripped the system. The test was also
shortened because of particulate build-up in the exhaust blower. This $ame problem
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caused the second Demonstration Test t0 be completed prior to treatment of all the
feed. While warming up the primary chamber for the third bemonstratién Test, the
torch developed a cooling water leak. This Iéd to the furnace being out of operation
for approximately three hours while the Ieak was repanred Experience of operating
the PCE-6 has shown that secondary arcing wrthm the primary chamber is the most
common form of _equrpment breakdown. Torch coohng water leaks result when this
occurs, and the torch ram needs to be welded, plugging these pinhole leaks. With
_respect to preventive maintenance, torch electrode replacement is the most regular
of the procedures that need to be carried out:to ensure uninterrupted operation. The
electrodes must be replaced approximatel\} every 60 to 100 hours of furnace

operation. .

The plasma torch provides a substantial amount of .thermal energy to the . feed,
however, to protect the equipment from beirfg damageid by this heat, cooling circuits
are utilized. For the PCF-G the cboling circuifs that rem;ove the highest percentage of
the heat from the process are the torch cooling crrcurt (31%), the primary chamber
cooling circuit (39%), and the scrubber umt {(10%]). For optimum operatlon of the

furnace, it would be antlcrpated that the majorrty of the heat removed ‘from the .
system would be from the collection chamber and the scrubbnng unit. For the
Demonstratlon Tests, the specific energy consumptron was approximately 8 kWh/ib.
Physical data indicates that, ldeally, a specrfuc energy requrrement for melting soils is
approximately 0.3 kWh/lb. Therefore, there is consnderable room for design and

operational improvement of the PCF system
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SECTION 7

CONCLUSIONS

. A number of conclusions have been drawn based on this SITE Demonstration Test.
These conclusions have been bfieﬂy addressed in the EXECUTIVE SUMMARY (Section

1) and are discussed in detail in this section. '

LEACHABILITY OF THE TREATED SOIL F-CR iNORGANIC COMPOUNDS

The PCF process is designed to encapsulate inorganic compounds in a vitrified slag
and render the treated soil non-leachable. The Tbxicity kCharacteri$tic Leaching
- Procedure (TCLP) was performed on both the .'fe'ed soil and'tl'ie.tre‘ated slag to
determine if the process can effectively_ bind inorganic compounds intb the treated
soil. The feed soil was tested to establish initial values for the leachability of inorganic
and organic compounds. The vitrified slag underwent TCLP to meet testing .
objectives. For inorganics, the feed soil only exhibited significant leachability
characteristics for: calcium (175 mg/L), sodium {1,475 mg/L), an.d the spiked zinc
(982 mg/L). Sodium, was not selected as a tracer cdrﬁpound since it is a weakly
dissociable metal and thus behaves differently from typical metals. Th.e' treated soil
did not show étrong leachability for any metals except sodium which leached at
approximately the same level as in the feed soil. Both tracer metals, calcium and zinc, |

showed signiﬁcavnt reductions in leaching properties as a result of treatment.
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Overall, testing activities demonstrated that the proces§lcan effectively bind inorganic

compounds into the treated soil.

LEACHABILITY OF THE TREATED SOIL FOR ORGANIC COMPOUNDS

The only organic compounds that were found to be leéchable from the feed soil for
the Demonstration Tests were naphthalene and 2-methyinaphthalene. Although the
feed soil was spiked with high levels of hexabhlorobenzene (1,000 ppm), it di‘d not
leach from the soil. No organic compounds were found to leach from the treated slag.

DESTRUCTION AND REMOVAL EFFICIENCY OF TARGET ANALYTES

The Destruction and Removal Efficiency (DRE) is based on the concentration of the
target analyte in the feed soil and the stack Qas., I_=or the Demc,;ns'tration Tests the
mean level of hexachlorobenzene, based on all the féed soil samples for the three
Demonstration Tests, was 972 ppm. The 95% confidence interval for the estimated
‘mean of the hexachlorobenzene spiked into tﬁe feed soil was.864 to 1,080 ppm. No
hexachlorobenzene was detected in the stack gas in any of the three tests, therefore, .
all hexachlorobenzene DREs were determined based on the detection limit from the
* appropriate test. The estimated average DRE for each- of the three Demonstration
Tests,.based on the confidence interval of the feed soil and 6n. the analytical
instruments’ detection limits for the siac?k gas analysis, were >99.9976%,
>99.9991%, and >99.9999%, respectively. | '

The concentration of Z-methylnaphthalene, a semivola?‘tile compound, was found to-
lge’ between 390 and 526 ppm in the feed soil. - Again, none of this compound was
detected in the stack gas for any of the Demonstratioh Tests, leading to estimated
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average'DREs,v based on instrument detection limits, of >99.9906%, >99.9964%
and >99.9996%, for Demonstration Tests 1, 2, and 3, respectively.

Total xylenes, volatile compounds, were found in the feed soil with a 95% confidence
interval of 128 and 139 ppm. Thls led to an estimated average DRE of total xylenes,
for all tests, based on instrument detection limits, of >99 993% The reasonmg for

presenting only one DRE for a volatile compound is glven in Sect:o_n 6.

Overall, the PCF process appears to be very efficient in destroying'bot'h volatile and
semivolatile compounds when both the primary reaction chamber and the afterburner

are operating.

" STACK GAS EMISSIONS

HCL and Particulate Matter Emissions

HCI emissfons were very low forA éll three tests. Measured HCI emission rates for the
Demornistration Tests ranged from 0.0007 to 0.0017 Ibs/hr. The chlorine
concentration in the feed soil for Test 1 was 0.066%. This leads to a HCI removal -
efficiency of 98.5%. The removal efficiency may not be meaningful because of the
Iow chiorine mput However, ) it appears that if the feed contamed a higher

concentratlon of chlorine, then a HCI removal efficiency of 99% could be achieved.

The average particulate emissions to the atmosphere for each of the three
Demonstration Tests was 0.374 grains/dscf. This exceeded the RCRA regulatory limit
of 0.08 grains/dscf [40 CFR (07/01/91 Edition) §264.343(c)]. '
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Small quantities of volatile and semivolatile eornpounds were formed as products of
incomplete combustion (PICs) in the plasma fnrnace. Tne most dominant semivolatile
compound releasued in the stack gas was benzoic acid, at an average concentration
of approximately 4 ppm. The occurrence of benzoic acnd in the stack gas is to be.
expected as .both toluene (from the dlesel oul) and chlorine (from the
hexachlorobenzene) were present in the feed soil. TheSe two compounds, with the
addition of heat, readily form benzoic acid as discussed in Section 6. Low levels of
nitrated compounds were found in the stack gas at low levels (< 0.3 ppm). These
compounds were formed because of the high levels of NO, and trace quantities of
organic compounds in the stack gas mteractmg with the scrubber liquor spray. The
volatile compound found in the greatest abundance in the stack gas was benzene, at
approxnmately 19 ppbv. Benzene and subst;tuted benzenes are prevalent in many -

forms throughout diesel oil in the feed, and hence benzene is a readily for;ned'PIC.

Dioxins/Furans Emissions

‘Szampling and analysis for polychlorodibenzodioxins (PCst) ‘and
polychlorodibenzofurans (PCDFs) in the exhauSt gas stream was accomplished during
the Demonstration Tests. The results of these analyses indicated that no PCDDs or
PCDFs were formed in the stack gas. Although some PCDDs and PCDFs were
detected in some of the samples analyzed, the levels detected were Iower than theb
corresponding blank sample detection limit.

The only significant vapor phase metals detected were calcium and mercury. A very

volatile metal such as mercury is expected to be found in the vapor phase. Arsemc, |
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éoppexr, iron, lead, potassium, and zinc were in abundance in the stack gas in the solid-
phase. Lead, at approximétely 4 ppmevin the stack gas, and arsenic, at 6 ppm, were
not retained in the treated soil as they are volatile metals (arsenic sublimates) and
most probably evaporated from the soil while it was treated in the furnace. Potassium
was found in the stack gas because of its high initial leyels in the feed épil. The high '
level of zinc in the stack gas, at approximately 125 ppm, was a consequence of the
high spiking level of this element and the high volatility of zinc in the temperature
range encountered within the furnace.” With the exception' of mefcury, the air

pollution control system should have captured the metals.
The Demonstration Tests results show that not all of the volatile metals were captured

in the molten soil at the completion of treatment. If this is the case, these volatile

metals should be captured by a correctly designed gas treatment system.

AIR POLLUTION CONTROL SYSTEM"

Particulates Captured by the-Air Pollution Control System

The amount of particulates captured by the air pollution.contrbl system Was extremely
small. This is demonstrated, in part, by the low level of scrubber solids ;iaresent in the
sump. There was Iess_than 0.5% total solids in fhe scrubber surrip tank. - The high
particulate loading during the Dempnétration Tests caused Substantial build-up of.'
' particuléte matter in the exhaust blower downstream of the air pollution‘ control

system.

“The Silver Bow Creek Superfund Site soil was extremely dry and dusty; both before
and after it was mixed with diesel oil. The mixed feed soil was very free-flowing with
no standing liquid. It is possible that the fine particles of this dusty feed may not

have been retained in the primary reaction chamber in the meilted soil and sim;)ly
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passed through both the treatment process‘and the scrubbing unit to the exhaust
blower and stack. A well-designed scrubbing system should be capable of capturing

the particulates.

Organics Captured by the Air Pollution Control System

The pre-test scrubber liquor for each of the tnree Demonstration Tests contained very
little organics. This was expected since, pripr to each test, the scrubber sump was
lﬂushed and filled with deionized water. The post-test scrubber liquor did. not contain
vany significant quantities of organic compounds Only nitrated compounds and
phthalates were present in the scrubber | iquor. The mtrated compounds were most
likely from ‘the high levels of NO in the exhaust gas reactmg with the water from the
scrubber and any organic compounds present. The phthalates and volatile organic
compounds probably entered the scrubber sump from the scrubber make-up liquor or
in the case of phthalates were possibly a laboratory co‘htaminant. The lack of organic
compounds in the scrubber liquor and the absence of volatnle or semivolatile organic
compounds in the exhaust gas, indicates that combustlon of the organic compounds'

‘ was complete.

Inoraanics Captured by the Air Pollution Control System
The scrubbmg unit was very lnefﬁclent in captunng morgamc compounds. Only small
quantities of inorganic compounds, mamly volatile metals, were captured by the
scrubber, and not at-the levels that would be expected from a well- des:gned system.
The metals found in the scrubber liquor were similar to those found in abundance in
the stack ges, that is, arsenic, iron, and znnc. High sodlum levels found in the liquor

were a consequence of the scrubber make-up (sodium hydroxide).




CONTINUOUS EMISSION MONITORS

Throughout e'ach of the Demonstration Tests, CO, CO, O, NO,, and Total
Hydrocarbons (THC) 'were monitored continuously to present a real time, image of the
combustion process and to determine if regulatory standards were being exceeded. .
SO, was also measured but the data coliected was not considered suitable. High
levels of Nd,v in a stack gas are known to in'terfere with SO, meters, and the
interfetrence indicates the presence of SO, when none actually exists. During the '
Demornsfratioh Tests, the THC exiting the system was low (<4 ppm), even with 10%
organics in the feed. The exheust gas contained low levels of CO (approximately 1.4
ppm) and a level of approximately 8% CO,. These levels of THC, CO, and CO,
give a good indication that effective thermal destruction of the' organic eompbunds: is

occurring.

Oxygen monitors showed significant variation throughout the treatment process as
bure O, is fed to the p'r_i'mary chamber at ap}_:roximately 18 scfm while Waste is being
fed to the furnace. High levels of NO, are a consequence of this proeess if air is used
as the torch gas, as it was during the Demonstration Tests. The to'rch gas p_aséee
through the exjremely hot arc of the plasma, thus oxides of nitrogen are readily '
. formed. NO, emission rates during the Demonstration Tests'averaged approximately
5,000 pbm (2.5 Ibs/hr). However, becauee of the low stack gas flowrates (110 scfmj
the total emissions of NO, were below the regulatory requirements of 9.2 Ibs/hr (40
tons/yl'.based on operation 365 days/yr, 24 hrs//day). If a torch larger than that used
in the Demonstration Tests is to be employed, then the use of a NO, reduction

technology should be investigated.
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SYSTEM PERFORMANCE AND RELIABILITY |

The components of the PCF can be brcaked down into two main categories; the
thermal treatment section and the gas elean -up system. The furnace unit
demonstrated that it was entirely capable of processmg the waste feed, however, the
gas clean-up system did not perform up o0 expectatlons In fact very little particulate
matter or organic or inorganic compounds were found in the scrubber sump at the

conclusion of the tests.

The entire system is a high maintenance unit. Dunng the course of the Demonstration
Tests, the exhaust gas blower failed twice (because of the high partuculate loading in
the flue gas), the torch developed a deionized water Ie.ak, and numerous preventive
maintenance activities took place. The on:line factor for the proces's during the

- Demonstration Tests was 70%.

.

- COST OF COMMERCIAL OPERAfI_()N
Several cost scenarios can very the unit cos'é of operat;ion for the furnace. The cost
of operation is strongly dependent on two fectors: tﬁe on-line factor and the feed
rate. The present configuration of the feeder, furnace, and slag coliector aliows an
average feed rate of 120 lbs/hr. However, feed rates of 500 and 1,000 lbs/hr could
be achieved with a few minor furnace modifications. A larger Plasma Centrlfugal
'Fumace is operational in Switzerland that can‘; prdcess contaminated soil ata feed rate
of 2,200 lbs/hr. If the PCF used during the Demonstratioﬁ Tests is operated at a feed
rate of ‘500 Ibs/hr, with an on-line factor of 70% and. a total treatment volume of
2,000 tons, then it is estimated that the cost per ton of this technology is $1,816/ton
of contaminated waste treated. For the ﬂarger-scale PCF, operating at a feed rate of
2,200 Ibs/hr, and the same on-line factor and total tireatment volume, the cost is

I
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SECTION 8

QUALITY ASSURANCE

Quality Assurance (QA) may be defined as a aystem of:activities whose purpose is to
provide to the producer or user of a product or a service with assurance that it meets
defined standards of quality with a stated lavel of confidence. A QA program is a
means of integrating the quality planning, qbality asse‘ssment, quality control (QC),
and quahty improvement efforts of various groups in an organization and to enable
operations to meet userrequirements at an économlc level Included are all actions
taken by personnel, and the documentation of laboratory performance as specnfled in
* the Quality Assurance Project Plan (QAPP). . ‘The QA program is an essential part of
a sound analytical protocol u'sed by individuals and labo'ratories to detect'and correct

problems in a measurement process or to damonstrate statistical ‘control. The |
objective of this quality assurance program is ;*to reduce }neasurament errors to agreed-

upon limits and to produce resuilts of acceptable and known quality.

L

INTRODUCTION

To achieve testing objectives (see Section 1%) and to obtain ‘data of known quality, a
detailed QAPP was prepared for this Demofgstration Test, The QAPP specified the
necessary guidelines to ensure that the mej’asurement system was in control. The

QAPP also detailed information on the proceés measurements as we!i as the analytical
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approach to enéure data of h’igh quality could be obtained to verify vendor claims and
achieve project objectives. Certain key measurements were used to determine the
leachability of the treated soil and the Destruction and Removal Efficienéies (DREs) for .
the organic material. Measurements designated as critical for evaluating leachability
and DREs (prevnously defined as numerical objectives for the demonstratlon) consisted
of sernivolatile organic compounds in the feed soil, semivolatiles in the stack gas,
along with semivolatile and metal TCLP measurements for the treated soil.
Specifically, hexachlorobenzene and zinc wer.e spiked into the feed soil to evaluate
these parameters. In addition to the above critical measurements, othér parameters
which were designated as secondary  critical m.easurements included metals,
semivolatiles, dioxins/furans, particulates, HCl/chlorine, carbon monoxide, for all
matrices and semivolatiles and metals TCLP for the feed soil. Other non-critical
parameters included carbon dioxide, oxygen, nitrogen oxides, sulfur "‘dioxide, total
hydrocarbons, higher heating value, bulk density, moisture, and volumetric flow. Each
‘ofjthe:se measurements, along with their respective QC data is discussed in the
" following sections. )

The QAPP outlines‘several fnbdiﬁcations made to standard analytical méthods. These
modifications were made to allow collected data to be evaluated in terms of project
objecti‘v‘es. Modifications were made to surrogate spike compounds; matrix spike
compounds, and target analyte lists, along with sample preparation methods. These
- deviations are presented in the following sections and discussed in detail later in
Section 8 under "MODIFICATIONS AND DEVIATIONS FROM THE QAPP." During the
Demonstration Test, there were no modifications or deviations made pertaining to the
collection of field data. | T

As part-of the QAPP, audits of both the field and laboratory operations were
performed. The intent of these aud'its was to ensure that measﬁreme’nt techniques
were performed in accordance with the guidance set forth in the QAPP. Results of
these audits are discussed in this seétion under "AUDIT FINDINGS."
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The following sections describe proced ures us;ed to determine the quality and usability

of the measured data obtained for this Demonstration Test.

PROCEDURES DEFINING’ DATA QUALITY C¢NTROL AND USABILITY

To assess the quality. of the data generated for this Demonstratlon Test, two
important data quality indicators are of pnmary concem precision and accuracy.
Precision can be defined as the degree of mutual agreement characteristics of
independent measurements as the result of repeated applications of the process under
specified conditions. Accuracy is the Vdegree‘ of agreement of a measured value with

the true or expected value.

" Precision is measured by matrix spike and sarhple duplieates. In most cases precision
was evaluated by expressing, as a percentage, the di'fference between results of
matrix spike or sample duplicates for a smgle parameter The relative percent

difference (RPD) was calculated as: : v T

Maximum Value - Minimum Value x 100%

RPD =  [(Maximum Value + Minimum Value}/2]

For data sets with greater than two points,f the coefficient of variance (CV) or the
relative standard deviation (RSD) were used to assess precision. The CV (or RSD]) can
be calculated as: ' ' '

Standard Deviation ;. x 100
CV (orRSD) = Mean

- '
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To determine the agreement between a measured value and the true value, accuracy

was measured. Accuracy can be expressed as the relative error (%RE) calculated as:

Measured Value - Theoretical Value _ x 100%
%RE = Theoretical Value '

To de termine the accuracy of several organic and inorganic parameters, known
quantities of analytical and/or surrogate standards were spiked into selected samples.
Equiprent used to provide data for thts project were tested for accuracy through the
analysis of calibration check standards and laboratory control samples. :To determine
the recover.y of these spikes, the following equation was used: ‘
Cu-Cu -
% Recovery of Spike = x 100%
C.a

where: ~ C,; =-analyte concentration in spiked sample

-

C.. = analyte concentration in unspiked sample
: "C“' = enalyte concentration added to sample

During the course of the sample analyses, several samples were spiked to determine
the matrix effect on analyte recoveries. These sampiles were selected at random by

the analytical laboratory performmg the work

Another important aspect of assessing data quality is completeness. Co-mpleteneess
is a measure of the amount of valid data produced from the total effort compared to
the total amount of data originally planned for the project. Specific eompleteness

objectives were delineated in the QAPP for all measurements.
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For this demonstration, the completeniess objectives were met for all analytical-
parameters. Some samples had poor surrc?gate recoveries or other QC indicators
outside QAPP control limits; however, most of these data points are still useable and
are discussed in greater detail in the fo!lowinb sections. There were only a few minor
losses of data due to problems associated with poor quality control indicators. In
addition, minor losses of data were also due to laboratory preparation of samples and

" breakage of sample containers during‘shipm‘ent. Some of the semivolatile feed soil

samples were analyzed two days beyond their specified extract holding times which
presented another possible loss of data. Reviewing the QC information and the data
associated with these samples, however, indicates that these data are still useable for
this Demonstration Test. (Seé discussion later in this section under "SAMPLE
HOLDING TIMES.") o |

To determine if a measurement is valid, i‘t;must‘be reproducible and comparable.
Comparability expresses the extent with whicH one data set can be compared to .
another. To generate c'omparable' resdlts,“{ standard methods, which are widely
accepted, along thh strict analytlcal protocols were used. These methods were
clearly specified in the QAPP and revnewed and approved before data or samples were
collected. Methods that were non-standard, such as the Multiple Metals Train (MMT),
were also cited in the QAPP and the appropfiate analytical protocol were abpended.
This allowed the results generated by tﬁis test fo be .reproducible by other

I
I

investigators using these methods.

Afthough several precautions were taken to Tgenerate data of known quality through
the control of the measurement system, the data must also be representative of true
conditions. Representativeness refers to trje degree with which analytical results
accurately and precisely represent actual cohditions pfesent at locations chosen for
samplé collection. During the devvelopment: of the QAPP and the analysis of the'
samples, great care was taken to ensure ‘tﬁ\a‘t the samples were representative of

actual process conditions. Specific sampling methods are discussed in Section 5.
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Of critical c‘:oncernT was the sampling of the treated soil. " Since the tréated soil was
poured from the furnace as a moiten mass, it was not possible to collect a well-mixed
) grab sample. To obtain a representative sample, the molten mass was allowed to cool
‘and harden intd a monolith. A diamond-tipped drill bit was used to cut 2" cores from
random locations in the monolith. When the cores were removed, they were collected
for homogenization. In the field, the collected cores were smashed with a sledge
hammer bet_ween-cotton cloth to reduce their size. The shattered fragments were
thoroughly mixed and placed into appropriate sample containers for shipment to the
" laboratory. In the laboratory, the sample was further reduced in size by grinding the
fragments in a mechanical mortar and pestle. Once the material was in a poWder-like

form, aliquots were collected for specific analyses.

ANALYTICAL QUALITY CONTROL

Quality control was mea'suredAin each of the analytfcal pai'ameters through the use of

surrogate spikes, matrix spikes, blanks,. and field and laboratory duplicates. Surrogate

spikes are added to the matr‘ices before extraction and provide an indication of the

extraction efficiency. Matrix sp'ikes provide an indication of how well target analytes

can be recovered in sample matrices. Matrix spike and laboratory duplicates provide

information on 'laboratory precisionl. Blanks provide an indication of icontaminaf:ion'
that may have_ been introduced to the samples in the field, during #hipment, and

during Iaboratory preparation. Field duplicates also provide informétipn concerrning

sample representativeness. Good agreemeht among field duplicates indicates that the

"matrix sampled is homogeneous and that representative samples have been collected. -
In. additidn to these QC parameters, criteria was placed-on the analytical laboratory

to ensure that the results were performed using acceptable methodologies as outlined

in the QAPP. For each measured parameter, internal QC procedures were designed

to control and assess the performance of the analyticai system. ﬁ'he following

sections discuss the results of these QC indicators for each analytical parameter.
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Each of the following sections addresses. the accuracy and precision associated with
all measurement parameters. As previously noted, completeness objectives were

satisfied for every parameter.

Volatile organic samples were coliected from ihe feed soil, scrubber liquor before and
after each run, and the scrubber makeup.% In additibn, volatile emissions were
analyzed by the collection of volatile m’ga‘nic sample train (VOST) samples as
discussed in Section 5. Samples of the feed soil were collected from the 5-gallon feed
- pails during the loading of the ‘feeder. Liquid samples were collected from the
scrubber sump by allowing water to purge 'fhe samplés lines. Once the line was
purged, the flow was diverted into standard 40-mL VOA vials. These samples were
analyzed using SW-846 Method 8240 Thls method uses a purge-and-trap analyte .
concentration procedure prior 10 analysus by gas chromatograph/mass spectrometry
(GC/MS). ’

As outlined in the QAPP, each day thé GC/Mé was op‘eréfed, a mass axis calibration
was performed and the spectral fragmentatioﬁ pattern was checked through the use
of bromofluorobenzene (BFB)' The BFB was réquired to pass the criteria specified in
the method. The instrument was callbrated for the target volatiles through the
analysis of standards across five concentration ranges: Each day, this calibration was
checked to ensure that instrument conditions did not change and that the initial
calibration data was valid. Calibrations weré required to pass criteria for system
performance check compounds and calibrationjcheck compounds as specified by SW-
846 Method 8240. Calibrations were verifiéd every 12 hours. All samples were
spiked with internal standard compounds to provide accurate quantitations relative to
the calibration standards. Internal standard recoveries were acceptable for each
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analysis. Each sample was also spiked wrth surrogate standards to momtor the
purging efficiency of the sample Spike data is ‘summarized in the followmg sections.

Feed Soil Volatiles

Volatile organics in the feed soil was designated as a secondary critical parameter' for
this demonstration. Specifically, xylene concentrations were used in the same manner
‘as semivolatiles in the feed soil when determining DREs for evaluating projec:t'
objectives. Due to the high levels of target analytes in the feed soil, the samples were
analyzed using the SW-846 Method 8240 medium level protocol. This entailed
extracting a known quantity of the sample with a known volume of methanol. A
portion of the methanol extract was then analyzed usmg conventional purge-and-trap
procedures. Surrogate recoveries for the feed soil volatile organic samples are
summarlzed in Table 13. As noted in this table, all surrogate recoveries met the

spec:ﬁedl recovery control llmnts

Matnx spikes for the feed soil were not performed because of a mistake made on the
chain of custody records sent to the analytical laboratory. In viewing the results of
" all of the feed soil samples, it can be seen that there is very good. agreement among
these results (see Appendix D). The standard deviation for analyte: concentratlons
were well within QAPP precision specifications. These data were expected to show
good agreement because the feed soil was homogenlzed prior to samphng In
addition, surrogate spike recoveries, as noted above, were within specxfled control
. limits. Therefore, it is believed that the absence of matrix spikes has a limited impact
on data quality and does not adversely affect project oojectlves. '

" Two sets of duplicate samples of the feed soil were collected and analyzed durlng the
first test run. Results of these duplicates are presented in Table 14. Thls table
- summarizes the results of the detected compounds. Compounds that do not appear
on the table were not detected. The feed contained high levels (ppm quantities) of
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Table 13. Volatile Surrogateb Summary Data

Feed Soil
1,2-Dichloroethana-ds 17 78 al| 74) 8o 0 70 - 21
1,4-Bromofiuorobanzene 17 101 4 g2 107 (o} 74 - 121
Toluene-dy 17 97 3| 8| 101 o ) 117
TS e T S e ek — e —————
. Liquors®
T e e e _——-—.‘—T e e
1,2-Dichlorosthane-d, 13 82 5 -‘ 79 96 0 0 78 - 114 —[
1.4-Bromofluorobenzene i3 103 3 99 109 4] 0 86 - 118
Toluene-dg 13 =}:] . 3 96 104 }. © 0 88 - 110

¢ Number of fisld samples and {ield duplicates. (Does not include matrix spikes, blanks, snd recovary checks.)
b {ncludes one scrubber make-up water sample. : ’

i
i
! |
i

) Table 14. Feed Soil Volatile Duplicéte Sample Results (Test 1)

- . Banzene _
1,2-Dichloroethane ° © ] 1,700 J " NC 50
Ethyl Benzene 22,000 - | 23,000 4 50
1* Set Mathyl Ethyl Ketone 1,100 J e NC 50'
’ Methylene Chloride 3,300 JB | 3700 JB 11 50
* 1 Toluene . ' 16—.000 . 17.000 . ] . 50
. Xylenes " |130,000 ﬂ 30,000 K 0 50
Banzene 940 .va 910 J 3 50
Ethyl Benzene ' 24,000 21,000 13 50
2#set | Methylene Chioride 2,000 JB . . NC 50
Toluene 18,000 17,000 6 50
Xylenes 140,000 20,000 15 . 50 J‘

s Indicates that this compound was not detacted.

B Indicates that this compound was detectad in a blank.

J Estimatod Result. Indicates that this compound was detected below the quantitation limits. The quantitation limit is dofined
. as 5 timss the detaction limit.

NC Not calculated. -
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organic compounds that are typical of dies'el'fuels. The feed soil samples show
-excellent agreement between sampléé. The ¢ompounds methylene chloride, 1,2-
dichloroethane, and MEK were detected in one sample but not the others. This was
most likely caused by the introduction of laboratory contamiﬁation or values detected
near the detection limit. As noted in Table 14, RPD values were not calculated for

these parameters.

Field blanks collected for the feed soil for the first two tests were clean with 1thé ‘
exception of low Iévels of methylene chloride. The field blank for Test 3 contained
benzene at 12 wug/kg, chlorobenzene at 19 ug/kg, and some methyiene chiloride.
These low levels have no significant impacts on data quality. A compiete summa\ary

.of the volatile feed soil data is presentéd in Appendix D.

The only yolatil‘e compound uéed for computing DRE were total xylenes bécause of
their high concentration in the feed soil. This is seen in a review of the project
conclusions (see Seétion'?). Xylenes were well within precisioh objectives as shown )
in Table 14 and because all surrogates were within specified abje‘c,»tives for all
samples, only data of kndwn and sufficient quality were used for evaluating this

conclusion in relation to stated project objectives.
Voiatile Scrubber Water Samples

Scrubber water samples (a secondary critical measurement) were collected and
analyzed per the procedures outlined in the QAPP with no modifications. Results of

these samples indicated little or no significant volatile compounds were detected.

Scrubber samples were spiked with surrogate standards before analysis. These
results are also presentéd in Table 13. For the scrubber liquor samples, all surrogates

were recovered within the control limits.
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As with the feed soil, matrix spikes were not performed in this matrbt because of an
error on the chain of custody records. Matrix spikes for these samples would have
been of limited use s:nce there were no significant levels of volatile target compounds
found in these samples. Matrix spikes would have indicated potential recovery
problems associated with spec:fuc target analytes, however, surrogate spikes showed
reasonable recoveries indicating no recovery problems for general chemical compound
classification. The absence of matrix spikes is therefore not believed to adversely
affect the quality of data for these samples. In addition, no critical pro;ect conclusions
were based upon data from scrubber samples. Spec:ﬁcally, scrubber water data were
only used in supporting emission data for evaluation of the emission control system.
Duplicate samples of the scrubber;/vater were collected and analyzed before and after
each Demonstration Test. These data are presented in Table 15. The scrubber water
samples are also in good agreement for the ‘eorhoounds that were detected. - In

general these samples were very clean with little or no target analytes detected

There are some variations that vield high RPD values for methylene chloride.
Methylene chloride has "also been |dentn‘|ed as a Iaboratory contaminant which

probably attributed to the poor precision of this compound in these samples.

: The field blank collected for the scrubber liquor contained low levels of toluene, MEK,
and methylene chloride. A sample of the scrubber make«-up was collected and
analyzed in the unlikely event that unexplained volatnle results ‘were obtained in the
scrubber. No target compounds were detected except MEK at 44 ug/L, methylene
chloride at 1.6 #g/L, and toluene at 1.6 Hg/L. These results have no impact on
scrubber volatile data quality. ‘

Volatile Organic Sampling Train Gas Samples

Samples of the gas stream were collected using the volatlle organic sampling tram
(VOST) to determine the types and quantity of volatile organic emissions generated
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Table 15. Scrubber Water Volatile Duplicate Sample Results

® Indicates that this compound was not detected.

B Indicates that this compound was detected in a blank.
J Estimated Result. indicates that this compound was detected below the quantitation limit. The quanmauon limit is defined

and 5 times the detection limit.

NC Not calcuiated.
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Test 1
| PRE-TEST |
Chiorobenzene . 3.4 J NC 30
Methyl Ethyl Keton; 31 J 33 J 6 F 30
Moethyiene Chioside 1.8 JB 20 B 167 30
POST-TEST ' )
Mothvleme Chloride 44 B8 - 16 B 93 30 —
Test 2 o
PRE-TEST : ?
Methyl Ethyl Ketone 1600 1800 J 12 30
Moethylene Chioride 1.1 JB 14 JB 171 30
Xylenes 16 4 . " NC 30
POST-TEST . |
Methyl Ethyl Ketone 200 260 ) 26 30
Methylene Chlo-ri_de 3 15 ) B 54 . B 94 30
Test 3 | _ ]
PRE-TEST :
Methylane Chioride 22 8 ' 6.2 B 112 30
POST-TEST |
Benzenn 088 J 0.88 J -3 30 A
cniorofpm 24 J 2.3 o 4 30
Dibr;am4:rﬁathane ® 0.78 J NC | 30
Mothyl Ethyl Ketons 1.3 J . NC 30
" Methylone Chioride '26 J 22 J 17 30
Toluene 051 J 0.63 J | 21 30




during the Demonstration Tests. These data afe considered as secondary critical
measurements used primarily for evaluating emission levels and to determine if PICs
were being formed. Total xylenes, as previously noted, were ‘used in determining
DREs as stated in the conclusions and these data were considered critical. VOST
samples were collected under the guidance of SW-846 Method 0010. For each of the
Demonstratron Tests, several VOST samples were collected The normal sampling
procedure calls for the collection of 20 L of sample to be collected for each Tenax®
pair. To ensure that the samples did not become overwhelmed and saturate the resin,
several pairs were collected at various sample volumes (see Section 5) during each
Demonstration Test In addition, before the melt was poured into the pig, a fresh set
of Tenax® traps was installed to measure any sudden release of volatile contaminants
during the pouring process. When these samples were returned to the laboratory,
they were analyzed in accordance with Methods 5041 and 8240. Similar procedures,
were used to calibrate and tune the mass speotrometer for VOST analysis. Calibration
of the instrument was pe‘rformed by using a flash volatilization technique. Here,
standards were loaded onto a ‘clean set’ of Tenax® traps per Method 5041
) specrfrcatrons. These standards were then desorbed and analyzed using the same

procedures employed while analyzing samples

Surrogate recoveries for VOST analyses are summarized in Table 16. As noted in thls
table, there were some poor surrogate recoveries that were not within specified
control limits. It is not possible to re-run.VOST sa’mples once they have been
desorbed from their Tenax® cartridges. In revi:ewing the raw data, it can be noted that
several of the poor recoveries occurred for Test 3. Thls could have been caused by
chromatographic interference. Sample SAlp-390, 1Q-L duplicate, had very poor
recovery for all of the surrogates. This. would indicate-a potential problem with this
sample. Some samples contained two surrogates that were not within the control
limits. Data from these samples may be ln question due to poor desorption or
analytical interference. Samples that contain one surrogate out of the control
window have not been significantly affected. Although some surrogates were not

!
i
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Table 16. Surrogate Recoveries for VOST Analyses

1,2-Bromofluorobenzene 24 71 47 4 138 8 0 Sb - 150
1,2-Dichloroethane-d, 24 75 - 24 6 - 107 2 .0 50 - 150 -
Toluens-dg® 23 80 -1 3 300 4 1 - 50 - 150

: — -

° Number of field samples and field duplicates. (Does not include matrix spikes, blanks, and recovery chocks ]
b Rgcovery of tolusne-d, was not ealculablo in one of the VOST samples due to interferances.

recovered well in some of the VOST tubes, it does not appear that this seriously
affects VOST data quality because the quantities detected in the VOST samples do

not contribute significantly to process emissions. :

" One set of method spikes (MS'and MSD) was performed for the VOST analyses. This
was done by splkmg a blank VOST tube and then performmg the analysns as specified
by Method 5041 These results are summarlzed in Table 17. Accuracy and precision
objectlves were not specnfled in the QAPP for these samples, however the results
indicate the precision for this matrix was acceptable for each- comppund except
toluene which had e RPD of 38 percent. Accuracy was acceptable forgthese spikes
with the exception of hlgh recoveries for benzene (about 135 percent) and Icywv

.chlorobenzene recoveries (60 and 51 percent)

Table 17. VOST Method Spike Results

Benzens _ v - 138 ) . ° ‘i33 . : 4
Chlorobenzene ] ' | 60 | o 51' | » 16
1,i-Dichloroethenc ' | | 103 ' 98 5
Toluene 117 . 80 o 38
Trichioroethene 109 | 111 ; 2
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Duplicate VOST samples were collected during Test 3. This was accomplished by
installing a second VOST into the exhaust ddct. Samples were collected throughout
the duration of the test. The analytical results of these duplicates are presented in
Table 18. A total of six duplicate pairs were collected for this-run. No specific
control hmnts for precision were placed in the QAPP for the VOST duplicates. The
prec:s:on for most compounds exceeded the generally accepted guidance of 30
percent RPD. Benzene appeared to have higher RPD values than most other
compounds. Specific reasons for this discrepancy are not clear. | Values for methylene
chloride also exhibit high RPDs in‘ some samples which were most likely due to
faboratory contamination. Although there was high variability associated with these
duplicate results, it does not appear that this seriously affected VOST data quality
because the quantities detected in the VOST samples did not contribute significantly
to process emissions as noted by the project conclusions. If, in the worst case, the
VOST values are off by a factor of 2, volatile emissions would still be considered
irrelevant and would not impact prolect objectlves In addition, no xylenes were.
detected in the stack gas and therefore DRE calculations are not affected -

Field blanks were collected on each run day.- Field blanks (FB) Were clean with the
exception of low levels of methy'llene chloride detec.ted in the FB for Test 3. Eight mg
of 1,1, 1-trichloroethane were detected in the Test 2 FB. Trip blanks were analyzed
for Test 1 and Test 2. No detectable lei/elje of volatile contaminants were fodnd in
these samples. These blank results did not have any significant impact on data
quality. A ccmplete presentation of all of the VOST data is presented in Appendix C.

For two 10-L primary and duplicate samples (SAIC-0391 and SAIC-0392) and a 20-L
primary sample (SAIC-01 30), only the Tenax®/charcoal tubes were analyzed because
the front-half cartridges broke during shipment. The back half cartrldge is used if hngh
levels are encountered and breakthrough occurs in the first Tenax® tube. Since very

few compounds were detected at significant levels in any of the other samples, and

a total of 30 samples split-among the 3 tests were analyzed, loss of data is expected




Benzene 3.36 2.48 30
Chloroform 0.23 0.26 12
1™ Pair Methylene Chloride . 0.35 NC
Toluene 0.52 * NC.
- 1,11 -Trichlotoetﬁaﬁe 0.20 0.17 16
e e—— —————————
- Benzens 4.91 9.86 67
.Chlor&form ) 3.11 4.01 ) 25 L
2™ Pair >Mvethyler;;‘vc_h|oride 0.24 0.33; ' 32
Toluene . 0.70. Ne
1,1,1-Trichloroethane 0.12 011 9
P ————
Benzene 9.94 7.59, 27
Chloroform 1.04 . 0.70 : 39
Methylene Chioride . 0.38 NC
3 Pair ;
Toluene . 1.32° NC
1,1,1-Trichioroethane . - 0,23 0.22 4
‘ _ Vinyi Chloride 3.13 . NC
o Benzeno . 4.05 36.47 . 160
| Chloroform 2.731 B 6.26 ' 77
Ethyl Benzene @ 1.14 ric
Methylene Chioride " 1.09 052 7
4% Pair Tetrachloroetheﬁe . . 0.28 NC
Toluene o.éo 6.84 . 173
1v,1,1-Trichlomethane 6.39 5.22 l 56
Trichlorosthens . 0.36 K NC
Xylenes . 1.28 NC 1
- {Continued)
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Table 18. (Continued)

Benzené . 25.44 37.39 38
Carbon Tetrachloride ‘ e ) 0.32 NC
Chloroform : 8.50 9.48 N

5™ Pair .
Methylene Chloride . 1.02 2.97 o8
Toluene L 3.09 2.99 3
H' 1,1,1-Trichlorosthane : " 0.51 0.44 15
| Benzens 116.31 23.88 133
Chiloroform 6.43 3.93 48

6" Pair - )
Methylene Chloride _ 3.57 7.49 71
Toluene ﬁ 6.97 491 | as

* . Indicates that this compound was not detected.
NG - Not calculated

to be minimal even though these 3 samples were not analyzed. Loss of these three

sami)les does not impact prb]ect completeness objectives.
Volatile Organic Gas Canister Samples

As back-up stack gas sample for volatile orgahics, gas canister samples were collected
in the event that the VOST tubes became saturated. These canisters were collected
in accordance with EPA Compendium Method TO-14. There were very few .
compounds that exceeded the instrument calibration during the VOST analyses
(benzene and chloromethane in two samplés). Noné of the detected compounds
saturated the GC/MS detector. A pr'eliminary review of the VOST data indicated that
{he analysis of canisters was not required and therefore, as stated in the QAPP these

analyses were not performed.
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Semivolatile Organics

Semivolatile organic samples were collected from several locations for each of the
Derﬁonstration Tests. The semivolatile analyses for the feed soil and the stack gas
'were designated as critical parameters for this demonstration and were used to
determine DREs. All other matrices were secondary critical n‘?easurements._
Semivolatile samples were sollected for the feed soil, treated soil, scrubber liquor
before and after each test, the scrubber make-up, and the stack gas. Below is a
discussion of each of these analyses.

Feed .>oul Semivolatiles

-Samples of the feed soil were collected from each 5-gallon pail that was fed to the
| unit del;ing each of the Demonstration Tests. A small hetal SCOOp was used to collect
approximately 100 g of soil from several locations wnthm each of the 5- gallon pails.
This sample was placed into a glass jar for composmng After the addmon of each
scoop, the jar was agitated by hand to facilitate mixing. At the end of the
Demonstratlon Tests, appropnate portlons of the composxte sample were sent to the
. laboratory for semxvolatlle analyses To ensure that a rep_resentatlve sample was
studied, 60 grams of the composite sample was extracted using SW-846 Method
3550. Since the samples contained high levels of diesel and ’hexachloroben'zene,
special care was required to bring the target analytes to within the detectlon limits of
the instrument without exceeding the - calibration range. Sample extracts were

"cleaned” to remove possible interferences- of the diesel fuel by gel permeation
chromcltography (GPC) and neutral alumina prior to analysis. Because of the high
levels of target compounds in the samples, surrogate spiking was performed at similar
levels with three surrogate compounds: 2-ﬂdorobiphenyl, methylnaphthalene-'d,o, and
nitrobenzene-ds. These surrogates Were select‘ed because of their chemical similarities
to the compounds of interest in the feed. In addition, consideration as to the amount

of spike needed and the high concentration reqhired, was also a factor in selecting
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these project specific surrogates. The usual SW-846 Method 8270 surrogates added
at typical concentrations would not satisfy project QC objectives. Inclusion of these

three surrogates was approved prior 10 the demonstration.

Following extraction, the extracts were analyzed in acc;ordance with SW-846 Method

8270. Hexachlorobenzene was not recovered in the sémples after the neutral alumina
clean-up. The fraction of the extract that was run ‘through GPC, but not neutral
alumina, did give good recoveries of hexachlorobenzen‘e; Hence only this fraction was

used to provide all semivolatile results for this study.

Each day samples were analyzed, the mass spectrometer was mass axis calibrated
using PFTBA. Following this, DETPP was analyzed to check the spectral
fragmentation patterns of the GC/MS. The ,spec':tu‘um: generated was required to pass

the ion abundance criteria presented in the O.APP'befdr.e sample analyses could begin.

The mass spectrometer was then calibrated with a multipoint calibration curve for

each of the target compounds specified in the QAPP criteria. This calibration curve

was required to pass minimum response factor criteria for the SPC compounds and

stability criteria for the CCC. For this demonstratioh, hexachlorobenzene was added
; e

to the routine list of CCCs. This would help ensure:a stable response for this critical
compound. Every 12 hours the mass spectromeﬁer's calibration was checked by
analyzing a single standard and comparing the response to that of the multipoint
calibration curve. The instrument also was required 10 paés the DFTPP tuning criteria.
Each sample was spiked wifh internal sta’ndférds for quantitatibn of ;arget-compouhds.
internal standard recoveries were monitored and' were required' to remain within

established laboratory control limits.

Surrogate results for the feed soil samples are presented in Table 19. It may be noted

‘by reviewing this table that the surrogate recoveries for these samples are generally '

good. Feed sample 2, Test 3, exhibited high recoveries for all three surrogates. The

average recovery for these surrogates was 150 percent.. In viewing the raw data, it
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Table 19. Semivoiatile Feed Sampie Sunogate Recoveries

2Fuorobighanyl 15 Y 7 70 165 o 1 2 16
57 1 ° 1 50 150
1-Metiwiruphtheiens-dyg i L B 50
' 1
Viwobarrene-ds ] e 2% » 135 ° ] » 20
© Nuxber of toutine Giekd end Geid dupliceres, met & blenks, mawix spiec, and secevery cheoks.

appears that the 'quantitations are about 1.5 times higher than the average of the
other feed samples. These data, therefore, were not used for thé calculation of DREs.
It appears that the incorrect amount of internal standard was added to this extract
causing mis-quantitation of detected compounds. No other limitations for these data

are indicated by these surrogate recoveries.

Because of thé high ‘levels of hexachlorobenzene and diesel fuel 0il in the feed
samples, it was not possible to perform a matrix spike using normal procedures -
outlined in SW-846 Method 8270.’ It-was not feasible to spike all of the matrix spike
compounds at levels high enough to be detected after diluting the extract. Since
hexachlorobenzene was one>of the semivolatile compoundsr designated as critical in
the QAPP for these Demonstration Tests, it was 'spikéd {at 1,000 pp‘r:n) into Silver
| Bow Creek tailiné soil that was previously mixed with No. 2 diesel oil arjd spiked-with
zinc oxide but no hexachlorobenzene. The matrix spike resuilts for the feed soil are
presented in Table 20. As noted by the data presented in this table, the results of

t

Table 20. Feed Soil Matrix Spike Results.(Test 1) ;

I SAIC-159/160 MS Hexachlorobenzene 123 116 120 5.9 Det. - 15§ 50 __l
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these spikes are satisfactory. In addition 10 matrix and surrogate spikes, 8 single
sample was to be extracted twice to obtain extraction efficiency information on this
matrix. For the target analytes, this double extraction was proposed because of the
highly complex matnx and because only hexachlorobenzene could feasibly be spiked
into the feed soil. While this procedure was performed by the laboratory, both
- extracts were inadvertently combined and run as.a single sample rather than analyzed
separately. However, because most of the hexachlorobenzene spike was recovered
in the feed samples, and bec.ause all samples had similar levels of hexachlorobenzene
with very little difference in concentration, the lack of these additional extraction

results has not greatly impacted data quality.

Replicate samples were collected during eacn test run. For each test, the QAPP
specified that three primary and two duplicate samples be coliected. Since the same
feed stock of material was used for each test, and each sample was an aliquot of the
'feed‘comgosite, it was not possible to distinguish between a specific primary and
duplicate sample. Selecting a primary and a random duplicate sample from a specific
run could bias precision and accuracy informati@n. Results for the feed soil samples
are presented in Table 21. Data presented in this table.is evaluated two ways. The
first part presents test-specific information pertaining to each of the five aliquots from
the composite feed sample for each test. The summary information provides an
evaluation of the statistics of all three Demonstration Tests. These resulis indicate
good agreement among the detected compounds This indicates that the soil was
well-mixed and homogeneous samples were coliected |

Field blanks collected on each run day were clean. The results from the laboratory
extraction blanks were also clean. Data quality was - -therefore not impacted by
contamination introduced in the field or the laboratory for these samples. A (:omplete

presentation of these sample results is presented in Appendlx D.
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Table 21. Duplicate Semivolatile Feed Sample Results

Acenaphthene . . . 1 6 J . . NC | NC NC
Dibenzofuran * . « . 13 J NC NC NC
Fluorene | * " 36 J ot 37 J NC NC NC
Hoxachlorobenzene |850 7s0 - | 990 900 900" 878 | s88- 1.14
2-Methyinaphthslene v470 v 480 440. 380 1 440 442 | 39 8.82
Naphthalene B 140 , 120'__ 130 110 {130 126 | 11 9.05
Phenarthrene 60 J 60 J 65 J 85 J e 4 | 6o .4 5.89 |
o ‘ Test 2 . _ )
Dibenzofuran | - « | 5|2 4| - NC | NC NC
Fluorane . | s . 3 J 3s J . ne | e NC
Hexachlorobenzene 1100 1000 - 950 1 950 800 960 | 108 11.29
2-Methyinaphthalene 420 400 420 400 R 402 | 20 5.10
Naphthalene 140 140 | re0 130 120 1138 | 15 10.75
Phonanthrens _ *| 80 _J 60y | s J |70 J|eo s | s3] s 9.78
" Test 3 . ' . v J
Acenaphthene '17 T . * ° .o NC |: NC NC ﬁ
Anthracene . 97 4 . R . 1 ne | ne NC
Dibenzofuran . 16 J ’ A 18 J .16 J 12 J 15 L2 ‘12.83
Fivorene 43 J oe 45 J 46 J 30 J a1 | 7 18.14
Hexachlorobenzene | 980 ae 1100 830 780 948 | 133 13.98
b -z-Methvanphmale_ne 490 _ e 310 550 - 430 _ | 445 | 102 23.03
| Néphth;alené B o sa 180 170 | 130 | 1es | 22 | 13.65
Phenanthrene ‘ B r ‘13.46
Hexachlorobenzene | 927 : 107 © ns7 .
2-Methyinaphthalene. | 429 B 59 ) 13.69
Naphthaiene I 141 e | ) T 1843
Phenamzhr‘eno‘ ] 63 v 6 o 9.66 |
indicates that this compound was not detected. ’ o

** Sample results not used because of high surrogate recoveries as noted previously. i
Indicates that this compound was detected in a blank. : ’
Estimated Result. Indicates that this compound was detected below the quantitation fimit. The quantitation limit is defined
as 5 times the detection limit. :
NC Not calculated.

- mw
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Semivolatile Treated Soil -

Once the niolten mass had cooled, samples of the treated soil were collected for
semivolatile analyses. Samplés were obtairied by using a drill core as described in
Section 5 and earlier in this section. These fsamples'Were sent to the laboratory for
further size reduction and extraction using SW-846 Method 3540. In addition to the
core samples, water used to cool the drill bit was sampled and analilzed with the
treated soil samples. These cooling water samples were collected to measure any
losses of semivolatile organic material due to the. dnl!mg These liguid samples were
extracted using SW-846 Method 3520. Np modifications were required to either
extraction procedure because it was anticip?ted that these sarhbles wouid contain
little or no semivolatile organic material. Eéch sample was spiked with the normal
surrogates required for SW-846 Method 8270. All of the samplés were analyzed
using SW-846 Method 8270. The quality control procedures; tuning, calibration, etc,
utilized for these extracts are described later in this section.

Table 22 presents the surrogate results for these samples. Included in this tablé are
the surrogate results of the cooling water samples. The results of the surfoéates are
excellent. All-of the recoveries are within tlf1e speci'fied limits with the exception of

Tabie 22. Semivolatile Treated Soil Surrogate Recoveries

2-Fluorebiphenyl 8 80 ] 80 98 0 0 30 - 115
2-Fluorophenol 8 89 7 73 sa| o o | 28 - 2
2,4,6-Tribromophenol 8 94 " g 85| 108| o o |19 -- 122
Nitrobenzeno-ds 8 8s 6 77 eg| o o |23 - ‘120 |
Phenol-dg 8 91 8 75 97] o o | 24 - 113 “
Terphenyl-d** 8 103 15 77| 1z o 1 18 - 137 J

* Number of routine fisld samples and field duplicates, not including blanks, matrix spikes, and recovery checks.

i
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one high recovery of terphenyl-d,, (188%) in the coolmg water sample that was
collected before the water was subjected to dnllmg

Results of the matrix spikes performed on the treated soil are presented in Table 23.
As indicated by these results, there does not appear to be a recovery problem

associated with this matrix.

Table 23. Semivolatile Treated Soil Matrix Spikes

SAIC-0220 MS | 1,2,4-Trichlorobenzene 97 103| 100| 60| 38107 | 23
|l saic-0220 ms 1v,4—Dichlorobenzene 82 83 » 83 1.2 28-104 | 27

SAIC-0220 MS | 2-Chiorophenol 99 84| 97| s2| 25102 || 'm0
SAIC-0220 MS | 2.4-Dinitrotoluens o8| 93| e6| s2| - 2888 | a7
SAIC-0220 MS | 4-Chioro-3-methylphenol 101 |- .8 | 94| 160 26103 | 33
SAIC-0220 MS | 4-Nitrophenol 78| s2| ss| 1es| 11114 | e0
SAIC-0220 MS | Acenaphthene 88 o3| 91| ss| 31137 | 19

. SAIC-0220 MS N-Nitrosodipropylaming ) 89 | 76 83.| . 15.8 41-126 ¢ .38
SAIC-0220 MS | Pentachiorophenol 84 9a| 91| 154 179100 || a7 )
SAIC-0220 MS | Phenol | 87| - 84| 8| 35| 2600 | 35 .

| S4IC-0220 MS | Pyrene 101 112 | 107 ] 103 | 35142 | 36

[ saic-0221 ms 1,2,4-Trichlorobenzene 94| 8| 90 10.1 38107 || 23
SAIC-0221 MS | 1,4-Dichlorobenzene 82 70| 76| 158 | 28104 || 27
SAIC-0221 MS | 2-Chioraphenol | o6 ga| 90| 133 | 25102 | 0
SAIC-0221 MS | 2,4-Dinitrotoluene 107 105 | 106| 19| 288 | a7
SAIC-0221 MS | 4-Chloro-3-methyiphenol 98 9| 99| 10| 26103 | 33
SAIC-0221 MS | 4-Nitrophenol 84 20| 87| .69 | 11-114 50
SAIC-0221 MS | Acenaphthene 80 89| 90| 11| sz | 1
SAIC-0221 MS | N-Nitrosodipropyiamine 86 ss| 87| 23] 41126 || 2
SAIC-0221 MS | Pentachiorophenol 85 87| 8| 23| 171100 | a7
SAIC-0221 MS | Phenol ss| 79| sa| 108.| 2890 |. as
SAIC-0221 MS | Pyrene 100 104 | 102 | 3.9 | 35142 36
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Duplicate samples were collected and analyzed for each test run. Duplicate results
for the semivolatile treated soil samples are oot presented here because there were
no detectable levels of semivolatile target icompounds present in the primary or
duplicate samples. There were some low ler/el phtbalate compounds detected, but
they v;/ere qualified as laboratory blank contaminants. The core water samples also
had some low level phthalate contamination which were 'suspected to be from
laboratory contamination with no other target compounds detected The core water
samples indicate that there was no loss of semlvolatrle target compounds during the

drilling process.
Semivolatile Scrubber Water Samples

Samples of the scrubber water vvere collected before and after each Demonstration
Test. These samples were collected to evaluate any accumulation of semivolatiles in
the scrubber liquor and were considered secondary critical measurements These
samples were, collected from a tap in the scrubber sump usmg prescribed procedure.,
These samples were extracted using SW-846 Method 3520. The extracts were

analyzed under instrument conditions outllned later in this section.

Pre-demonstration testing indicated that the generally accepted surrogates for SW-846
Method 8270 were not recovered properly iin the scrubber liquor samples. It was
postulated that high levels of NO, in the exhaust ‘gas was nitrating the acid
surrogates, resulting in poor recoveries of the acid spike compounds. To compensate
for these poor recoveries, three additional acid surrogates were selected for spiking
in this matrix and in the MMS5 resin_ samples: '3C-pentachlorophenol,: 2,4-
dinitrophenol-d,, and 4,G-dinitro-z-methylpheool-dz.'_These compounds were selected
and pre-approved because they exhibited satisfactory recoveries in pre-demonstration
test activities and because they were highly substituted phenolic com'pounds which
were less subject to nitration. Recovery criteria that was placed on these compounds
are based on the non-labeled analogs recovery criteria presented in SW-846 Method
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8270. The surrogate recoveries are presented in Table 24 for thé scrubber water
semivolatile samples. It should be noted that the soil matrix originally proposed for
this demonstration contained significant quantities of pentachloropheno:l, anticipating
the use of this compound for determining DREs. Because a different soil matrix was
ultimately chosen, and the primary compound of interest was hexachlorobenzene, acid

surrogate recoveries were consequently less important.

Reviewing the data presented in this table indicates that the base/neutral surrogates
were recovered very well from this matrix. These were critical for project conclusions
when evaluating DREs for hexaohlorobenzene and 2—Methylnaohthalene. Recoveries
for the base/neutral surrogates that were outside control limits exceeded the recovery
range. There is, however, a wide scatter of resuits for the acrd surrogates. ‘As
antncrpated the routine 8270 surrogates were not recovered well in thrs matrix, with
the exception of 2,4, 6-tr|bromophenol The most probable reason for thrs is that the
large bromme atoms prevent the NO, from attacking the phenohc ring of this

molecule. _Other acid surrogates showed marglnal to good recoverles. Recovery

Table 24. Scrubber Water Semivolatile Surrogate Recoveries

2-Fluorobiphenyl ) o 12 . 74 14 52 95 0 43 - 116
2-Fuoiophenol | 12 16| 20| of ss| 10 ol 21 . 100
2,4-Dinitrophenoi-d, o 12 120 70 0 223 3 2 D - 191
2,4,6-Tribromophenol 12 38 37 0 1 63 3 0 1 O - 123
4,6-Dinitro-2-msthyiphénol-d, 12 » 85| 41 ol 117 2 o D - 181
“C-Pemuchloropﬁono] ] 12 56 35 0 95 4 0 47 - 176
Nitrobénizene-dS o - 12 81 7 i5 75 | 1'30 o] 1 35 . - 114
Phenol-d, ’ 12 ] 42 28 7 0| §4 10 o L 94
Terphenyl-d,, 12 110 20 » 92 185 6 1 33 - 141

* Number of routine field samples and field duplicates, not including blanks, matrix spikes, and recovery checks.
D- Detected
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check samples and method blanks indicated ;satisfac;ofy recoveries of the special acid
surrogates and the normal acid surrogates. " These results indicate that acid
compounds may not have been éccurately;quantitated or detected in the scrubber
water matrix. The scrubber sump is maintajned at a high pH with sodium hydroxide
to neutralize acid gas'es. The results indicaie that thé scrubber solution, along with
the NO2 gases produced by the process, have an impact on acid compounds. As
mdncated by the results there were very ffew detectable SW-846 Method 82‘70
compounds found in the scrubber water samples and these data were not used when
evaluating critical project conclusions. As with volatile data from the scrubber liquor
these data were used in conjunction with erhi&sioh data to evaluate emission system

efficiency.

Matrix spikes were net performed on this matrix because an insufficient amount qf
sample was sent to the Iabora:tory. This has limited im'pact on data quality since most
of these samples contained no significant levels of semivolatile compounds and were
not used in calculating DREs to satifsfs} the project object_ives., .

Duplicate samples were ‘collectedhfor each Demonstrétion Test at thevbeginning and
end of each run. Table 25 sumrnarizes the fesulﬁcs of the duplica;ces.' For the pre-test
samples, there were very few compounds detected. Most of the values were flagged
with a "J" qualifier indicating that they are estimated values below the quantitation
limit. Because values were detected below tﬁe standard laboratory quantitation lirnits,
agreement among duplicates should not be expected to meet QAPP specifications.
However, there is good agreement between some of the detected quahtities as
indicated by the RPD values. ' | | -

The duplicate sample for Test 1 (SAIC #1 06)‘ was lost during the laboratory extraction
procedure Since there were no significant quantmes of target compounds detected
in the post-test samples, the loss of this sampie has no impact on data quality. As
with the pre-test samples, the post-test samples contained very few target
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compounds. Most of these values were also flagged with tt;e J" quali:fier' indicating
' that these values are estimated. - Althougb some nitrophenolic compounds were
detected in one of the two duplicate'samples, this does not appear to t?e a matter of
concern because they do not impact project objecti\}és.’ Since these quantities are
close to the detection limits, it is not surprising that they appear in one sample and

not the other.

Table 25. Scrubber Water Semivolatile Duplicate Results

» ) Test 1 ‘ : _ _]
POST.TEST ' B A -
bis(2-Ethyihexyliphthalate | 28 2.3J 12 30
Nitrobenzene T 9.3 6.0 43 . 30
2-Nitrophenol . : ' .o 5.9J NC B 30

Test 2 __L

PRE-TEST , e .
bis(2-Ethyihexyllphthalate 1.8J : 3.0J 50 - 30
2-Methyinaphthalene ‘ 2.0J 2.0J ‘o . - 30
Naphthalens ' ' 3.04 3.2J 6 30
POST-TEST v | o R ‘ |
4~Aminobiph§nyl : ° 3.04 NC , 30
2,4-Dinitraphenol i 25 J . NC . 30
».bis(Z-Ethylhe,xvl)phthalat’ev L 1 284 o . NC 3 , 30
Nitrobenzens , o 50 . 484 4 ; 30 i i
2-Nitrophenol ' B 9.7 4 . Ne | 30 l
. Test 3 _ : ___l .
PRE-TEST : , ‘ _I
Benzoic Acid N , 104 | 8.3.4‘ ) 19 ‘ 30 "
POST-TEST ' | - - » o
Naphthalene B | 1.2 125 o - 30 "

* Indicates that this compound was not detected.
B Indicates that this compound was detected in a biank. R
J Estimated Result. Indicates that this compound was detected below the quantitation limit. The quantitation limit is defined
as 5 times the detection limit.
. NC Not calculated.
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The field blank (SAIC #280) was lost d_uring the extraction procedure. Based upon-
sample results, which showed no significant concentrations of target analytes, the

loss of this sample has no impact on overall data quality.
Semivolatile Emissions

;Samples of the stack gas were collected for all three Demonstration Tests to
determme the types and quantmes of semivolatile emissions and to provide
information for DRE calculations and, therefore these measurements were considered
critical. Samples were collected using an EPA Modified Method 5 (MMS5) sampling
train with XAD-2 resin. Specifics of this procedure are presented in Section 5. After
each Demonstration Test, the sample trains Were broken down and thoroughly rinsed
to remove any semlvolatlle analytes from the filter housxng, probe, and nozzie (PNR).

The soluttons were recovered from the 1mp|ngers and sent to the laboratory for
analysrs. When the samples arrived in the laboratory they were composited and
extracted using SW-846 Method 3540 for the XAD and 3510 for the impinger
solutions and PNRs. Samples were spiked with the normal-sw-846 Method 8270
csurrogates and the special acid surrogates as noted above These surrogates were
added to the MM5 samples because of the hlgh levels of NO,, anticipated in the stack

A summary of the surrogate recoveries for the semivolatile emission samples is
presented in Table 26. As noted in the table, there were several surrogates that did
not meet the specn‘led recovery crlterla Some of the surrogate recovery information
was lost because of dllutrons that were requured to bnng target compounds into the
calibration range, specifically benzoic acid. However, some samples analyzed without
dilutions had surrogates that were not detected (recoveries of O percent). As
previously noted with the scrubber liquor samples, normal 8270 surrogates were not
expected to be detected due to nitration effects caused by high NO,, concentratrons

“This is whv other acid surrogates were added to the matrix. Specifically, substituted
phenols with large steric hinderences were_ohosen to prevent nitration. One method
. blank had poor recovery of 2,4-dinitrophenofl-d3‘ (3 percent) which may indicate that
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Table 26. Semivolatile Emission Sample Surrogate Recoveries

2-Fluorobiphenyl 3° 137 45 103 188 0 2 30 - 115
Z-Fluompheaol ) | 1 o] NC |. o] o] | 1 o] 25 - 121
2,4-Dinitrophenol-ds 4 106 98 | o 234 | LS 1 ' D - 191
2,4,6-1‘ribroraepheaoi v i 1'.' | 0 : Né (o] (o] 1 -0 A I - 122
4,6-Dinitro-2-methylphenol-d, | 1s|] 20| 92| 140 o o] ‘b - s
1“(:’-Pema::hlowphenel : 4 23 29 o 61 2 0 14 - 176
Nltrobonzene-ds | » 14 © e 4 23 63 120 O Y 23 -, 120
Phenol-d ) | ol 2| we| 2 2 1 ol 24 - 113
Terphenyl-d,, | ' 4 .105 28 | ‘72 140 0 1 i18 - 137
. Number in parentheses is number of routine field samples, inciuding duplicates analyzed. Blanks, matrix spikes, and
recovery checks are not included.

b Number of results iess than number of samples because surrogates were diluted out in some samples.
NC - Not calculated. :
D- Deatected.

there was a problem with this surrogate standard Low recoveriea, 27 and 18
percent,, were also noted in the recovery check samples. - The carbo'n-labeled
pentachlorophenol surrogate was not recovered in the Test 1 or Téest 1 duplicate -
‘'samples, due to a dilution effect. However, this sui'rega,ie was recovered within
| acceptable limits for every other sample. Recovery of acidic compoundé in this matrix
were, therefore, considered to be acceptable, but were not consndered critical for
evalucmng project objectlves The base/neutral surrogates were recovered reasonably -
well ‘with ‘the exception of some high and low recoveries of 2-fluorob|phenyl. The
specuflc reason for these QC outliers has not been determined but does not lmpact

project objectlves because all other base/neutral surrogates ‘were wrthln QcC Ilmlt.>.

A second sample train was installed into the stack for Test 1 to collect a duplicate
semivolatile stack sample. The results of this duplicate pair is presented in Table 27.
Most of the targeted compounds detected in these two runs are flagged with the "J"
qualifier. Results that are above the method quantitation limits shaw goad agreement,

with the exception of the phthalate compounds. Phthalates are comrﬁonly reported
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The ﬂeld blank collected for these samples was clean w:th the exceptron of some llo e
level phthalates and 120 ug of naphthalene. It is lmportant to note that this is
approximately the same level of naphthalene that was detected ln all of the process
samples. .Therefore, the levels of naphthalene that were detected in the emls sion
samples vfere a J:esult »_of fi eld blan& contammatron and were,tclzsregarded Mhen
l evaluatmg the semwolatde emnssmn data from thes 'wtests. TR w T

“be -
- s ‘E«i 'f”‘“,u e
e - B = v
—F et -
Y - K
< - -
Metals —
omdoss o g
e . =
comand 2 s ~ad s
. k)

Several parametet»'s were tested for metal content at ‘various sampllng locatuons &

'throughout the system. Metals were denoted as' a secondary critical parameter.

Samples for metals analysns were collected :from the feed soxl the treated soil, the

By

N - Cimm o R ST+ SO R, [ N ST oA e

B4 :

Acatophenones ks R L 287 4 F N

| Bonzoic Acid < o~ o aata0 | heaeos |- s

I oibutylphthalate = i . s w081 J B NC
“Disthylphthalate ™ s T  wes . NE |
3,4-Dinitrophenol ) 17.52 ° J B . NC

| bist2-Ethylhexyliphthalate . 28.22 }e ' 082 JB - 189 “ :
Naphthalene _ 1069 . . 7.80 " 30 | -
2-Nitt:ophonol ‘ . - s v 9.54'_ J \ ;?NC .
4-Nitrophenol . 1286 4 % . . NC

¢  Indicates that this compound was not doatected.

Indicates that this compound was detected in a blank.

Estimated Rosult. Indicates that this compound was detected below the quantutanon limit. The quantitation limit is dofined
as 5 times tha detection limit.

NC Not calculated.

<. mw
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_ coupled plasma (ICP). A fewA metals could not be analyzed usmg this methlod'
Therefore, mercury analysis was performed using SW-846 Method 7470/7471, c.old

. vapor; arsenic by SW-846 Method 7060, atomic absorption; and selemum by SW-846
Method 7740, atomic absorption.’ To insure that data of known qualrty was obtained,
the instruments were calibrated in accordance wrth procedures outlined in the

. appropriate methods and/oer the QAPP. -

For the 1CP, a mixed standard calibration was performed each day using a multipoint
calibration-curve. For this calibration to be acceptable, the measured value of the high
calibration standard had to be within =10% of the true value. Once the calibration

‘met this acceptance criteria, a calibration check was performed at a frequency of

_, scrubber llquor before and after the test, the scrubber makeup and the stack gas. For -
. tthese matnces, rnost of metals data was generated usmg SW-846 Method,6010 jon. ..

10%. Reagent blanks were also analyzed at a 10% frequency and all target metals . . _

‘had'to be less than five times the method detectlon llmrt Matrix splke and matrix
spike duplacates were analyzed for each sample’ matrrx Duplicate samples were also

| colleoted in the fi eld and analyzed for metals ICP rnterference checks were perforrned
at the beglnnrng, middle, and end of each analysis. These- checks required a 80 to
120% recovery of the true value for EPA check sample elements.

For the -atomic absorption and the cold vapor analyses, similar analytical constraints
were placed on instrument performance. Before analyzing samples, a multipoint
calibr:ation. was performed. Calibrations checks were performed after each multipoint
calibration and after every 10 samples. Reagent blanks were also analyzed ata 10%
frequency. The results of these blanks required that the target analyte was less than .
five times the method detection limit. Matrix spikes and matrix spike duplicates were
performed for each matrix. As with the other metal parameters, field duplicates were

collected and analyzed.
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Feed Soil Metals . | -

Samples were collected of the feed soil under similar conditions as described for the

feed soil semivolatile organics. At the end of the Demonstration Tests, samples were

collected from the composite jar and sent tojthe laboratory for metals determination

usiné SW-846 procedures specified in the QAPP. Several samples were collected

from the composite jar which were randomly collected aliquots of the same

compaosite. Five samples were collected for ea'ch test run. As with the semivolatiles,
"it was not possible to distinguish between these aliquots by specifying random

primary and duplicate samples since they w,euie all taken from the same jar. Therefore,

the results are presented together for each test. Table 28 presents the results for the

feed soil metals. As with the semivolatile samples, the data is presented two ways.

The first part presents test-specific infotmation with the appropriate means and

standard deviations. The summary oortion provides information on all of the test runs

since the soil used for each test was from the same lot. As demonstrated by the
results presented in Table 28, good agreement was achieved for each test along with,

good statistical results for all of the tests.

In order to allow a comparison of the .feed soil and the treated soil roes'ults; the

laboratory used a modified digestion prooedure which uses a combination of |
hydrofluoric, hydrochloric, and nitric acids. This was done because of the difficulty
encountered with breaking down the treated soil matrix dunng pre-demonstration
activifies. Smce a combination of both acnds was requrred for the digéstion of the
treated soil, this procedure was also used for the feed soil so that the results could

t

be evaluated equivocally.

Matrix spikes were performed on the feed soil._ Because of the high levels’ of zinc
oxide in the feed soil, special considerations Were made for the spiking of zinc in this
matrix. Two samples which did not contain any zinc oxide spike (but which had been

previously spiked with both dieseland hexacnlorobenzene) were sent to the laboratory

i
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Table 28. Feed Soil Metal Results

Aluminum _sso00 | 52000 50000 51000 | 54000 | 52400 2074 ©3.96

Arsenic 210 240 200 170 | © 210 206 25 12.18

Barium 610 540 520 500 580 550 45 8.13

Cadmium - 73 7.0 . . . NC NC NG -
Celcium 13000 | 14000 | 12000 12000 | 13000 | 12800 837 |  6.54 "
Chromium 23 21| 20| 28 21 23 3 14.20

Copper 560 s0 |  s10 sio] s - ss6 ‘50 8.96

iron " 41000 | 3smo00| 36000 | 37000 | 38000 | 33000 | 1871 4.92

Lead ) 480 "a70|  aso| 420 460 456 23] 508
Magnesium- |  S400 | sso0| 4soo| 5200 soco | s180 | 207 4.02
Manganess 720 | 930 860 680 | 760 790 | 103| 13.03

Mercury . 13f 4] 13 1.2 14| 132 008 | - 6.34

Potassium 21000 | 18000 | 18000 | 18000 | 20000 | 19200 | 1304 6.79

Sodium 11000 | 10000 9600 |  9sco | 10000 | 10100 529 5.24

) Venadium | 86 70 R 76 7 72| .
Zine © | 23000 | 23000 | 23000 24000 | 23000 | 23200 } 447 1.9 |
‘ _ Tost2 l ! _

‘ Aluminum | . 4svoo| 47000 | asooo| 47000 | 47000 | 46800 | 1095 2.34
Arsenic | . 10| 180 210 / 170 180 | ass 18 8.15
Barium ‘ 460 470 460 470 490 470 12 2.61
Cadmium . 5.2 7.2 e 6.1 e [ 1 16.24
Coleium 12000 | 13000 | 12000 | 13000 | 12000 | 12400 548 | - - 4.42
Chromium - 19 24| 22 20 aa|  22]. ' s 25.28
Copper  ..| sso| s30| 550 'sso| 700 ss2| ‘e8| 1174
fron " 3000 | 38000 | 34000 | 3s000| 37000 | 36000 | 1581 )" 4.3s
Lead . 400 400 sso | = 430 410 | ‘406 15 3.74
Magnesium 4200 4400 4000 4500 | 4700 | 4360 270 6.20
Menganese 660 660 60| 8s0| 840 740 101 13.65
Mercury 1 14 1.3 15 13 1.3 136 | 0.9 6.58
Potassium . 19000 | 19000 | 19000 | 19000 | 20000 | 18200 aa7 2.33

- - o e " . s ’(cont.

i
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Test 2 (Continuéd)

Table 28 (antinued)

Sodium. " 10000 9800, 10000 10000 10000 | 9960 a9 0.90
Vanadium 83 84 69- 73 88 79 s{ 1010
Zinc 22000 21000 27000 23000 27000 | 24000 | 2828 | 11.79
Test 3 ]
Aluminum 43000 50000 45000 | 48000 52000 | 49600 | 1517 |  3.06
Arsenic 200 200 200 260 | 220 216 26 | 1207
Barium 500 490 480 510 520 500 16] 3.6
Cadmium . o s5| ¢ o NC NC NC
Calcium 12000 12000 12000 12000 13000 | 12200 | 447 3.67
Chromium 29 -~27 28 24 26 27| 2 7.18
Copper ‘580 560 620 760 600 624 79| 1270
fron 36000 3000 | 35000 38000 38000 | 36600 | 1342 3.67
Load 410 430 430 420 a410] 420| 10| 238
Magnesium 4300 4600 4300 4400 4800 | 4480 | 217 4.84
Manganess 700 780 740 . 800 660 736 57 7.78
Mercury 1.1 1.3 1.2° . 1.2 1.2 1.24 0.07 5.89
| Potassium . 19000 19000 19000 20000 19000 | 19200 | 447 2.33
Sodium 11000 10000 { 10000 10000 11000 | 10400 | S48 5.27
Vanadium 81 . 80 79| =3 87 82 3| 388
Zinc 21000 23000 23000 22000 21000 | 22000 | 1000 | 4.55

Aluminum 49600 2798 5.64
Arsenic 203 25 12.13
Barium 507 43 8.49
Cadmium - 6 1 14.27
Calcium 12467 640 5.13
| Chromium 24 a. 17.24
Copper 587 és 11.65-
| tron 36867 1727 4.68
Lead 427 ; 6.28

“{cont.) .




Table 28. (Continued)

Magnesium 4667 | , 424 ' 9.08
Manganese v . 758 . 87 V :11.49
Mercury ) 1.3 . v 0.1 ©7.98
.Potassiun) 19200 | 775 - ' 4.03
Sodium : 10153 ' 452 _ . 4.45
Vansdium | 7 | - 6 | ' '7.97
Zine 23067 | 1831 7.94

specifically for the zinc spiking. The laboratory was also sent a portic}n of the zinc
oxide lot which was used for the spiking of the Demonstration Tefst soil. The
unspiked soil was spiked in the lab for MS and MSD analyses at the same level as the
zinc oxide feed soil spike. Results of these spikes are presented in Table 29. The
remaining metals were spi_ke'd into two actual feed soil samples. These results are
also summarized and presented in Table 29. "As noted by the data presented in this
table, precision and accuracy objectives, as specnfled in the QAPP, were met for all
parameters except silver. Silver was recovered poorly in the MS and MSD However .
the precision was excellent for these recoveries. The poor.recovery results have no
impact on data quallty since silver was not detected in any of the feed soil samples

and was not a critical analyte.

Field blanks were collected for the feed soil at the time of sampling. The results of
the field blanks indicated a small quantity of aluminum ‘contamination for each of the
tests. The amount qf this contamination was 670, 360, and 340 ppm for Tests 1,

2, and 3, respectively. For the worst case, highest contamination and lowest

aluminum feed soil concentration, this represents 1.5 percent of the measured value .

detected in routine samples. Therefore, field blank contamination for aluminum has
little or no impact on data quality. Additionally, a small quantity (76 ppm) of iron was
detected m the Test 3 field blank. This has no impact on data quality snnce reported

iron ccincentratlons were several orders of magnitude higher than the fleld blank.

{
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Table 29. Feed Soil Metal Matrix Spikes Results (Test 1)

Aluminum 70 71.@ 71 1.4 65-140
Antimony o8 91 a5 7.4 65-140 30
Arsenic 109 108 “109 09| es-140 - 30
Barium 94 96 95 2.1 65-140 30
Boryllium 92 92 " 92 00| 85140 30
Cadmium 94 24 94 0.0 65-140 30 i
Calcium 94 8s 91 6.6 65-140 30
Chromium 96 97 97 1.0 65-140 30
Coppar 98 102 100 4.0 65-140 30
iron 70 @ 68 Q 69 2.9 65-140 30
Load 90 94 92 4.3 65-140 30
Magnesium 94 94 94 0.0 65-140 30

" Manganese 97 100 99 3.0 65-140 30

| Morcury 102 84 93 19.4 - 65-140 30

| Nickel 98 97 98 10 65-140 30
Potassium 50 110 100 20.0 65-140 30 -
Selenium 83 8i 82 2.4 65-140 30

Silvar 22Q 22Q 22 0.0 65-140 30
Sodium 20 85 88 5.7 65-140 30
Thallium 98 97 o8 1.0 65-140 30
Vanadlum 94 83 92 5.5 65-140 30 j

Q Outside control limits. ‘ : -
¢ Zinc was not actually spiked into the Test 1 feed soil, but rather into a sample of feed soil previously spiked with diese] oil
and hexachlorobanzene but no zinc oxide. '

Method blanks for metals contained consistent 50 and 220 ppm levels of copper and
iron, respectively. The copper contamination is of significance since this level
represents approximately 5 to 10 percent of the detected Copper in the feed soil _
samples. Since copper was not present in large enough quantities to effectively track
process performance, the blank con‘ta.minat’i;on has little effect on project objectives.
Copper was not used in the evéluation of the technology. The iron present in the field

|
|
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_blank and method blank totals approxumately 1102 percent of the feed soil content
and does not have a s:gmfucant |mpact on data quahty All feed so:l metals data

. appears in Appendlx D.
Treatéd Soil Metals -

Samples of the treated soil were collected after the melt had cooled aﬁd Hardenetd.
Sample?s were collected in accordance with' procedures outline& in Section 5 and
previbusly discussed in this section. To effectiveiy_evaante the metal cbntent of the
treated soil, the samples were crushed intp a powder form and Subjected to
microwave digestion. A mixture of hydrofiuoric, hydrochloric, and nitric acids was)
used to break down the glass monolithic matrix. The QAPP specified that a primary

and a duplicate sample be collected for each test run. Table 30 presents the results
N of the treated soil metal dupllcates for Tests 1, 2, and 3. As noted in the tabie,
precision objectives met the specified QAPP criteria for all metals with the exception
of arsenic which had a RPD of 38 percent in Test 2. Arsénic concentfations were
very low (Iess than 20 ppm) for all of the Demonstration Test results; hence, thls Q'C |

outlier does not have an 1mpact on data quality.

A matrix spike analysis and a matrix spike duplicate analysis were perfformed ona .
treated soil sample.from Test 1. The results of these analyses are presehted in Table
31. As noted in the table, all of the spiked compounds met precision and accuracy
objectives for all of the metals with the excepfion of. silver, and one high irecovery for
aluminum. The matrix spike duplicate for aluminum was recovered at 143% while
both the MS and MSD for silver were recovered at 16 and 17%, respectijvely These
QC outliers do not have a significant impact on overall data quahty for the treated scul
metals because neither silver nor. alummum were used in the evaluatlon of project
objectives.

129




[

Aluminum 48000 43000 2.06 30
Arsenic 13 14 7.41 30
| Barium 530 510 ' 3.85 30
Calcium 27000 27000 0.00 30
Chromium 520 500 3.92 30 i
Copper 800 | 820 2.47 -30
Iron 160000 | 160000 0.00 30
Load 120 95 23.26 30
Magnesium 6000 . 5506 8.70 30
Mangenese 1900 1900 0.00 30
| Nickel 290 280 3.51 30
| Potassium 16000 15000 6.45 30
Sodium 8200 8600 4.76 30 i
Vanadium 61 ’ A &1 * 0.00 30 "
Zins . 6600 | 6900 4.44 30 I
Test 2 ' —_]
Aluminum 45000 | . 47000 4.35 30
Arsanic 13 V 19 37.50 30
Barium 460 500 8.33 30
Calciim 21000 20000 5.00 30
Chromium 520 - 500 3.85 30
Coppor 1700. ‘ 1360 26.67 - 30
iron " 150000 150000 0.00 ‘30
Lead 130 100 26.09 30
| Magnasium 4200 5000 17.39 30
Manganese 1900 . 1900 0.00 - 30
Nickel 260 270 6.06 "30 il
Potassium 16000 V 16000 0.00 30
Sodium 8700 8600 1.16 30
| Vanadium 60 59 1.68 30

{cont.}




Table 30. (Continued)

Test 2. (Contir;uedi
Zine 1 o 9300 8800 | 5.52 30
. Test 3

Aluminum o | 45000 41000 | . 9.30 30
Arsenic | | S 11 13 | 16.67 . 30
Barium o | ‘ aso | 420 13.64 30
Calcium : N 18000 A 18000 0.00 30
Chromium | ‘ B 810 , 610 . 0.00 " 30
copper | 820 7 a30 1.21 30
ron o 220000 | 210000 4.65 30
Lead | 120 A 120 0.00 30
Magnesium o 5000 | - - - 4100 © 19.78 30
Manganese . 2600 2500 3.82 30 )
Nickel 290 - 280 ast| s
Potassium ‘ 3 15000 : © qa000 | - 6.90 30.
Sadium T | 7800 " 7800 0.00 "30
Vanadium ' 49 | ' 52 V 5.94 V 30
Zinc .. . - 8600 o 9100 ' 565 | = 30

' The laboratory method blanks performed along with the analyses of these san‘iples
were all clean. Analysis of the drill core cooling water sample, which v‘rvasvcol_lectedv

. to measure any losses duri_ng Sampling, contained very low levels of" metals. All
metals detected in this samplé were less than 10 ppm with the exception of the
folloWing: calcium, 18 ppm; potassium, 62 ppm; and sodium,-40 ppm. These results .
indicate that there were no significant losses of metal compounds frox}n the drilling
process because the amounts found in t'hese samples were sevefal orders' of
magnitu’de lower than routine analyses of thelr treated soil samples. All of the treated

soil data may be found in Appendix E.
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Table 31. Treated Soil Metal Matrix Spikes Results (Test 1)

Aluminum 132 1430 138 8.0 65-140 30
Antimony 94 94 94 - 00| 65140 30
Arsenic 107 111 108 - 3.7 65-140 30
Barium .101 103 102 2.0 65-140 30

[t Beryliism 90 20 g0 | - 0.0 65-140 ;o |
Cadmium a8 90 89 2.2 65-140 30 |
Calcium 86 96 91 11.0 65-140 30
Chromium 94 95 o5 1.1 65-140 30
Copper 94 96 95 2.1 | 65140 30

| Iron 93 89 91 4.4 65-140 30
Lead 95 . o8 97 3.1 65-140 30
Magnesium 98 96 97 2.1 65-140 30
Manganese 99 100 100 1.0 65-140 " 30
Nickel o3 ‘93 93 0.0 65-140 30- '

" Potassium 120 126 123 a8 | ‘es140 30 f
Selanium 86 84 8s 2.4 | .e5-140 30
Silver 16Q 17 17 6.1 65-140 30
Sodium 95 26 26 1.0 65-140 30

| Thallium 92 20 91 2.2 65-140 30
Vanadium 94 95 95 1.1 65-140 30
Zinc 88 8s 89 1.1 75-120 30

Q - Outside controt limits.

Scrubber Wgter Metal Samples

v

Samples of the scrubber water were collected before and after each Demonstration

Test. The samples were tested for metal content by using procedures outlined in SW-.

846. Most metal results were obtained by digesting the samples using SW-846
Method 3010 and analyzing the digestate iby SW-846 Method 6010, ICP. Other
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metals (arsenic, mercury, and selemum) were evaluated usnng prOCedures outlined in
SW—844B Methods 7060 7470 and 7740 respectively.

One primary and one duplicate sample were collected at the beginning and the end of
each demonstration test from the scrubber sump. Sampling procedures are described
in Section 5. Table 32 presents the results of the scrubber water du'plicate samples.
Values were reported in this table only if they appeared in both samples: In general, .
most of the QAPP objectives for precision were met. With this much data, it is not
surprising that some of the metals do not meet the - objectives; The post-test
duplicates for Test 2 show the greatest amount of variability and several metals do
not meet the objectiVes. The reason for this is unclear. This may indicate that the
contents of the sci‘itlbber after this test were not well-mixed when the samples were
collected or that the sample line was not purged sufficiernitly. In general, these QC
results are godd and do not imply that data quality has been impacted for the scrubber
water metal samples. In addition, these data have a minimum impact oﬁ the project
because scrubber water results are only indirectly used for evaluatlon of the

technology and are not used for DRE or Ieachabnllty claims.

Matrix spikes were not performed on thIS matrix for metals with the exception of
arsenic. Arsemc was recovered high'at values of 152 and 174 percent recovery. The
~matrix spikes for the addmonal metals was not performed. Since there were several
duplicates collected for this matrix, and since only low levels were detected the
impact of not havnng splked sample results is limited and.does not seriously affect _
data quality. These data were not used in determmmg previously deflned numerical

objectlves and, overall; are not critical in evaluating process performance

Laboratory method blanks that were analyzed along with the scrubber liquor samples

were free of contamination and therefore do not impact data quality.
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Table 32.

Scrubber Water Sample Metal Duplicate Results

|

| PRE-TEST

| Atuminum 0.45 0.50 10.53 20
Arsenic 0.021 0.024 13.33 20
Berium 0.011 0.011 0.00 20
Calcium a3 12 8.00 20
Chromium 0.45 0.57 | 2353 20
Copper 0.91 1.00 9.42 20
fron 13 16 20.69 20
Lesd - 0.053 0.054 1.87 20
Magnssium 4.1 4.1 0.00 20
Manganese 0.12 0.14 15.38 20
Nicke! 0.13 0.18 32.26 20
Potassium 14 14 0.00 20°
Sslenium 0.0089 0.0089 - 10.64 20
Sodium 350 360 2.82 - 20
Vansdium ™ 0.050 0.053 5.83 20
Zinc 0.61 .0.77 23.19 20
POST-TEST i ’
Aluminum 3.0 2.9 3.3% 20
Arsenic 4.9 5.5 11.54 20
Barium 0.17 0.17 0.00 20
Cadmium 0.085 0.093 8‘.99 20
Calcium 9.8 10.0 202 20
- Chromium 0.99 1.00 1.01 20
Coppar 4:.1 4.2 2.41 20
fron 34 34 | 0.00 20

il Lead ’ 2.6 2.7 3.77 20
Magnesium 3.2 3.3 3.08 20
Manganess 0.61 0.63 3.23 20
Moercury 0.088 93.33 20

0.032

{cont.)}




Table 32. (Continued)

. '. Test 1 (Continued) _
POST-TEST (CONTINUED)
Nickel 0.1 ' 0.42 241 | 20
. Potassium -G 37 . 274 | 20
| Selenium e 0.12 ' 0.12 0.00 | - 20
Sodum » V 4200 : 4400 | 465 | .~ 20
Vanadium o1z | ' 0.12 0.00 20 )
Zinc | : e 110 120 870 | 20
| PRE-TEST A o 5 A
Alurminum 14 o 000 | i 20
Arsenic “ : 15 15 0.00 .20
Barium ' 0.045 oo 0.045 : 0.00 20
Cadmium . B . 0.026 | : 0.024 8.00 | ° 20
Calcium ) 4.6 , 4.6 0.00 | | 20
, " Chromium ' o 0.90 | 0.90 -+~ o000 i .20 - S
Copper L 2.7 2.7 0.00 20
lron 28 28 0.00 | 20
Lead | . . 0.78 ' 0.80 253 | + 20
Manganese | 0.30 0.30 0.00 ! 20
Mercury : | ~ 0.0040 | 0.0028 | 3s.20 | 20
Molybdenum s | 0.14 ' 0.14 | o000 | - 20
Nickel . | 031 | : 0.31 | o000 | 20
Potassium | | | 48 | 49, | 206 | 20 .
- Selenium ' | 014 012 15.38 . 20
silicon - 24 24 0.00 | ° 20
Silver : ~ 0.020 0.020 0.00 20
Sodium , , | 180 , - 190 sa1| - 20
Vanadium ' : 0.048 - 0.047 a1 | 20
Zinc h 27 | 28 3.64 20 . .
{cont.)
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Table 32. (Continued)

Test 2 lCQniinuod)

POSY-TEST
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Aluminum 2.6 1.7 41.86 20
Arsoric 7.8 3.9 66.67 20
Barium 0.19 0.15 23.53 20
Boron 4.8 48 0.00 20
Cadmium 0.140 0.085 48.89 20
Celcium 11 11 0.00 20
Chromium 1.60 0.81 65.56 20
Cobalt 0.020 ‘ 0.013 42.42 20
Copper $.0 4.6 64.71 20
iron a2 22 62.50 20
Lead 46 : 2.3 66.67 20
Magnssium 1.3 1.0 26.08 20
Manganasa 0.66 0.45 37.84. 20
Morcury 0.13 0.13. 0.00_ 20
Molybdanum 15 13 14.29 20 ~
Nickel 0.57 0.35 - 47.83 20
Potassium 25 23 8.33 20
Solonium 0.110 0.091 18.91 20
Silicon 100 68 | 38.10 20
Silver - 0.076 0.073 4.03 20
Sodium . 2400 - 2000 18.18 20
{ Strantium 0.062 0.058 6.67 20
Vanadium 0.22 0.14 44.44 20 I
Zinc 240 100 82.35 20
Test 3 ‘
PRE-TEST ;
Aluminum 0.48 ! 0.43 13.04 20
" Arsenic 0.35 0.32 8.96 20
{cont.)}




Table 32. (Continued)

Test 3 {Continued)

PRE-TEST (CONTINUED)

Barium 0.030 0.027 10.53 20
Boron s 1.4 6.90 20
Cadmium 0.025  0.028 11.32 20
Calciurn 4.7 . as 2.11 20
Chromium 1.10 0.96 13.59 20
Copper 1.5 ] 1.4 ' 6.90 20
fron Py 37 10.26 20
Lead 0.68 0.63  7.63 20
Manganese 7 6.42 0.38 10.06 20
Mercury 0.0025 0.0027 3.64 20
Molybdenum 0.31 0.28 10.17 20
Nickel 0.28 0.26 7.41 20
Potassium 8.4 N 7.7 8.70 20
Silicon 29 24 18.87 20
Silver 0.013 0.013 . 0.00 20 I
Sodium 650 600 8.00 | - 20
Strontium 0.020 | 0.020 000 | 20
Vanadium " 0.028 0.026 -7.41 20
Zinc 26 24 . 8.00 20
POST-TEST ’ '

A‘Iuminum ' 1.1 ’ 1.1 0.00 20
Arsenic 3.3 7.7 80.00 20
Barium 0.080 0.079 1.26 20
Boron s EE 11 0.00 20
Cadmium 0.090 0.078 | 14.29 20
Calcium 4.4 40 9.52 20
Chromh;lm 1.9 1.9 0.00 20
Cobalt 0.022 0.024 8.70 20

(cont.)




Test 3 (Continued)

POST-TEST (CONTINUED)

Copper : 3.4 3.3 2.99 20

Iron : 46 T 44 ' 4.44 - 20

Lesd ' 2.1 2.1 0.00 20
Manganose 0.53 . 0.52 v '1.80 20 i
Mercury 0.018 0.020 10.53 | - 20
Molybdenum 0.40 0.40 oo0| 20

Nickel 0.96 i 0.97 1.04 20
Potassium 13 o 13 ' 0.00 20

Sefenium ' 0.020 ' 0.017 16.22 20

Silicon a3 : 42 2.35 20

Silver ‘ 0.057 g 0.048 17.14 | 20

Sodium ) 1200 | . 1200 0.00 20
| Strontium 0.019 1 0.018, 5.41 - 20

| Vanadium . 0.071 0.069 2.86 20 f
| Zine ' es| | 64 . 1585 20 J

0

Metal Emissions Data {

For each of the Demonstration Tests, samples of the stack gas were collected to
evaluate metal emissions. Samples were cOllécted uéing the Multiple Metals Train
(MMT) which is discussed in Section 5. At the completion of each Demonstration.
"Test, the impinger solutions were collected, the filter was recovered, and the sample’
train components were rinsed. In the' laboratory, the probe and nozzle rinses (PNR)
were combined with the filters and digesﬁed as single sample. All of the data

generated for the metals emissions were obtained from the filter and PNR.
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The analyses of the impinger solutions yielded non detectable quantities for most
metals, or values at or near the detection limits. Since .these ‘results were
insignificant, they were not included in the calculation of the total sample train catch.
Mercury was the only metal that was found in ‘the impingers at a sighificant level.
This is not surprising given the high volatility of mercury and the operating
tempeerétores of the process. Raw data for these measurements cao be found in

Apperldix C.

For Test 2, a primary and a duplicate MMT V\rere installed into the stack to collect
duplic‘ate metal emission samples. The results of these duplicates are presented in
Table 33. As seen by the calculated RPD values, the results of the duplicates are
poor. Most of the reported values inmthe duplicate train are a factor of: 2 higher than
the primary train. A check of raw data and calculations indicated no source of error
in the reporting of the resuits. The results of the duplicates indicaté that there is
some inconsistency assocnated with the stack gas flow or sampling procedures Itis
possnble that one of the tralns was not Iocated correctly inside the stack and an
isokinetic sample was not collected. There were also several problems noted with the
blower during testing activities which may have caused flow rrregularltles. Several
metals were also detected in the field blank ;Nhich is discussed below. Limitations on -
these data are discussed later in this section under "CONCLUSIONS AND
LIMITATIONS OF DAT

Field .blan"ks for the metal trains showed detectable levels for most of the target
analytes. Aluminurn, calcium, and sodium were detected at levels greéter that 1,000
4g. The amount of aluminum, calcium, and sodium (combined) in the field blanks
represents approximately 25, 10, and 15 percent of the catch for Tests 1, 2, and 3,
respectively. Magnesium was detected at 480 ug in the field blank. This represents
about 50 percent of the catch for the Demonstration Test samples. Ail other metals
detected in the field blank were insignificant in comparison with the !5emohstration

Test results. Zinc, which was of critical 'importance to this demonstration, was
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 Table 33. Metals Emissions Duplicate Sample Resuits (Test 2)

Aluminum i.396 B{. 2.800 B 66.92
Antim.onv 0.046 | 0.136 ' 98.90
Arsanic - 33238 9.753B | - - 98.35
Barium 01138 | - 0.242 8 72.68
Beryllium . 0.0008 0.0010 | 66.67
Cadmium 0057 | 0.119 , 70.45
Calclum 25258 | 5.089 B 67.35
Chromium 0.930 8 | 1.951 8B 70.88
Copper . ) 6.646 B ‘ 13.994 8 71.20
Iron 43.197 1 89.053 B 68.83
Load 3.256B | ° 6.785 B 70.29
Magnesium " oaesB | © 09338 60.80
Mangansse =~ 0.326 B ‘ . 0.763 B 80.26
Mercury . 0.0043B | 0.0080 B ' 60.16
Nickel: : 0.2368B | 0.509'B . 73.29
Potassium 9.969 ’ ' 21.203 72.78 |
Selenium 0.015 ; 0.034 77.55
Silver : 0.009 | |  oois | 71.43
Sodium ) 5.981 B 127228 72.08
Thallium 0.017 ‘ | 0.042 84.75
Vanadium 0093 | . 0.195 70.83
Zine ) 116.2998B | ’ 250.197 8 45.78

B- Indicat_es that this corﬁpound was detected in the field blank.

detected at 160 Ha. This js several orders 6f magnitude lower than Values found in
test samples; therefore, field blank contamination has little or no effect on the
evaluation of the ability of the process to tr@aat zinc. Field blank data may be found
in Appendix C. Other metals data was not used in evaluating project objectives other
than total emissions. The blank data does not impact total emissions output as zinc
is the dominant metal in the gés stream aslstated by project conclusions. Method
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blanks'analyzed along with these samples were clean with the exception of small
quantities of iron (5.5 ug) bemg detected in one blank. These levels are msrgnlflcant

in companson the Ievels of iron detected in the Demonstration Test samples

Matri)t spike recovery checks were prepared and analyzed for the multiple metals tr:aih
by spiking a blank filter and clean impinger solutions with the targeted analytes

Recovery mformatlon for these sprkes is presented in Table 34. This table shows that
. the recovery for most of the analytes fell within the accuracy objectives specified by
the laboratory. Silver was the only outlier with a 20 percent recovery from the filter
media. Since silver was not a metal of great interest to this pro;ect this poor

' recovery has no impact on data quality.

TCLP Analyses

Leachability of the treated soil was considered an extremely crltical parameter'for
evaluation in these Demonstration Tests. Samples'were subjected to TCLP and then
analyzed for semivolatiles and metals. - The TCLP extractions were oerformed in
accordance with SW-846 Method 1311. The TCLP leachate was analyzed usmg SW-
846 Method 8270 for semlvolatrles and SW-846 Method 6010 for most metals

Other metals were analyzed - as prevrously speclfred in this sectlon. " Detailed
discussions of the extraction, digestion, and quallty control procedures utilized to
ensure proper sample preparation, instrument tuning, and calibration have been -
outlined previously in this section for both semivolatiles and metals. '

TCLP. Metals

Samples of the feed and treated soil were collected to determine the leachability of
metals. In general, low levels of metals were detected in the leachate samples except
for-calcium, zinc, and sodium in the feed soil. “Zinc, which was spiked at high levels,
leached freely from the feed soil and was effectively contained in the treated material.
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Arsenic Filter 91
Mearcury Filter 101
Sitver Filker 20Q
Antimony Filter‘ 83
Beryltium F:ltet: 86
Cadmium Filterj 86
Zinc Filter 87
Magnesium Fnltor‘ 88
1 Copper Filier‘ 90
Manganese Filter 20
Vanadium -~ Filter, 80
Nickel Filter; g2
Barium Filter 23
Aluminum Filter 94
| Chromium Filter 94
i Lend Filter 94
Thallium Filter 95 i
| Cn!c.ium Filter 26
| Sodium Filter 9 /
1 lron Filter 98
Potassium Filts:; 101
Selonium Filter 85
Arsenic Liquié 107
* Mercury Liqﬁi?j! 99
Aluminum* Liquid 92 |
Antimony Liqui&; ' 93
Cadmium Liquia 94
Copper Liqui& 85
Manganese Liquid 95
Thallium Liquid 95
Vanadium : Liqui& 95
) {cont.)




Table 34. (Continued)

Barium . ' : . - Liquid o 96
Bevryllium ' . Liquid © 96
Chromium ' Liquid _ __ 6
Magnesium : ' Liquid ) 96
Nickel o ( ' Liquid ' : _ 96
 Silver ' | : Liquid o ‘97
Sodium . - B Liquid » 97
Zinc - A ' Liquid , 97
Ironr ' , - . o Liquid v 99, '
Caleium _ ’ - v' Liquid 100
Lead ,' ' ' ; BB | | Liquid‘ ’ 100
Potassium ) ‘ ' Liquid 7 ‘ 1 OO
Selenium o o Liquid - . 92

B Q - Qutside laboratory recovery objectives (75-125%).
Calcium was also effectively ericapsulated in the treated slag. Addmonal discussion

of,metals leachability is presented in Section 6. For Test 1, a duphcate sampie of the
feed soil Was collected and analyzed. 'For each of the Demonstration Teats, duplicate
samples of the treated soil were collected and analyzed. Table 35 presents the results
of the duplicate samples. As noted in ;che table, several of the metalsédid not meet
the precision objectives stated in the QAPP for all of the duplicate pairs in the feed
and treated soil. In general, the duplicate results for the feed appear to be satisfactory
except for analytes detec-ted at very low Ieyels.' There were values that exceeded the
limits for iron, eop'per and mercury in the feed soil, while the treated soil had a variety
" of elements which exceeded the QAPP objectives. Some metals were detected in one
of the duplicate pairs and not the other. In these cases, the detected value was close
to the 1reportmg limits and data quahty does not appear to have been impacted. “These
hlgh RPD values indicate that there is some variability assocxated W|thm the treated
soil. This can be expected since the process does not "mix" the soil whlle it is being
treated. 'f'he variability of some of these results does not imply that the data is of

poor quality, rather it suggests variability in the treated soil matrix. ~This variability,
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Table 35. TCLP Mgf@ls Duplicate Sample Results
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Test 1
FEED SOIL ‘
Barium 0.16 0.12 28.57 30
Codmium 0.066 0.064 3.08 30
Calcium 180 170 11.11 30
Copper 6.2 a7 50.51 .30 |
tron 0.110 ~ 0.055 66.67 30
Magnesium | 7.8 7.8 1.27 30
Manganese 5.0 . 4.6 8.33 30
| Morcury 0.0003 ' 0.0008 90.91 30
Potassium 4.9 4.2 15.38 30
Sodium 1600 1400 13.33 30
Vanadium 0.094 0.087 3.14 30
Zinc- 1000 : 1000 0.00 30
TREATED SOIL ) -
Aluminum 0.29 ' 0.34 15.87 30
Barium 0.087 0.074 16.15 ~30
Calcium 1.8 2.5 32.56 30
Copper 0.12 0.23 62.86 30
lon ’ 2.1 3.1 38.46 30
Mangsnose 0.050 0.061 19.82 30
Sodium 1500 1500 0.00 30
| Zinc 0.39 0.51 26.67 | 30 il
i ¢ . Test 2 __I
| TREATED soit '
Aluminum " 0.28 0.55 65:06 30
Barium 0.090 0.080 | 11,76 30
Calcium 1.3 3.8 98.04 30
Copper 0.17 0.54 104.23 30 “
Iron . 2.4 3.5 37.29 30 “
(cont.) -




‘Table 35. (Continued)

Test 2 {Continued)
TREATED SOIL (CONTINUED) '
Manganese ' 0.051 0.071 32.79 30
Sodium 1400 1400 0.00 30
Zinc 0.32 0.40 22.22 30 |
_ Tést 3 ' :"
TREATED SOIL . |
Aluminum B 0.39 0.25 43.75 30
Borium ~ 0.070 " 0.080 13.33 30
Calcium 29 | 1.2 82.93 30
Copper 0.11 0.50 127.87 30
Iron 4.3 58 172.39 30
' Manganese 0.13 0.36 93.88 30
Sodium 1400 1400 0.00. 30
Zinic 0.37 0.23 46.67 30 l

however, does nvot'signiﬁc‘antly impact project:conclusions because of hbw this data -
is evaluated, as explained in Section 6. Data evaluations account for variability
associated with this matrix.

Spiked sai‘nples were analyzed for the‘freated and feed soil. These results are
summarized in Table 36. The feed soil spikes exhibit good precision ahd aécun‘acy
values for all megals with the exception of calcium, sodium, and zinc. This is most
likely due to the high levels of these compounds found in the unspiked ;samples. It
is poSsible that these metals were not sbiked at hi'gh”enBugh levels toi exceed the
native concentration found in the matrix for these metals. Hence, this behavior can
be expected and does not imply that routine samples results have been impacted. The

treated soil spikes showed excellent precision and accuracy values for all'metals with
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TEST SOIL

SAIC-0309 MS | Aluminum 103 96 10| 70| es140 30
SAIC-0309 MS | Antimony 91 a9 - s0| 28| 65140 30
SAIC-0309 MS | Arsenic 88 93 91 55| 65140 30
SAIC-0309 MS | Barium 101 . 101 1001| ‘00| 65140 30
SAIC-0209 MS | Beryllium 107 101 101 00| 65140 30
SAIC-0309 MS | Cadmium 96 96 e6 | .00]| 85140 30
SAIC-0309 MS | Calcium 48 ax 138 QX NC ' NC 65-140 30
SAIC-0309 MS | Chromium 100 89 "q00| 10| 65140 30
SAIC-0309 MS | Copper 86 108 97 | 227 | 65140 30
SAIC-0309 MS | Iron 102 102 102 00| 65140 30
SAIC-0309 MS | Lead 97 97 97| o0 65140 20
SAIC-0309 MS | Magnesium 96 100 98 41| 65140 30
SAIC-0309 MS | Manganese - 82 107 o5 | 265| 65140 30
| sAic-0309 Ms | Mercury 117 115 116 17| es-140 30
I saic-0z0o Ms | Nickel a9 o8 89 1.0 65140 30
SAIC-0309 MS | Potassium 94 106 100 | 120 65140 30"
SAIC-0309 MS . | Selenium 75 74Q 75 13| 68140 30
SAIC-0309 MS | Silver - 97 96 97| .10| 65140 30
SAIC-0308 MS | Sodium 0 ax 304 QX NC NC 65-140 30
SAIC-0309 MS | Thaliium 107 102 10s | 48| 65140 30
SAIC-0309 MS | Vanadium 100 99 . 100 10| 65140 30
SAIC-0309 MS | Zinc oax | 1110 0x ne | -nc 75-120 30
, ' TREATED SOIL
SAIC-0314 MS | Aluminum 100 102 101 20| 65140 30
SAIC-0314MS | Antimony 110 108 109 18| 65140 30
SAIC-0314MS | Arsenic 96 97 97 10] 65140 30
SAIC-0314MS | Barium . 102 103 103| 10| es140 30
SAIC-0314MS | Beryllium | 102 103 103 10| 65140 30
SAIC-0314MS | Cadmium 97 o8 98 10| 65140 30
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TREATED SOIL (CONTINUED) i
SAIC-0314MS | Calcium " 105 107 106 | 19| 65140 30
_SAIC-D314 MS | Chromium 101 102 100 | 10| 65140 30
SAIC-0314MS | Copper 98 | 01| 10| 20| esi40 | 30
saic-0314Ms | iron ‘ 103 | 104 | 104 | 10| 65140 30
SAIC-0314MS | Lead 1 - 104 106 10s| 19| 65140 30
SAIC-0314 MS | Magnesium 103 104 104 10| 65140 30
SAIC-0314 MS | Manganese 0] 01| 10| 10| es14a0 | 30
SAIC-0314 MS | Mercury , 99 | %8 | 99| 10| es5140 30
SAIC-D314 MS | Nickel 102 103 103| 10| es140 30
SAIC-0314 MS | Potassium ' 121] 18| 12| 25| es140, 30
SAIC-0314 MS | Selenium eaa| _ saa|  s9| 16s| es140 30
SAIC-0314 MS | Silver 97 98 | eg | 10| 65140 30
SAIC-D314MS | Sodium 430 X 100 100]| nNc| es-140 30 -
SAIC.0314 MS | Thallium . 102 “108|  108| 57| 65140 30
. SAIC-0314MS | Vanadium 101 102 102| 10| esis0, | 30
SAIC0314MS | Zine ' 101 101 | 101 00| 75120 30

Outside control limits. .
Amount of spike added was significantiy less than the natural analyte concentration in the sample; recovery not meaningful .
due to dilution or background interference. : -

NC Not calculated.

X P

the exception of sodium. Problems associated with the sodium recovery are

discussed below and discussed in Section 6.

Method blanks for the TCLP metals samples were free of significant contamination
that may have effected results with the exception of sodium. Sodium was detected
in a method blank at a level similar to those found in pr_oject samples. This could
explain the poor precision and accuracy valués for sodium in the treaté,d soil spikes.
lAlthough sodium contamination was detected in the method blanks, ithis does not

present a significant impact on data quality. Since sodium hydroxide wés used in the
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scrubber as a neutralizing agent, sodium wé;s not a heavily weighted factor used to

evaluate critical project objectives.

TCLP Semivolatiles

Samp;es of the feed and trééted soil weré collected for evaluation of leachabie
semivolatile compounds. There were no target compounds detected in either of these
matrices. Duplicates were collected and analyzed for each test as f!e'scribed in the
TCLP metals section. Since none of the tar'geted compounds were detect'ed, it was
not possible to evaluate the results of the sample duplicates from a precision '
standpoint. The investigators of this project were surprised to find that none of the
hexachlorobenzene leached from the feed soil. To confirm these results, a special
study, which is later discussed under “SPEC!AL STUDIES," was conducted.

Matrix spikes were performed on both the treatéd soil and feed soil leachates. These
results are summarized in Table 37. The feeﬂ soil show one poor recov.e"ry for phenol
and some high-RPDAvalués for 2-6hloropher{ol,‘4-chlc.>fo-3-methylphenol and phenol.
Recoveries for the treated soil were all acceptable and the RPD values were within the
control limits. Since no target compounds were detected in the feed soil, the poor QC
associated with a few of the spike compounds has no impact on TCLP data quality.

Surrogates’ sbiked into the TCLP semivolatile leachate samples are summarized in
Table 38. As noted in the table, there are some recoveries that are outside the
control limits. Based upon the sample resuits, these surrogate recoveries have little
impact on the data because there were no. ‘semivolatile- compounds detected in the
leachates and these data were not used to evaluate numerical project objectives. The
project conclusions simply state that no semivolatilesv were found to leach from the

treated soil.
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Table 37. TCLP Semivolatile Matrix

Spike Results (Test 3)

i

FEED SOIL

SAIC-0309 MS' ;l,2.4-Trichlorobenzene ‘ 103 94| 99 9.1 38-‘!0'/':f 23
SAIC-0309 MS 1 ,.4-Dichlorobenzene 82 74 78 10.3 . 28-104 27v
SAIC-0308 MS | 2-Chlorophenol - 65 . 36 53 62.9 25«1 02 50
SAIC-0309 MS 2,4-‘Dinin;oioluone 90 és 90 1.1 28-89 47

| SAIC-0309 MS | 4-Chloro-3-methyiphenol 71 30 51 81.2 7 26-1 021 33
SAIC-0309 MS 4-Nitrophenol 84 54 &9 43.5 11-1 14 50
SAIC-0309 MS | Acenapthene 108 96 102 11.8 31-137 . 19
SAIC-0309 MS N-Nitrogodiprdnylamine 100 93 97 A 7.3 41-126, 38
SAIC-0309 MS Pentachiorophenol 65 ' 42 54 43..0 17-1 69‘ 47
SAIC-C308 MS™ | Phenol 46 - 20 33 78.8 26-90 35
SAIC-0309 MS Pyrene 105 102 104 ‘ 2.9 35-142° 36___

' TREATED S?_L _ ! .

SAIC-0314 MS 1,2,4-Trichlorobenzene 82 . 91 87 10.4 38-107 23
SAIC-0314 MS | 1,4-Dichlorobenzene 71 74| . 73 4.1 28-104 27
SAIC-0314 MS | 2-Chlorophenol 74 83 79 11.5] 25102 50
SAIC-03714 MS 2,4-Dinitrotoluene 8% . 84 ' 87 5.8 28-89 . 47
SAIC-0314 MS | 4-Chloro-3-methyiphenol 8.5 82 84 3.6 26-103 33
SAIC-0314 MS 4-Nitropheno! ' 61 78 70 24.5 11-114: 50
SAIC-0314 MS Acenapthene 89 92 21 3.3 31-137 19
SAIC-O3 14 MS N-Nitrosodipropylémina 92 87 20 5.6 41-126 58
SAlC-O3;I 4MS Pentachlorophe.nol | 59‘ - 75 .67 23.9 17-109 . 47
SAIC-0314 MS Phenol ‘ . 61 72 67 16.5 26-80 : 35-
SAIC-0314 MS » Pyrens 108 102 | 105 5.7 35-142. 36

149




| ‘ FEED SOIL
2-Fluorobiphanyl 4. 58 32 33 105 2 0 43-116
| 2-Fluorophenol 4 53 29 10 70 1 (o] 21-100
2.4,6-Tribromophenol 4 71 27 31 89 (o] o) 10-123
Nitrobenzene-d; 4 83 5 ' 78 8g (o] o] 35-114
Phenol-d; a 70 38| 14| 92 0 o 10-94
Terphonyl-dy, 4 110 jo0} 101 | 128 0 o 33-141
TREATED SOIL
2-Fluorobiphenyl™ 7 76 27| 38| 11s 1 0 43-116
2-Fluorophsnol 7 70 19 37 94 0 0 21-100
2.4,8-Tribromophenol 7 77 12 58 95 0. 0 10-123
Nitrobenzene-dg 7 93 ‘i4 ‘ 76 109 (o] (o] 356-114
| Phenol-d; 7 84 25| 43| 104 0. 4 10-94
“Terphenyl-dy, 7 105 19 77 | 128 0 o 33-141

* Number of routine field samples and field duplicates, not including blanks, matrix spikes, and recovery checks.

Dioxin and Furans

Samples were collected during each of the Demonstration Tests to determine the

presence .of polychlorinated dibenzodioxins and polychlorinated dibenzofurans
(PCDDs/PCDFs). PCDD/PCDF samples were collected because hexachlorobenzene,

which is a potential PCDD/PCDF-forming compound under the thermal processing

conditions encountered for these tests, was spiked into the feed soil . The sampling

strategy was to analyze the stack and treated soil samples first to determine if these

compounds were present. If PCDDs/PCDFs were detected in these matrices, then all

of remaining samples would be analyzed. Since the samples that were initially

analyzed only contained' trace quantities of PCDDs/PCDFs, the remaining samples
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perﬂuorokerosene. An initia| 5-point Calibration Was performed and péssed‘ the
acceptance critéria of less than 25% RSD for the targeted Compounds, Each day the
calibration wag verified by analyzing a check Standard which agrééd-within 25 % of
: the initig| calibration Curve, Additiona[ Qc parametérs included chromatography

with the €xception of OCDD ang OCDF detected at 1.2 and 0.29 ng, respeciively.
All of these compounds_were detected in the laboratory blank except for 2,3,4,7,8-

2,3,4,6, 7,8-!-jxctDF analyte wag fognd in the blank at level less that one-third the
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TMOQL. Blank results were, nonetheless, deemed acceptable by the analytical
laboratory and indicate no significant impact on sample results.

Each sample was sprked wrth surrogate standards, alternate standards, and mternal

standards to monitor the quality of the results generated For each sample extracted,

nine carbon-labeled PCDD/PCDF congeners representing the tetra- through octa-
chlorinated PCDDs/PCDFs were added to the sarnple These standards measured the
overall method efficiency and provnded a correctlon for the unlabeled analog (isotope
dilution mass ‘spectrometry). Five surrogates and two alternate compounds were
added during the sample preparation to measure efficiencies of extract preparation

steps.

[

The summarized results of the surrogate and internal standards are presented in Table
39 for the treated soil samples and Table 40 for the stack gas samples. As noted in
these tables, most of the recoveries were wrthln the acceptance ranges. Recoveries

, of an internal standard that are not within the control does not necessarily undrcate a
problem since the corrésponding target analyte is corrected for 'the recovery. Only
erroneous recoveries would indicate a problem with the quantrtatrons Internal
standard recoveries were satisfactory. Poor surrogate recoveries were noted for only
a few analytes and were usually only slightly below or above acceptance limits.
.Based upon the sample results, the poor recoveries have little or no effect on overall
data quality. o

Duplicate samoles for the stack emission were collected during Test 2. Duplicate '
samples for the treated soil were also collected and analyzed for each of the
Demonstration Tests; Table 41 summariz’es the results of the duplicates for the
treated soil samples and Table 42 presents the results of the stack gas duplicates.
‘l‘hese tables indicate t_hat the majority of the duplicate results do not meet the QAPP
objectives. Compounds that were beyond the control limits weré most likely due to
sample interferences since most of the hits were very low and ‘close to the TMQL.
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Surrogate Standards
3¢ HpCDF-789 8 80 20 a6 | 107 0 o] a0 - | 130
¢ HxCDD-478 8 94 16 64 | 119 o o} 40 - | 130
19C.HXCDF-478 8 79| 17 so| 106 o o| 40 - { 130
"C.PelDF-234 8 e 18 71| 118 0 o} 4o - | 130
Y¢eLTCDD 9" 56 . 23 28 97 3 0 40 | - 130
| Altarnate Standards
C-HxCDF-234 g | 84 18 4| 1m o ol 25 - | 130
“C.HCDF-788 | 8 81 18 a9 | 108 o o] 25 - | 130
R A Intel:nal Standar;:ls
3C.2378-TCDD Cee | 59 24 29 | 102 2 o| 40 - | 130
3¢.2378-TCDF 9° s3| . 21| 24 g5 3 ol a0 | - | 130
195.PeCDF-123 8 so| 29 a5 | 125 o o| 40 - | 130 _
YC.peDD-123 8 o8 32 67 | 149 o 2| 40 - | 130 f
13CHx(CDF-678 8 79 26§ -a8| 127 o ol 4o - 130
C-Hx(DD-678 8 84 22 a9 | 124 ) o 40 - | 130
3C_HpCDF-678 8 74 16| 44 89 o ol 25 | - | 130
Y. HpCDD-678 .8 87 20 51| 112 o ol 25 | - | 130 [
8C.0CDD | 8 94 24| sa| 118 0 o| 25 | - | 130

. includes one treated soil core water sample. .
Number of routine field samples and field duplicates analyzed. Does not include blanks, matrix spikes, or recovery checks.
€ Includes confirmation as well as full screen analysis resuits. '
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Table 40. PCDD/PCDF Internal apd Surrogate Gas Recoveries

Stack Gas
Surrogate Standard . : ' ’ .
13C-HpCDF-789 4 97 14 B 82 111 0 0 70 - 130
13C-HxCDD-478 4 167 - 78 %IOB 279 0 2 70 - 130
13C-HxCDF-478 | 4 118 | 7 i ‘i 1 | 126 0 0 70 - 130
13C-PoCDF-234 4 108 g| 98| 118 0 o] 70 - | 130
27CI-TCDD 8* 104 g| 85| 118 ) o] 70 - | 130
Altarnate Standards
13C-HxCDF-234 4 102 19 79 i20 0 0 40 - 130
13C-HxCDF-789 4 | 72 16 | .52 88 0 0 40 - 130
Intarnal Standards
13C-2378-TCDD A s 77 39 34 151 2 1 40 - ' 130
13C-2378-TCDF 8* 74 | 33 35 131 2 1 40 - 130
13C-PaCDF-123 4 65 16 42 77 0 0 40 - 130
13C-PeCDD-123 4 73 32 .83 120 0 ] ' 40 - 130
13C-HXCDF-678 4 82 8| 75 94| 0 o] 40 - | 130
13C-HxCDD-678 4 84 41 3671 138 0 1 40 - 130
13C-HpCDF-678 4 76 7| 71| ss 0 of 25 | - |30
13C-HpCDD-678 & 74 17 - 56 94 ) 4] 0 25 - 130
| 13C-0CDD 4 59 30 = 28 86 o] 0 25 - 130

* Number of routine field samples and duplicates analyzed. Does not include blanks, magrix spukes. or recovery checks.
* Includes comfirmation as well as full screen analysis results.
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Table 41. PCDDIPCDGE Duplicate _§oi| Sample Results

Treated Soil - Test 1

165

1234678-HpCDD 0.418 0.378 10.26 25
‘0CDD - . 15008 5.30 B 95.57 25
2378-TCDF 0218 NC 25
234678-HxCDF 0.27 B 0318| 1379 25
1234678-HpCDF 0.33 NC . 28
OCDF 2.008 0.49 8 121.29 25
Total PaCDD 0.86 NC 25
Total HxCDD . » 0.35 NC 25
Total HPCDD 0.4 0.37 10.26 25
Total TCDF 0.61 1.00 48.45 25
Total HxCDF 0.27 0.31 13.79 25
Total HPCDF 1.30 NC 25
_ Treated Soil - Test 2
1234678-HpCDD " 1.308 NC - 25
ocoD " 21.10B ’ 2.608 156.12 25
2378-TCOF 0.23 B 0.27 8 16.00 25
234678-HxCDF . 0.328B NE 25
OCDF 1.908 NC 25
Total PeCDD 7.30 3.50 70.37 25
Total HxCDD . | 0.57 NC 25 -
Total HpCDD ' 2.40 | NC 25
Total TCDF - 0.23 . 0.27 16.00 ; 25
Total PeCDF 034 o045 77.55 L 25
Total HxCDF . 6.80 0.32 182.02 25
Treated Soil - Test 3 :
123678-HxCDD 0.22 0.11 66.67 25
123788-HxCDD 0.23 ' NC | 25
1234678-HpCDD 2.908 0.77 8 116.08 25
{(cont.)




Table 41. (Continued)

Treated Soif - Test 3
ocoD 14.20 8 12.50 B 12.73 25
2378-TCDF 0.20 B 0.35B 54.55 25
23478-PeCDF 0.16 . " NC 25
123478-HxCDF 0.28 0.08 111,91 25
123678-HxCDF 0.10 : . 0.04 85.71 25
234878-HxCDF _ 0.81 0330 84.21 25
1234678-HpCDF | 1.00 0.18 138.98 25
1234789-HpCDF 0.34 0.06 140.00 25
OCDF : 2.20 1.10 66.67 25
Totsl TCDD o 0.17 NC 25
Total PaCDD 0.21 0.28 28.57 25
Total HxCDD 0.50 0.15 107.69 25
Total HpCDD ’ 2.90 1.30 76.19 25
Total TCDF 0.20 0.35 54.55 25
Total PaCDF C 0.47 0.08 139.29 25
Total HXCDF ) 1.50 0.38° 119.18 25
| Total HpCDF 2.30 0.50 128.57 25

* - Indicates that this compound was not dstacted.

B - Indicates that this compound was detected in & blank.
Q - Indicates that this is an estimated vslue.

NC -Not calculated.
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Table 42. PCDD/PCDF Duplicate Soil Sample Results

Stack Gas - Test 2

2378-TCDD | 2.89E-04 2.98£-04 3.07 25
12378-PaCDD 3.26E-04 2.69E-04 - 19.16 - 25
123478-HxCDD 1.496-03 Q 2.45E€-04 152.29 25
123678-HxCDD 5.95E-04 4.91E-04 19.48 25
123789-HxCDD 2.68E-03 Q 7.366-04 113.82 25
1234678-HpCDD 4.65E-03 B 3.61E-03 8 25.18 25
ocop ' 2.10E-02 B 1.616-02 B 26.42 25
2378-TCDF . 6.46E-03 5.64E-03 13.55 ° 25
12378-PeCDF 2.39E-03 1.69E-03 34.31 25
23475:-Pec0# | 3.76E-03 2.82E-03 38.57 25
123478-HxCDF 9.31E-03 - 7.16E-03 26.11 25
123678-HxCDF 3.72E-03 2.81E-03 " 27.87 25
-23467'8-HxCDF 4.97€-03 B 4.35E-03 B 13.30 25
123789-HxXCDF 6.21E-04 2.05E-04 100.73 25
1234678-HpCDF 1.17E-02 B 9.37E-03 B 22,12 25
1234789-HpCDF 1.716-03 1.17€-03 37.50 25
OCDF 6.29E-03 B 6.48€-03 B, 2.98 25
Total TCDD 3.61E-04 Q 2.98E-04 19.12 28
Total PeCDD 1.96€-03 Q 1.08E-03 Q 57.89 25
Total HxCDD 1.496-02 Q 5.15E-03 97.26 25
Total HpCDD 9.57E-03 7.44E-03 25.04 25
Total TCDF 2.89E.02 Q 2.07E-02 33.06 25
Total PeCDF 3.08E-02 2.48E:020Q 21.58 25’
Total HXCDF 3.41E-02 2.38E-02 35.58 25
Total HpCDF 1.96€-02 "1.55E-02 23.36 25

B - Indicates that this compound was detected in a blank.
Q - Indicates that this value is an estimated value.
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Several of these compounds were aiso found in method blanks where indicated.
Based upon the low sample resuits, no significant impacts on data quality arise from

the duplic’ate results.
Stack Gas Particulates

Particulate data was collected for each of {hé Demohst&ation Tests. Particulate
loading was determined using a gravimetric ﬁrocedure. For Test 1, a primary and a
duplicate sample were collected. Prebision, as indicated by the RPD of the duplicates,
was measured at 35 percent. This exceeded QAPP control limits. This is an
indication that the particulates within the stack were not well-mixed or that there was
a probléfn in the collection of an isokinetic sarr‘;ip‘le., This is in agreement with the high
RPDs associated with the MMT duplicate samples which indicated the: particulate
distribution was not uniform within the stack. As previodsly mentioned, this. may
have been a result of problems associated with the blower_whibh may have caused
irregular flow pgtterns in the stack. Data users should be cautioned that the yalixes
associated with the particulate measurements may have an error range of +35
percent of the measured value. As noted by the particuiate summary results, the
potential error associated with these data has no effect on conclusions pertaining to
_ particulate emission since the reported values were well above the regulatory‘ limits.

This is discussed in further detail in Section 6

|
1
i
|

One field blank (filter) for particulates showed 2.3 mg of loading;, the second blank
showed no particulate loading. These values are very small in comparison to the
catch on actual sample filters and, thereforej, have no significant impact on sample

results.

I
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Chioride-

Chioride content in the stack gas was measured for each test. Chioride samples were

analyzed using ion'chromatogr'aphy. Results of multipoint calibrations and calibration '
checks met laboratory specifications. Three samples were spiked and analyzed.

Spike recoveries were at 95, 89, and 83 percent with a control range ‘;ovf 75 to 125
percent. Prepafgtion blanks prepared for and analyzed with these sampies were fl'eé
of contamination. A laboratory duplicate sample was analyzed, t'hese; results were
comnpared against the original anélysis and yielded an 8 percent RPD. Quality control
parameters for these measurements indicate no limitations on measured results. .

‘Continuous Emission M‘onitoring

Flue gas was monitored continuously for O, b\.' EPA Method 3A, NO, by EPA Method |

7E, SO, by EPA Method 66, CO by EPA Method 10, CO, by EPA Method 3A, and
THC by EPA Method 25A. Samples were collec-ted from the stack throiugh stainless
steel tubing and passed through a series of imp'ir:n‘gers for gas conditioning. Sarhple
gas then passed to a manifold for distribution to each of the monitors.;

Each analyzer was calibrated at the beginning and end of each Demonstration Test.
The calibration consisted of three points which bracketed the averaée concentration
of interest for most compounds. The NO, calibration only Went up to 888 ppm, which
was lower than the average concentration detected for each Demonstration Test. For
Tests 2 and 3, a cylinder that contained 5,070 ppm was used to check tﬁe upper limit
of the c:aiibration (it should be noted that this is close to reported NO, concentrations).
Results of these chécks indicated that the analyzer measurements were within an
average of 5% of the known cylinder value. Calibration checks, zero, énd drift checks

were acceptable for all of the gases for each demonstration test.
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After calibrating the énalyzers for Test 1, audit cylinders were analyzed to check the
calibrations for NO, and CO. Audit cylinders were EPA Protocol No. 1 certified.
Cylinder congentrations were certified at 2,351 ppm for NO, and 40.4 ppm for CO.
Results of these checks showed a RE;D of 2to 3 percent for the NO, and a RPD of 5
percent for the CO. The results of the QC checks associated with the CEMs indicate
that the data obtained are of acceptable quality. | ‘

Physical Property Measurements

Demonstration Test soil samples were analyzed for higher heating value (HHV), bulk
density, and moisture (all non-critical), as well as? chloride content. Quality control
efforts for the HHV consisted of the analysis of known standards three times.
Recoveries of these checks were 99, 99; and 100 percent of the theoretical values.
Three duplicate sample to measure the-precision of;vthe measurements all yielded RPD
of O percent. Four d_uplicates were analyzed- to provide QC for the density
l:z'seasurements. These results yielded identical results for: two samples and a RPD of
0.4 and 2.26 percent for the other two. ‘Moi.stur‘é measur‘er.nents, were performed
twice on. a sample and vielded identical resuits. Quality control for the chloride
measurements consisted of a spiked sample and the analyses of a reference material.
The spike recovery was 85 percent and the reference material was 106 percent of the
theoretiéal value. These results imply that the there are no limitatiohs associated With

the physical properties measurements.

t

AUDIT FINDINGS

At the start of the Demonstration Test, a field Technical Systerhé Review-(TSR) was
conducted by én EPA RREL QA contractor, The reSults of this audit were satisfactory
with only minor concerns which were corrected in the field. Projectorganization and _
QA management were reviewed and deemed .satisfactory for this project. The
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auditors also reviewed the sample custody and Sample shipping. Al procedures were -
being performed in accordance with the QAPP and pertinent DOT regulations.

A review of the sdlid and liquid sampling revealed some concerns with the
compositing of the sdliq samples. Unequél portions of'the feed soil weke being
collected for compositing and placed;in 1-gallon glass jar. Since it was necessary to
collect a minimum of 3.5 liters of sample for all of the required analyticalf parameters,
there was some concern that the sample could hot be mixed as specified in the QAPP.
To remedy these problems, a graduated samplirig device was obtained and equal
quantities of sample were collected for each sampling episode. To mix.the samples
properly'; at the end of the test, the composite sample Was divided into two 1-galion
- jars. Eéch jar was thoroughly mixed and equal quantities of sample were obtained
from_thee jars to fill the individual cohtainers required'for each analysis. l;nStructions
were sent to the laboratory to ensure that the samples were mixed thbroughly to

avoid-sampling only one of the stratified layers.

The audit also consisted of & check of the stack sampling methods. :All of the
sémpling tfains were set-up according to the referenced methods and .:the QAPP.
Some slight modifications that would‘not.signiﬁcantly impact’ sample re‘sdilts were
ﬁoted with fche gas canister samples. One calibration form was miésing for;one of the
Method & consoles; the form was received by fax later that day. A performance

audits were acceptable for each gas. There was some moisture, ‘which h'\ay have
biased the results, noted in the sample line for the THC analyzer. It was suggested
that THC data be obtained from MSE since they had recently passed a previous RREL

Storage of the CEMs since there was no hard copy or data backup if the CEM
computer crashed. This was remedied by supplying a printer and backing up the data
on a floppy disk. '
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The auditors held a debriefing meetmg to ‘discuss their findings with project
management and completed a corrective action recommendations (CAR) form.

The laboratory audit was conducted on August: 15, 1991. The results of this audit
were judged by RREL’s auditor as satisfactory.. ' This was approximately two weeks
after the last Demonstratlon Test sample was received. The audit reviewed QAPP
specific procedures relating to the analysis of these samples. The auditor reviewed
prooedures, documentation, and sample data in several areas of the laboratory. At
the completion of the audit, a CAR identified only two items of concern: (1) it was
not apparent that the concentration of the speclal spiking solutions used for the SW-
846 Method 8270 samples had been verified; and (2) while in the ion chromatography
lab, where the chloride analyses were being performed chloride duplicates were not
run at the frequency speclfled in the QAPP. Additional duphcates were performed on
the ch\oride samples as per the QAPP to c_orrect the problem identified in the audit.

Chioride data quality was not affected. o

An additional laboratory audit, specifically for the VOST analyses was conducted on |
_ August 8, 1991. ThlS audit was performed separately because another subcontractor
laboratory was analyzing these samples the results of the audit were also judged to
be "satisfactory". Changes in procedures which resulted from auditor’s
recommendations included 1) using a different standard for calibration to improve the
response factor precision, and 2) performing a method detection limit study These.
items were addressed and appropriate correctnve action was taken as necessary

Because of this response, data quality was not affected and the data was deemed

satisfactory for accomplishing project objectlves Copies of this and all other audit

reports can be found in Appendix L.




MODIFICATIONS AND DEVIATIONS FROM THE QAPP

Because a substantial amount of time passed between the original apgroval of the

QAPP.and the Demonstration Tesf it was necessary to make some mbdifications to

reflect current laboratory practices. Changes were also made based upon experience -
. gained through pre-demonstratlon actlvmes Below is a summary dlscussmn of each

of these changes and how they have impacted the overall data quality.

®  The target lists for SW-846 Methods 8240 and 8270 were modiﬁéd to reflect
the compounds that were currently being analyzed by the laboratory on a
routine basis. Since the compounds of interest were still included, and the

detection limits were not affected, semivolatile data quality was hot impacted.

©  Microwave digestion was used for metal samples rather that standard SW-846
proced urés. DUrfng pre-demonstration activities, it Was noted th‘at thq SW-846
proced-ures_were not ca‘pable of i:ompletely digesting'the treated Esoil samples.
A microwave digestioﬁ that incbrpdrated thé'use of hydrofluoric écici to better
digest the treated soil Was used on bdth the feed ahd treated soil to provide"
consistency. The basic procedure was a modification of Meth;)d'3051 which
has not yet been EPA-approved. This procedure adequately fulfilled the
objectlves of the Demonstration Test. |

° Lead and thallium were analyzed using ICP rather than the graphite furnace
“method. The quality of these data were non impacted by this change.

° For SW-846 Methods 8240 and 8270, the top 20 Tentatively ldentified
Compounds (TICs) were tentatively identified and seml-quantltated for ea«:h
sample. )
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Sixty grams of the feed soil were analyzed using SW-846 Method 35_50. This
was done to obtain a more representative sample of the feed. The
hexachlorobenzene was spiked in the mixture as a solid crystal and may have
been subjected to high variability if a small extract aliquot was taken. Because
.a large sample size was used, ‘cheséT samples required large dilutions and
surrogate spiking at levels similar 10, tr;a;c bf the hexachlorobenzene spike.
Three surrogates, dg-nitrobenzene, 2-fluorobiphenyl, and d;-methylnaphthalene

where chosen for surrogate spiking because of théir. ability to represent the ~ '

compounds of interest in the feed and their availabilit\}. These modifications

were made to improve the quality of data obtained from the feed samples.

Matrix spikes for metals were modifie& for zinc. Soil that did not contain the
zinc oxide spike was spiked at the feed concentration (28,000 . ppm) to provide
matrix spiké information. The unspiked feed (no zinc) was alsb spiked with
arsenic, cadmium, chromium, and lead at levels approximately five times the

concentrations of the feed samples.

Aluminum, calcium, iron, magnesium, énd potaséium were added to the target
list for all metal parameters. : '

The draft Method 5041 was used in pléce of SW-846 Method 5040 for VOST
analyses. Method 5041 mcorporates the use of a capillary column. VOST data
was not impacted by this change.

. The scrubber and stack samples were spiked with three additional surrogates
becaus;a of the anticipated matrix récovery prbblems associated with the
routine SW-846 Method 8270 acid surrogates. The three surrogates (C'*-
pentachlorophenol, 2,4-dinitrophenol-d;, and 4,6-dinitro-2-methyiphenol-d,)
were selected based upon studies prompted by pre-demonstration results.'

Adding these surrogates enhanced recovery information for these matrices.
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‘Matrix spikes for the feed soil were modified. It was not /feasib‘le to spike the
routine spiking compounds at levels which would be detectable after diluting '
the extracts to'bring the hexachlorobenzeneinto the calibration range. Soitthat
did not contain the hexechlorobenzene sbike was spiked at the feed
concentration; 1,000 ppm of hexachlorobenzene, 'to provide matrix spike
information. This provided an assessment of the recoverebility of the
‘hexachlorobenzene in the feed soil. These samples were .to be re-extracted
with fresh solvent to assist in the evaluation of the extraetion efficiencies of

the feed sampilss.

Composne samples of the feed soil for semlvolatlle and metal analyses were
collected instead of discrete samples as specxfued in the QAPP. This was done

to ensure representativeness of the feed soil samples.

Scrubber solid samples were‘not collected and analyzed as specified in the
QAPP. lnsufflclent quantmes of solids were generated dunng the

‘ ‘demonstratlon to provide enough samples mass for the specnfled analyses.

Gas canister samples of the stack gas that were collected for voletile organics
compound analysis wefe not analyzed. This was an option pfovided in the
QAPP in the event that the VOST cartridges were ;overloaded VCST data was
determined to be of sufficient quality such that the analysis of these samples
was not warranted. ) ‘
- The only samples analyzed for PCDDs/PCDFs were the stack gas arid the
treated soil samples. This Was an option provided byvthe QAPé in the event
that no significant PCDD/PCDF compounds were detected in tHese samples.
Since no significant contamination was detected, the remeining PCDP/PCDF

samples were not analyzed.
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° Duplicate sample analysis for each test series, as outlined in the QAPP would
not be required for volatiles, semivolatiles, metals, and TCLP, During the
laboratory audit, it was noted that this requirement was redundant since these

methods required matrix spike analysis for each matrix.

SPECIAL STUDIES

were prompted by the results of the pre-demonstration test. The first study related
to the recovery of surrogates in the scrubber solution, '

It was noted during the pre-demonstration activities that the routine acid su'rrogates
used from Sw-846 Method 8270 (phenol-d;, z-fluorophenol, and 2.,4,6-

1) A solution of nitric acid was formulated to attain a pH of less that 2, (similar

spiked with a base/neutral/acig (BNA) matrix ‘spfke solution. The spike included
pPentachloropheno] (PCP) and 2-methylnaphthalene, Which_ were two
Ccompounds that may have be present in these matriées during demonstration
testing. After spiking, the XAD was collected and analyzed. Spiked XAD resin




2)

3)

~ and nitric acid solution were analyzed separately along with an XAD resin blank -

. t0 assure proper QA/QC

_RESULTS Nitric acid appeared to have very little effect on the sp:ked XAD

Very small quantities of any of the compounds of interest were transferred to
the eluent and, while recoveries of all BNA splkes from the XAD resin were
low, all were within acceptable ranges. Surrogate spike recovenes were also
acceptable. Matrix compounds spiked separately on the resin and in the nitric
acid solution mdlcated that extraction of these compounds was not a problem.
A separate analysis of blank XAD resin showed that the resin was free of any

contamination.

Scrubber liquor, obtained from the developer, was spnked with the BNA matrix
spike. This was performed in duphcate to determine the precision of the data.
Extraction and analys:s were cond ucted by SW-846 Method 3520 and SW-846

Method 8270, respectlvely

—

RESULTS: Recovery results of the matrix spike for phenol, 2-chlorophenol, and

-4--chlorophenol and the acid surrogate spikes were O percent.

P'en'tachlorophenol (PCP) recovery averaged around 25 percent. Although this
$ a generally low recovery, it is still considered acceptable. Surpnsmgly, 2-
nitrophenol, and 2,4- dxmtrophenol were detected by SW-846 Method 8270.
These compounds were not spiked in the study. It was concluded that the
disappearance of the spike compounds and the appearance of the nitrated

" compounds was caused by the presence of NO, in the scrubber solution which

apparently reacted with the spikes.

Additional scrubber liquor was spiked w:th the BNA matrix solutlon and two
types of analyses were performed on both unspiked and splked scrubber hquor
The two analytical methods were SW-846 Method 8270 and HPLC for PCP '
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4)

analysis only. In édditién, a GC/MS search was performed on both spiked and
unspiked scrubber liquor to tentatively identify and quantify the next 20 highest
peaks which were not part of the 8270 target list.

RESULTS: Results of Study (2) suggested that the nitrification phendrnena
'required further investigation. Results of this study were similar to that of the

-second experiment. Several nitro-phenolic compounds were detected in the
_spiked solution” while no significant ;amounts of these compounds were

detected in the unspiked samples. HPLC analyéis for PCP showed that this
compound remained stable, as would be expected, since it has no open sites
for nitrification. The purpose of HPLC analys:s was to eliminate the questlon
of extraction efficiency; verification that all of the PCP remained was required.
The results of the TICs found other nitrated phenolic compounds which were
not present in the unspiked liquqr. The bresence of the nitrated TICs suggested

that the-matrix spikes were being nitrated.

The final experiment was similar to-the first expenment,except mstead of usmg

nitric acid, scrubber liquor was used in its place.

RESULTS: After determining that nutnflcatlon had occurred in solution it was
necessary to determine if this sample effect could take place on XAD resin. To
test this, scrubber liquor was poured through spiked resin, then the resin and .

" eluent were collected and analyzed. While this is not exactly the same

conditions as collecting a sample with the MMS5 train on site, it was expected
1o give an indication of possible reactions. Carbon-iabeled PCP was also spiked
into these samples to track PCP reactions. . (Note that PCP was originally a
target analyte when these experiments were performed ) Results of these
samples lndlcated that nitrification could occur on the XAD. The experiments
suggested that PCP probably remained stable and therefore would be detected
in both the scrubber solution and gas.

168




These studies concluded that the routine acid surrogates for SW-846 Method 8270
would nof be detected in the scrubber liquors of the XAD resin samples. Therefore
is was neceséary to select surrogates that would be stable in ‘th;ese matfices.‘
Surrogat‘es were selected for spiking and modifications to the QAPP were maade‘
accordingly before the demonstration test began. Aqditional surrogateﬁs used for the
demonstration have been discussed in earliér.portions of this section. As previously
noted‘, pentachlorophenol was originally a target analyte but was later not considered
‘critical to accomplishing projéct objec’ti-ves wheh a different soil was; used‘forv'the

demonstration. Hence, the recovery of acid compounds -became less critical

The second study related to the digestibility of the l"creart'ed soil. It was noted for
vanalyse's conducted during pre-demonstration that the normal SW-§46 digestion
procedures were only able to leach, and not éomplétely digest the treated soil. This
indicated tﬁat these procedures were inadequate for the digestion of this matrix. This
'was obvious from the sample results and from the appearance of the remaining
sampIP in the dlgestate

Experiments were conducted using a lithium-borate digestion which was better afble’
to breakdown the glaSsified sdil' matrix. Since thes-e earlier expérirri'ent"s, microwave .
digestion téchniques were developed and- appeared to be a subeﬁor digestion
procedure. At the time of the Demonstratlon Tests, the microwave digestion
procedure was not an EPA -approved method. The mxcrowave dlgestxon was a
modification of SW-846 method 3051. The modification 1o the method required the
use of hydrofluoric acid in combination with hydrochloric acid and nitric acid to
completely dissolve the sample‘rather than to leach the sample. A total digestion was
necessﬁary for the analyses of the treated soil due to the limited leachability of metals
in this matrnx The method was used for the feed soil samples so values could be
comparable when performing a material balance. ;
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One final study was conducted to determine the effectiveness of the feed soil spiking.
After spiking was completed, samples were c‘ollected. and analyzed for semivolatiles, -
TCLP semivolatiles, and TCLP metals. The results of the semivolatile analyses
ass:sted in identifying special sample requirements for surrogate spiking, sample

dllutlon, and extract clean-up to remove hydrocarbon interference from the diesel fuel.

Results of the semivolatile analysis (with no extract cleanup) found hexach!orobenzene
at 294 ppm, naphthalene at 71 ppm, and 2-methylriaphthalene at 134 ppm. TCLP
semivolatile results identified four leachable constituents: hexachlorobenzene (34.
ppm), 2-methyinaphthalene (21 ppm), naphthalene (10 ppm), and phenanthrene (5
ppm). The TCLP metals analysis identified fonly three metals: barium at 54 ppb,
cadmium at 80 ppb, and.zinc at 960 ppm. Results of these studies indicated that the

spi'king levels were sufficient to evaluate DRE for hexachlorobenzene and leachability

of zinc.

Upon learning of the preliminary results of the semivolatile leachate samples for the
Demonstration Tests, the investigators were sUrprised to learn that hexachiorobenzene
was not detected in the feed soil Ieachate samples To venfy these results fresh
samples were collected of the remammg feed material, before it was sh:pped for’
‘disposal. These samples were subjected to TCLP and analyzed for semivolatiles by
an independent laboratory. The.results of this second analyses confirmed that the
hexachlorobenzene was no longer leachable, hence no further investigations were

conducted.

SAMPLE HOLDING TIMES

Holding times were specified in the QAPP for each analytical parameter. Most

samples were analyzed within the required holding time with the following exceptions:




Description: Semivolatile feed soils SW-846 Method 8270, extract §hdlding time
violated by 2 days.

Samples:  #113 - Test 1 Feed : #243 - Test 2 Feed

. #116 - Test 1 Feed: ~ #206 - Test 2 Feed
 #117-Test1Feed #2065 - Test 2 Feed
#127 - Test 1 Feed Blank #207 - Test 2 Feed

. #166 - Test 1 Feed . #208 - Test 2 Feed

#167 - Test 1 Feed  #204 - Test 2 Feed

#159 - Feed Matrix Spike v _ L.
#160 - Feed Matrix Spike Dup

Cause: - Due to the high levels of hexachlorobenzene in the féed _Sarhples and the
potential interference of the diesel, the feed sample ethacts went
“through extract clean-up. Upon analyzing these samples, it was
- discovered t_haf At»he' 7he>;ac‘:hlo|:obenzene " was - not - detectabﬂe.'w
Investigations within the laboratori/ determined that the n‘e‘utralhalumima
.removed the hexachlorobenzene from the extract. The fréction of the
extract that remained, which went through GPC and not the neutral
aiumina, was analyzed and the hexachlorobenzene was detected.
-Several Shots oh thev mass sbevct'rometer were requiréd ;to bring the
results within the calibration rahge and obtain surrogate recovery
information. These efforts took some time within the laboratory and
valid results were not obtained until two days past the extract. holding
-time.

Impact: In viewing the results of the Test 3 feed soil samples,  which were

analyzed within the required extract -holding time, these results agree

very well. It appears that the integrity of the sample extract was not
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impacted and the results for these samples are useable for calculating
DREs.

CONCLUSIONS AND LIMITATIONS OF DATA ‘

Upon review of all data related to this pro;ect, along with the QC associated with
these results, the data appears to be of sufficient quality to provnde proper evaluation
of the Demonstration Test objectives. Overall most of the QAPP requnrements were
met with regard to precision, accuracy and‘ completeness. There were very few
samples that were lost due to holding time difﬁculties, laboratory preparation, and

poor quality control results.

Among parameters of secondary crifical concern were the semivolatile analyses of the
scrubber samples. As noted during the discussion of these data, poor and highly
variable recoveries were noted for the 8270 and special acid surrogates for somne of
these samples. These results imply that -acid compounds (phenols) may have been
chemically attacked causing new compounds to be formed which are not part of the '
8270 target list. In addition, there may have been analytical problems in the
laboratory. Certainly phenol-dg and 2-Fluorophenol were most likely nitrated and
therefore not detected as suggested by pre-demonstration studies. Whatever the
reason for some samples showing low recovernes the associated semivolatile scrubber
samples contamed a very limited amount of low level target hits, hence these poor
recoveries have limited impact on this project.

One of the limitations that may be associated with these results.relates to the
apparent variability between the duplicate éamples collected of the stack gases. It
" was noted in the partioulate and metal duplicate samples that there was some
variability associated with these measurements. As mentioned in the discussion of

these results, this variability may be due to !ow stack flowrates which were caused
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by a faulty blower during Tests 1 and,2'. The blower was noted as having flow
problems and trouble maintaining the required negative pressure in the reactor
chamber. This could have caused interruptions in stack flow patterns that may have
influenced these samples. ther sources of error in the stack duplicate samples may
“include sample train installation, sample train maintenance or filter changes, and the
‘differences in sampling intervals. If these variables were not exactly the same for the
primary and duplicate trains, some differences can be expected in the results.
'Although there were problems identified with these duplicate samples, the overall
quality of the data is adequate for the objectives of this ;:lroject based upon data used

for evaluating furnace performance.

The stack data for all parameters appear to be sa-tisfactory - Stack flowrate
measurement for all of the sample trains durlng each test were in close agreement

with each other. No significant problems were noted during the review of the data.

VOST samples that were collected were provided adequate data such that the gas -

canisters did riot require analysis. There were only a few target comp'ounds.ln the

VOST tubes that exceeded the calibration range of the GC/MS. These compounds
were benzene ancl chloromethane. It is important to nete that VOST data that
exceecled the callbratlon range was very rare. These few data points that exceeded
the calibration range did not saturate the GC/MS, hence the quantltatlons assoc1ated
with these values appear to be reasonable. Due to the limited volatile emnssnons for

this process, these few data points do not limit the use of these data.

All data presented in this report have NOT been corrected for fleld or laboratory blank

contamination. Where appropriate, the raw data have been flagged when laboratc»ry

method blank contamination is suspected as_interfering- with sample results. Field

blank contamination is not denoted on the raw data. Field blank contamination of

naphthalene was, however, significant for the stack gas samples. Similar values of

naphthalene were detected m the field blank as in routine samples. Naphthalene data

in the semivolatile emission samples is highly suspected as field contamination and,
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therefore, was not used in evaluation of project objectives. Small quantities of several _

metals were found in the field blank for the MMT. The source of this contamination
has not been identified. Most of the contaminant concentrations were small in
respect to routine samples and therefore has a limited nmpact on data qualrty‘ Other
blank contamination was limited in scope and has no direct impact on data assocnated

with this project.

As noted in {he Appendices and the Report, all data has been converted to a Ibs/100
Ibs feed basis where appropriate. This was done to facilitate the engineering review
of these data. Feed rates for each test were targeted at 120 Ibs/hr. Because of
process interruptions and unforseen events, this feed rate was not precisely achieved
for each test. Feed rates were determined by summing the total feed material fed to
the unit divided by the total time required to feed this material minus any process
interruptions. These parameters were obtained by the evaluation of field notes,
process logs, and field observation. There may ‘be a limited amount of error
associated with this evaltiation which does not significantly affect the calculated

results.

No information was obtained for the second extraction of a feed sample to determine
if hexachlorobenzene was completely extracfed from the soil during normal extraction
procedures. This procedure was placed in the QAPP as a precautionary measure to
evaluate extraction efficiency if the hexachlorobenzene was recovered poorly from
feed s-arhples. The laboratory did extract a sample twice, but accidently combined the
two extracts and analyzed them as a single Sample. Fortunately, hexachlorobenzene
was recovered in the routine feed samples at anticipated pre-spiked levels and the
results of this study were not necessary. Therefore data quallty has not suffered from
the loss of this study.

|n closing, data generated for this project is rated as satisfactory and is of sufficient
quality to provide for the proper evaluation of test objectives.
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