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FOREWORD

The U.S. Environmental Protection Agency is charged by Congress with protecting the Nation’s land,
air, and water resources. Under a mandate of national environmental laws, the Agency strives to formulate and
implement actions leading to a compatible balance between human activities and the ability of natural systems
to support and nurture life. To meet this mandate, EPA’s research program is providing data and technical
support for solving environmental problems today and building a science knowledge base necessary to manage
our ecological resources wisely, understand how pollutants affect our health, and prevent or reduce environmental
risks in the future.

The National Risk Management Research Laboratory is the Agency’s center for investigation of
technological and management approaches for reducing risks from threats to human health and the environment.
The focus of the Laboratory’s research program is on methods for the prevention and control of pollution to air,
land, water and subsurface resources; protection of water quality in pubhc water systems ; remediation of
contaminated sites and ground water; and prevention and control of indoor air pollution. The goal of this research
effort is to catalyze development and implementation of innovative, cost-effective environmental technologies;
develop scientific and engineering information needed by EPA to support regulatory-and policy decisions; and
provide technical support and information transfer to ensure effective implementation of environmental
regulations and strategies.

This publication has been produced as part of the Laboratory’s strategic long-term research plan. It is
published and made available by EPA’s Office of Research and Development to assist the user commumty and
to link researchers with their clients. ‘

E. Timothy Oppelt, Director
National Risk Management Research Laboratory
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ABSTRACT

At the request of EPA Region IIT and U.S. Army Corps of Engineers, a series of six tests was
conducted at the U.S. EPA Incineration Research Facility (IRF) to evaluate the incinerability of the fluff waste
and contaminated soil from the M. W. Manufacturing Corporation Superfund site in Danville, Pennsylvania.
Both materials are contaminated with volatile organic compounds (VOCs), semivolatile organic compounds
(SVOCs), chlorinated dioxins and furans, and several trace metals, including antimony, arsenic, barium,
cadmium, chromium, copper, lead, nickel, silver, and zinc. Copper and lead, in particular, are at very high
concentrations in both the fluff and waste and contaminated soil. The fluff was incinerated at two kiln exit gas
temperatures: nominally 871° and 760°C (1,600° and 1,400°F). The soil was incinerated only at the higher kiln
 exit gas temperature of 871°C (1,600°F). Each test was run in duplicate (i.e., two tests were performed for each
incinerator feed/kiln temperature combination). The afterburner exit gas temperature for all tests was nominally
at 1,090°C (2,000°F). The primary air pollution control system consisted of a venturi/packed column scrubber
system followed by a flue gas reheater and baghouse.

Test results showed that greater than 99.99 percent DRE of the VOC and SVOC contaminants was
uniformly achieved. HCI emissions were well below 1.8 kg/hr and system HCl control efficiencies well above
99 percent. Particulate emissions at the baghouse exit were well below 34 mg/dscm (0.015 gr/dscf) corrected
to 7 percent O,, a guideline level announced in the draft waste combustion strategy in May 1993. Baghouse exit
~ flue gas total chlorinated dioxin/furan levels were well below 30 ng/dscm corrected to 7 percent O,, another draft
combustion strategy guideline. Incineration effectively decontaminated both the fluff waste and soil of their VOC
and SVOC contaminants. However, the kiln ash discharge from the incineration of contaminated site soil at a
kiln gas temperature of 871°C (1,600°F) contained total chlorinated dioxin/furan concentrations of 2.4 to
3.6 pg/kg. Levels in the kiln ash from fluff incineration at the same temperature were 65 to 89 pg/kg, and
significantly increased, at 830 to 2,700 pg/kg, for incineration at a kiln gas temperature of 760°C (1,400°F).
In addition, the flue gas particulate collected as baghouse ash for all tests was a cadmium- and lead-contaminated
toxicity characteristic (TC) hazardous waste.

This report was submitted in fulfillment of Contract No. 68-C9-0038 by Acurex Environmental

Corporation under the sponsorship of the U. S. Environmental Protection Agency. This report covers a period
from October to December 1993, and the work was completed as of December 7, 1993.
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SECTION 1

INTRODUCTION

One of the primary missions 'of the Environmental Protection Agency’s (EPA’s)
Incineration Research Facility (IRF) is to support Regional Offices in evaluations of the
7 potential of incineration as a treatment option for wastes and other contaminated materials at
Superfund sites. One priority site is the M. W. Manufacturing site in Danville, Pennsylvania.
EPA Region III and the U.S. Army Corps of Engineers (USACE) requested that a pilot-scale
test program be conducted at thé IRF to support evaluations of the suitability of incineration as
a treatment technology. for wastes and contaminafed soil at the site.

The M. WT Manufactur‘ing site began operation in 1966. M. W. Manufacturing
Corporation reclaimed copper from scrap wire using both mechanical and chemical processes.
Reclafnation activities began in 1969 and continued until 1972 wheﬁ M. W. Manufacturing filed
for bankruptcy. The .chemical recovery processes used By M. W. Manufacturing led to site
contamination with volatile organic'solvents.: Warehouse 81, Inc., acquired the site in 1976 and
began mechanical recovery operations from the existihg waste piles onsite. The mechanical
recovery operations genefated large volumes of waste material, termed fluff.

The vﬂuff waste produced by the mechanical stripping process consists of ﬁbmus
insulation matérial mixed with plastic. Phthalate esters, <.:opper, and lead are the major
contarﬁinants in this material. The chemical recovery process used by M. W. Manufacturing was "

a two-step process. The first step involved the use of a hot oil bath to melt the plastic insulation
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away from the metal in the scrap wire. Residual oils were reméved from the separated copper
in the second step through the use of chlorinated solvents, includihg trichloroethene and
tetrachloroethene. Thus, these soivénts are waste and soil contaminants at the site,

The June 1990 record of decision (ROD) document for the site identified ﬁvev?r stes
and contaminated materials for remedial treatment:

o  Fluff waste piles |

®  Organic- and trace-metals-contaminated surface soils

®  Organic- and trace-metals-contaminated subsurface soils

N | Lagoon water

®  Contents of drums and tanks
Onsite incineration was identified as the selected treatment for the fluff and the Soil,>with
possible stabiﬁzation of th¢ incineration ash prior to landﬁﬂ‘disposal. Other, non;ixlcineration
remedies were selected for treating the lagoon water and the drum/tank contents.

Region ITIT requested‘the pilot-scale tést program at the IRF to suppc;rt the further
progress of the remediation of the site, aﬁd specifically to supply data on opti;num incineration
conditions for both fluff waste and contaminated soil to the remediation design effort. The
specific objectives of the IRF test program were defined as follows:

®  Verify that the fluff waste and the contaminate;l soil at the site can be incin‘erated

iﬁ compliance with the hazardous waste inciner_ato;‘ performance standards and

permit requirements of:

—  99.99 percent principal organic hazardous constituent (POHC) destruction
and removal efficiency (DRE) V

— HCl emissions less than 1 percent of the air pollution control system (APCS)

inlet flowrate or 1.8 kg/hr (4 Ib/hr), whichever is greater
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—  CO emissions of less than 100 ppm at 7 percent Oé, 1-hour rolling average
and the performénce guidance announced in 1993 of:
—  Particulate emissions of less than 34 mg/décm (0.015 gr/dscf) corrected to
7 percent O, | A
—  Total tetra- through octa- polychlorinated dibénzo-p-dioxin and poly-
chlorinated di!)e_nzofuran (PCDD/PCDF) emiSsions.of less than 30 ng/dscm
corrected to 7 percent O, | '
Measure the effectiveness of iﬁcineration treatment in decontaminating fluff and |
*soil of their organic contaminants and evaluate whether iﬂcineration temperature
affects the effectiveness of fluff decontamination
Measure the distribution of the contaminant metals in the fluff and the
- contaminated soil among the incineration éystem discharge streams
Determine whether the bottom ash residue and the APCS discharges from the
incineration of fluff and contaminated soil will be toxicity characteristic‘ (TC)
hazafdous wastes |
Determine whether the bottom ash residue from the in_cineration‘ of contaminated

soil meets the cleamip levels for soil givén in the ROD

To address these objectives, a series of seven tests was performed in the rotary kiln

incineraﬁon system (RKS) at the IRF. Results of this test program are discussed in this report.

~ Section 2 of the report describes the IRF’s RKS in which the tests were performed. Section 2

also discusses the composition of the fluff waste and contaminated soil incinerated in the tests,

and the test incinerator systern' operating conditions. The sampling and analysis procedures

employed during the tests are discussed in Section 3. Section 4 presents the test results.

. Section 5 summarizes the test program conclusions. Section 6 discusses the quality assurance
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(QA) aspects of the test progrém. The Appendices provide a cofnplete déta set from which

information of interest can be extracted for further study.
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SECTION 2

FACILITY DESCRIPTION,
WASTE CHARACTERISTICS, AND TEST CONDITIONS

A description of the RKS is presented in Section 2.1. Section 2.2 describes the
composition and characteristics of the fluff waste and contaminated soil as reported in earlier
site remedi;a.l investigation reports. The test matrix and incinerator operating conditions are
discussed in Section 2.3.

2.1 ROTARY KILN INCINERATION SYSTEM DESCRIPTION

A ﬁrocess schematic of the RKS is shown in Figure 2-1 and the system design
characteristics are listed in Table 2-1. The RKS consists of a rotary kiln primary combustion
chamber; a transition section, a fired afterburner chamber, and an afterburner extension for flue
gas flow conditioning to allow isokinetic sampling of afterburner exit flue gas. After exiting the
afterburner extension, flue gas flows througha queﬁch section followed by a primary éir pollution
control system (APCS). lThé initial element of the primary APCS for these tests consisted of a
_ venturi/packed column scrubber system which removes most of the coarse particulate and acid
gas such as HCI in the flue gas. Downstr;eam of the scrubber system, a 100-kW electric
resistance heater geheats the flue gas to about 120°C (250°F) which is.abou't 22°C (40°F) above
the saturation temperature.- A fabric-ﬁiter baghouse downstream of the reheater removes most

of the remaining flue gas particulate. Reheating the flue gas prevents moisture condensation in ,

the ‘baghouse, which if allowed to occur, would adversely affect baghouse operatibn. The flue
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TABLE 2-1. DESIGN CHARACTERISTICS OF THE IRF ROTARY KILN INCINERATION
SYSTEM

Characteristics of the Kiln Main éhamber

Length

Diameter, outside
Diameter, inside
Chamber volume
Construction
Refractory

Rotation
Solids retention time
Bumner
Primary fuel
Feed system:
Liquids
Sludges
Solids .
Temperature (max)

226 m (7 ft-5 in)

137 m (4 ft-6 in)

Nommal 1.04 m (3 £t-4.75 in)

1.90 m® (672 £%)

0.95 cm (0375 in) thick cold-rolled steel .

18.7 em (7375 in) thick high alumina castable refractory, variable depth to produce a
frustroconical effect for moving solids

Clockwise or counterclockwise, 0.2 to 1.5 rpm

1 hr (at 0.2 rpm)

North American burner rated at 590 kW (2.0 MMBtu/hr) with liquid feed capability
Natural gas

Positive displacement pump via water-cooled lance
Moyno pump via front face, water-cooled lance
Metered screw feeders or fiberpack ram feeder
1,010°C (1,850°F)

Characteristics of the Afterburner Chamber

Length

Diameter, outside

~ Diameter, inside

" Chamber volume
Construction

* Refractory

Gas residence time
Burner

Primary fuel
Temperature (max)

3.05m (10 ft)

1.22 m (4 ft)

091 m (3 ft)

1.80 m® (636 ft)

0.63 cm (0.25 in) thick cold-rolled steel

15.2 cm (6 in) thick high alumina castable refractory

0.8 to 1.5 s depending on temperature and excess air

North American Burner rated at 590 kW (2.0 MMBtu/hr) with liquid feed capabihty
Natural gas

1,200°C (2,200°F)

Characteristics of the Afterburner Extension

Length, with transition
sections

Diameter, outside
Diameter, inside
Chamber volume
Construction
Refractory
Temperature (max)

443 m (14 ft-6.5 in)

0915 m (3 ft)

06Lm (2 1)
. 119 m? (419 1)

0.63 cm (0.25 in) thick cold-rolled steel
15.2 cm (6 in) thick high alumina castable refractory
1,200°C (2,200°F)

Characteristics of the Ventun/Packed-co!umn Scrubber APCS
System capacity, inlet gas 107 m3/min (3 773 acfm) at 1,200°C (2,200°F) and 101 kPa (14 7 psia)

flow

Pressure Drop
Venturi scrubber
Packed column

Liquid flow
Venturi scrubber
Packed column

pH control

7.5 kPa (30 in WC)
1.0 kPa (4 in WC)

77.2 L/min (20.4 gpm) at 60 kPa (10 psig)
116 L/min (30.6 gpm) at 69 kPa (10 psig)

Feedback control by NaOH solution addition
: (continued)
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TABLE 2-1. (continued)

Characteristics of the Baghouse Collector
System capacity, inlet gas 70 m3/min (2,500 acfm) at 120°C (250°F)

flow
Operating temperature  200°C (400°F)
Operating pressure +12.4 kPa (50 in WC)
Diameter 1.8 m (6 ft)
Overall height 42 m (13 ft, 8375 in)
Filter elements (bags)

Material 16 oz. Nomex

Length ‘ 18 m (6 ft)

Number V 69
Total filter area 45 m? (488 fi2)
Material of construction

Collector internals 304 SS

Airlock- 316 SS

Venturi nozzles Aluminum
Insulation Heat loss less than 8.8 kW

(30,000 Btu/hr) at 200°C (400°F) °

gas reheat/ baghouse’system was installed just prior to the initiatioh of these tests,iin large part
‘to satisfy‘a Region III request.

Downstream of the baghouse, a backup secondary APCS, comprisédu of an activated-
carbon adsorber and a high—efﬁciency particulate air (HEPA) filter, is in place for further control
of‘orge'mic compound and particulate emis'sions.' The main components of the RKS ana 1ts A].’CS
are discussed in more detail in the following subsections.

"2.11  Incinerator Characteristics

| The rotary kiln combustion chamber has an insidé diameter of 1.04-m (40.75-in) and is
2.26-m (7-ft 5-in) long.’ The chamber is lined with refractory formed into a frustroconical shape
to an average thickness of 18.7 cm (7375 in). The refrac}ory is encased in a 0.95-cm (0.375-in)
thick steel shell. Total volume of the kiln chamber; including the transition section, is 1.90 m3
(67.2 ft3). Four steel rollers suppért the kiln barrel. A variable-speed DC-motor coupled to a
reduéing gear .transmission turns the kiln. Rotation sﬁeeds can be variea from 0.2 to 15 pm. -

For these tests the kiln rotational speed was 0.2 rpm.
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The afterburner chamber has a 0.91-m (3-ft) inside diameter, and is3.05 m (10 ftj long. 7
The afterburner wall is constructed of a 15.2-cm (6-in) thick layer of refractory encased in a |
0.63 cm (0.25 in) thick carbon steel shell. The volume of the afterburner chamber is 1.80 m3
(63.6 £t3). |
2.2  Air Pollution Control System
For this test program, the RKS primary APCS gonsisted of the venturi scrubber/packed-
column scrubber combination, followed by a flue gas reheater and a baghouse. The flue ga.s
exiting the afterburner passes through the »refriactory-lined transfer section and enters the quench
section, where the flue gas temperature is reduced to approximately 82°C (180°F) by direct
injection of aqueous caustic scrubber liquor. The cooled flue gas fhen enters the venturi
scrubber, which is fitted with an automatically adjustable-area throat. The scrubber is desig;iled
to operate at 6.2 kPa (25 in WC) differential pressure, with a maximum liquor flowrate of
77.2 L/min (20.4 gpm). The scrubber liquor, again an aqueous caustic solution, enters at the top
of the scrubber and contacts the flue gas to remove entrained particles and, to some degree, acid
vgases. | |
- Downstream of the venturi scrubber, the ﬂue gas enters the packed-column scrubber,
where additional acid gas and particulate cleanup occurs. The scrﬁbber column is i)acked with
5.1 cm (2 in) diameter polypropylene ballast saddles to a depth of 2.1 m (82 in); It is designed
to operate at 1.0 kPa (4 in WC) differential pressure, with a maximum liquor flowrate of
116 L/min (30.6 gpm). | | )
| The quench, venturi scrubber, and packed-column scrubbers receive their scrubber liquor
from the same recirculation éystem. This liquor is a dilute aqueous NaOH solution, the pH of
which is monitored continuously by a pH sensor. An integral pH controller automatically meters

the amount of NaOH needed to maintain the setpoint pH for proper acid gas removal.
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Fonbwing the quench, venturi scrubber, and packed-column scrubber systems, the flue
gas is reheated to about 120°C (250°F) by a 100-kW- electric duct heater, and then passed
through the baghouse. The baghouse removes most of the remaining flue gas particulate.
Reheating the flue gas ensures.that no moisture condenses in the baghouse, which can ad(rersely
affect its operation.

In a typicz.ll commercial incinerator System, the flue gas would be vented to the
atmosphere downstream of the baghouse. Howeve;, at the IRF, a backup APCS is in place to
further clean up the flue gas. The flue gas exitmg the baghouse is passed through a bed of
activated carbon to allow the vapor-phase organic compounds to be adsorbed. A lset of HEPA

| filters designed to remove aﬁy remaining suspended particulate from the flue éés is located
downstream of the carbon bed. An iﬂduced-araft (ID) fan draws and vents the treated flue gas
to the atmosphere. . |
22 TEST WASTE CHA_RACTERISTICS
| Data on the contaminant conéentrations in the fluff waste and the surface and
subsurface soil at thé site, taken from the site record of decision (ROD) document, are
~ summarized in Table 2-2. Only contaminants present at an average concentration of 1 mg/kg
or greater in one or more contanﬁnated site mafrik are Hsted in the table. The data in Table 2-2
sho@ that the major site contaminants are the two phthalate esters, bis(2-ethylhexyl)phthalate
(BEHP) and di-xi-octylphthalate (DNOP). Thus, these compounds would be considered the
POHCs in the site wastes. In addition, Region IIl was interested in establishing that
tetrachlorpethene is effectively destroyed by incinerétion, so tetrachloroethene was also aeﬁned
to be a POHC. Site wastes are also hlghly cdntaminated with copper and lead, with lesser,

though still significant, amounts of antimony, barium, chromium, nickel, and zinc.
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TABLE 2-2. M. W. MANUFACTURING SITE WASTE CONTAMINANTS FROM THE ROD

Concentration, mg/ke

Maximum average

Fluff Surface soil subsurface soil
Range over Range over
Contaminant 17 samples Average 21 samples  Average Range Average Depth
Volatile Organic Constituents
2-Butanone 2.8-64 1.6 -4 - upto39 078 16-18
Tetrachloroethene 0.72-18.0 44 0.023-67 10 0.001-1,600b 56 4-6
Trichloroethene - - 0.002-21 1.0 0.002-2.6 217 12-14
1,1,2-Trichloroethane - — 0.003-2.8 0.28 - up to 54 11 16-18
1,2-Dichloroethene - - 0.002-10 0.49 0.004-0.58 0.04 8-10
Methylene chloride “up to 7.7 0.45 up to 0.83 0.04 - - -
~ Semivolatile Organic Constituents .
Bis(2-ethylhexyl)phthalate 72,000-230,000 149,000 3.9-3,000 836 0.30-30,000° 1,480 ~ 12-14
Di-n-octyl phthalate 1.800-13,000 4,400 0.2-140 37 0.038-150 7,850 0-2
Di-n-buty] phthalate - - 0.48 0.02 0.036-130 39 0-2
PCB-1254 0.90-18.1 94 0.061-3.7 0.21 0.077-1.0 0.043 0-2
Trace Metals
Antimony 80-143 65 62-118 16 - - -
Barium 20-232 93 22-107 74 47-218 107 0-2
Cadmium 0.65-4.4 24 12-12 20 1-13 1 0-2
Chromium 24-59 40 7.1-59 27 14-70 20 0-14
Copper 5,910-130,000 50,000 742-171,000 21,600 24-38,900 1,850 12-14
Lead 1,600-3,600 2,400 329,770 1,450 7741 160 16-18
Nickel 4.1-15 4.6 8.5-40 22 42-50 46 68
Silver 1.6-5.7 18 8.6 04 - - -
Zinc 135-2,580 620 55-787 240 56-319 144 68

*—~ = Not reported.

®Maximum value in range represents an estimated value above minimum detection limit but below lowest calibration standard (“J" flag).




Samples of the fluff waste and surface and subsurface soil were sent to the IRF for
characterization analyses. Results of the analyses afe summarized in Table 2-3. ‘As shown, the
soil characterization samples had contaminant concentrations in the .range reported in the ROD.
Contaminant concentratiohs in the fluff waste characterization samples were also in the range

reported in the ROD for most contaminants. However, the fluff characterization sample

TABLE 2-3. M. W. MANUFACTURING SITE CHARACTERIZATION SAMPLE ANALYSIS

RESULTS
Sample
Parameter Fluft Surface soil  Subsurface soil

Characterization

Moisture, % _ 7.7 18 9.8

Ash, % .

at 550°C 41 77 89
at 900°C 14 76 90
Heating value, MJ/kg : 6.50 0.07 Will not burn
' (Btu/Ib) (2,800) (30)

Volatile Organic Constituents, mg/kg

Tetrachloroethene 146 69 18

1,1,2-Trichloroethane 4.8 1.5 ND?*
Semivolatile Organic Constituents, mg/kg

BEHP . 124,000 47.6 ’ 4.62

DNOP 17,800 1.95 ND
Trace Metals, mg/kg

Antimony 230 51 <5

Barium 64 60 78

Cadmium 3.5 <0.2 0.93

Chromium 57 30 21

Copper 31,000 8,300 160

Lead 2,700 1,800 - 180

Nickel ‘ 6.1 15 31

Silver 4.0 <0.4 <04

Zinc 890 76 | 62

aND = Not detected.
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contained substantially more tetrachloroethene, 1,1,2-trichloroethane, DNOP, and antimony that
did fluff samples reported in the ROD.

Characterization samplés received were also analyzed for | hazardous waste
characteristics, including the preparation and analysis of toxicity characteristic leaching procedure
(TCLP) leachates of the samples. Results are summarized in Table 2-4.

The two semivolatile POHC:s in site materials, BEHP and DNOP, are poor candidates
for testing the incineration process with regard to destroying other site Awaste organic

contaminants because they are ranked as relatively easy to thermally destroy compounds in the

TABLE 2-4. M. W. MANUFACTURING SITE CHARACTERIZATION SAMPLE
HAZARDOUS WASTE CHARACTERISTICS ANALYSIS RESULTS

Fluff Surface Subsurface Regulatory

Characteristic waste soil soil level
Reactivity. -S, mg/kg <0.01 <0.01 <0.01 Contains
Reactivity -CN, mg/kg 1<0.01 <0.01 <0.01 and reacts
Corrosivity, pH : 6.85 8.15 637 <2, >12
Ignitability, °F >200 >200 >200 <140
TCLP leachate, mg/L ‘

Arsenic <0.10 <0.10 <0.10 50
Barium 0.10 0.37 0.21 100
Cadmium 0.11 0.07 0.07 1.0
Chromium 0.11 0.09 0.09 - 5.0
Copper ‘ 199 = 158 1.88 -A
Lead 3.1 32 0.20 5.0
Mercury _ <0.002 <0.002 <0.002 0.2
Nickel <0.01 <0.01 <0.01 —_
Selenium <0.10 <0.10 <0.10 =~ 1.0
Silver <0.01 <0.01 <0.01 5.0
Zinc 51 0.49 0.12 -
Pesticides and other organics NDP ND ND

&_ = No regulatory level.
®ND = Not detected at detection limits ranging from 0.004 to 0.01 mg/L. -
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thermal stability based incinerability ranking (Reference 1). This ranking groups the 333
compounds ranked into seven stability classes from most stable, or most difficult to destroy
(Class 1), to least stable or‘easiest to destroy (Class 7). Both BEHP and DNOP are ranked in
Class 6, or relatively easy to destroy. To present a challenge to the incineration process and
develop data that suggest incineration is capable of a{chieving ;uﬂiciqnt DREs for other site
organic contaminants, the test waste materials were spiked with naphthalene, a Class 1 (most
difficult to destroy) POHC, at 2 perceﬁt by weight. This spiking level allows DREs of over
99.999 percent to be quantitated at easily achieved flue gas sampling and analysis method
quantitation limits. In addition, it was decided to spike the volatile POHC, tetrachloroethene,
into test materials at a level of 3,100 mg/kg by weight. Tetrachloroethene is a Class 2 POHC.
Spiking was needed because site material concentrations of tétrachloroethene were too low to
allow establishing 99.99 percent DRE at achievable ﬂué gas concentration quantitation limits.

Prior to initiating the test program, aﬂ test feed material was packaged into 1.5-gal
(5.7-L) polyethylene (PE)-bag-lined cubical cardboard containers for feeding to the RKS. For
fluff packaging, the contents of three 55-gal (208-L) shipment drums (of the 14 fluff-containing
drums received at the IRF for testing) were emptied into a 250-gal (946-L) mixing trough. The
" trough contents were manually mixed with hoes until visually homogeneous. Trough contents
were then used to fill feed containers. Each container was filled with about 1.8 kg (4 Ib) of
mixec{ fluff. A mixed trough would fill 150 containers, with a small quantity left over. This small
quantity would be combined with the next three drums added to the trough for mixing;

This mixing process resulted in four fuﬂ-trough fluff batches, with each batch used to
package 150 feed containers. All containers from a given batch were placed on a pallet for
short-term storage, resulting in four 150-container pallets. A fifth partial-trough batch was used

to package a final 120 feed containers, which were placed on a fifth pallet. The containers on
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the fifth pallet were used during scoping tests to verify the ability to feed the test material and

_maintain target RKS operating conditions. For each of the actual four fluff incineration tests
performed, essentially equal numbers of containers were randomly vselec;ted from each of the first
four pallets to constitute the feed materials for the test.

Naphthalene was added to each fluff-filled box as a preweighed count of solid
naphthalene crystals (36.4 g) contained ina 60-mL high-density polyethylene Cﬂ)PE) bottle with
a polypropylene screw cap closure, weighing about 14.4 g. The tetrachloroethene (5.6 g) was
added in a 4-mL HDPE bottle, with a polypropyléne screw cap closure, weighing 2.6 g. Feed
boxes were spiked the day before a given test by imbedding the HDPE bottles in the feed box
contents. The box polyethylene liner was then closed with a plastic tie, and the box itself closed
and sealed with paper packaging tape. |

Contarrﬁnated soil for testing was similaﬂy mixed, except that all five of the drums of
soil received at the IRF for testing (whether surface, subsurface, or mixed not specified) were
mixed in one trough mixing exercise. Mixed soil was packaged into the 120 feed containers, each
containing about 4.5-kg (10-1b) of soil. The naphtl;alene spﬁce added the day before a soil test
was 909 gina i25—mL HDPE bottle, and the tetrachloroethene spike was 14.5 g m an 8-mL
bottle.

23 TEST CONbHIONS

The test program completed' consisted of seven tests. Of these seven, two sets of
duplicate tests feeding fluff waste alone and one set of duplicate tests feeding contaminated soil
alone were performed. The two sets of fluff feed tests weré conducted at different kiln
combustion gas temperatures. Soil and fluff were separately tested because the eventual site

remediation may treat each material separately for logistical reasons. In addition, Region 41
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requested data to determine whether the ash from incinerated soil alone would meet the cleanup
levels given in the ROD. The target test operating conditions were as given in Table 2-5.

A seventh test, denoted Test 0 in Table 2-5, was performed as a blank burn. Only feed
Ppackaging materials — the cardboard box, PE bag liner, HDPE spike bottles (no POHC spike)
withrclosures, plastic tie, and paper Ytape — were fed to the RKS for the blank burn.

For all tests, the target afterburner exit gas temperature was 1,090°C (2,000°F). The
venturi/ pacl;ed-column scrubber and baghouse APCS units were operated at their normal design
settings. Kiln rotation rate was set to give a 30-minute kiln solids residence time.

The targét average test material feedrate was 54.5 kg/hr (120 Ib/hr) for all tests except
the blank burn. Test materials were fed to the RKS via the fiberboard container ram feed
system. A total of 30 containers per hour (one container every 2 minutes) was fed to achieve
thé target feedrate for the fluff tests; 12 containers p;er‘hour (one container every 5 minutes)
were fed to achieve the target feedrate for the soil tests. The blank burn was conducted feeding
30 containers (no waste or soil) per hour.

For all tests, the scrubber system was operated at its design settings, listed in Table 2-6,

and at as close to total recirculation (zero to ‘minimum blowdown) as possible. Given the

TABLE 2-5. TEST MATRIX

Targei kiln exit gas temperature,

" Test ' Feed . °C (°F)
0  Packaging container material 870 (1,600)
1  Fluff 870 (1,600)
2 Duplicate of Test 1 ’
3 Soil 870 (1,600)
4  Duplicate of Test 3
5  Fluff 760 (1,400)
6  Duplicate of Test 5
2-12




TABLE 2-6. APCS OPERATING CONDITIONS

Venturi liquor flowrate 76 L/min (20 gpm)
Venturi pressure drop 6.2 kPa (25 in WC)
Packed tower liquor flowrate. 115 L/min (30 gpm)
Scrubber liquor temperature  49°C (120°F)

Scrubber blowdown rate 0 L/min (0 gpm) or minimum operable

relatively short (nominally 4 to 5 hours) duration of a test, no operational problems due to solids
buildup in the scrubber liquor occurred even at total recirculation. For the fluff waste and blank
burn tests, kiln ash was continuously deposited in initially clean 20-gal (76-L) drums plac.ed in
thevRKS ash pit. For the soil tests, kiln ash was continuously removed from the kiln ash hopper
via an ash auger traﬁsfer system and debosited into 55-gal (208-L) drums. |

The actual kiln and afterburner | operating conditions achieved for each test are
summarized in Tables 2-7 and 2-8, respectively. Table 2-9 provides a similar summary of the
APCS oper'ating conditions for each test. Continuous emission monitor (CEM) data are
summarized in Table 2-10. The ranges and averages of the temperature, CEM, gind scrubber pH
data presented in Tables 2-7 thrdugh 2-10 were developed for the periods of the flue gas
sampling, using the data automatically recorded by a personal computer-based data acquisition
system. The values given for the remaining parameters were derived from the cbntrol room
logbook da*a.

Transcribed data from the control room logs of the operating parameters, recorded at
15-minute intervals, are given in Appendix A. Appendix B contains graphic presentations of the
flue gas temperature and continuous emission monitor data for the kiln and afterburner.
Appendix B also contains graphic presentations of the scrubber exit and stack flue gas continuous

emissions monitor data. These data plots were based on incinerator system conditions recorded
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TABLE 2-7. KILN OPERATING CONDITIONS

—— -
Test 0 Test 1 Test 2 Test § Test 6 Test 3 Test 4
Parameter (10/27/93)  (11/9/93)  (11/16/93)  (11/18/93)  (11/23/93)  (12/1/93) (12/2/93)
Average natural gas sem/hr 33 2 23 13 14 30 3t
feedrate, © (scfh) (1,156) (778) (820) (475) - (507) (1,065) (1,085)
kW 339 228 240 139 149 312 318
(kBtu/hr) {1,156) (778) (820) (475) (507) (1,065) (1,085)
Average combustion air sem/hr 26 214 205 191 174 200 198
flowrate, : ~ (sch)  (7970) (7,560) (7,250) (6,760) (6,140) (7,070) (6,990)
Ave.rage total air flowrate scm/hr 679 1,054 1,067 1,000 1,008 . 675 673
(includes inleakage), (scfh)  (23,980) (37,200) (37,670) (35,300) (35,610) (23,840) (23,750)
Average draft, Pa 7 7 7 5 7 s 5
~ (in WC) 0.03 0.03 0.03 0.02 0.03 0.02 0.02
Exit gas temperature, Range, °C 842-898 827-921 814-918 716-804 724-807 853-912 862-894 -
(°F) (1,548-1,648) (1,520-1,689) (1,498-1,685) (1,321-1,479)  (1,336-1,484)  (1,568-1,674) (1,583-1,642)
:-j Average, °C 871 883 87 . 762 %7 876 874
& ChH  (159) (1,622) (1,608)  (1,403) (1,412) (1,609) (1,606)
Exit gas O, Range, %  84-134 7.7-14.0 82-146 8.7-14.2 9.0-14.0 80135 77131
Average, % 11.6 10.9 11.0 118 11.8 11.1 109
Average waste feedrate, kg/hr 5 60 59 61 61 59 59
(Ib/hr) (12) . (13 (130) (134) (134) (130) (130)
Average waste heat input, kW 10 224 218 ) 224 30 3
(kBtu/hr) (34) (765) {743) (774) (765) (104) (104)
Total heat input, kW 349 452 458 - 366 373 342 348
(kBtu/hr) (1,190) (1,543) (1,563) (1,249) (1,272) (1,169) (1,189)

Calculated combustion gas
residence time, seconds 25 16 16 1.6 19 25 25

——




S1-¢

TABLE 2-8. AFTERBURNER OPERATING CONDITIONS

—————————— —
A Test 0 Test 1 Test 2 Test 5 . Test 6 Test 3 Test 4
Parameter (10/27/93) (11/9/93) (11/16/93)  (11/18/93)  (i1/23/93) (12/1/93) (12/2/93)
Average natural gas ' scm/hr 29 27 26 A 25 27 33
feedrate, (scfh) (1,025) (948) (903) (861) (876) (943) (1,166)
kW 300 278 265 252 257 276 342
(kBtu/hr) (1,025) (948) (903) (861) (876) (943) (1,166)
Average combustion air scrn/hr 194 165 156 129 118 157 161
flowrate, (scfh) (6,840) (5,830) (5,520) (4,550) (4,180) (5,540) (5,700)
Exit gas temperature, Range, °C  1,090-1,107  1,089-1,152 1,087-1,105 1,091-1,105 1,091-1,102 1,091-1,115 1,090-1,106
(°F) (1,994-2,025) (1,992-2,106) (1,989-2,021) (1,996-2,021) (1,995-2,016)  (1,196-2,039)  (1,994-2,023)
Average, °C 1,098 1,103 1,097 1,097 1,097 1,098 1,097
, (°F) (2,008 (2,017) (2,007) (2,007) (2,007) (2,008) (2,007)
Exit gas O, Range, % 88-120 42-11.7 5.7-10.8 5.1-108 5191 8.7-142 9.0-14.0
Average, % 10.7 76 82. 8.0 79 11.8 118

e —— ==
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TABLE 2-?. AIR POLLUTION CONTROL SYSTEM OPERATINC CONDITIONS

| —— ———
Test 0 . Testl ~ Test2 Test 5- Test 6 Test 3 Test 4
Parameter (10/27/93) (11/9/93) (11/16/93)  (11/18/93)  (11/23/93) (12/1/93) (12/2/93)
Average quench chamber L/min 76 76 75 76 76 72 76
liquid flowrate, (epm) (20) (20) (20) (20) (20 19 (20)
Average venturi scrubber L/min 76 79 76 9 79 & 76
liquid flowrate (gpm) 20 (1) 20) 1) (21) (22) (20)
Average packed-column L/min ‘114 110 114 114 114 110 114
scrubber liquid flowrate, (gpm) 30) 29) 30) 30 (30) (29) (30)
Scrubber liqior, pH Range 6.9-7.1 5982 6.0-8.3 6.8-8.2 64-82 6.7-75 6.6-75
-Average 7.0 6.9 7.1 73 72 72 72
Average scrubber-makeup L/min 1,098 57 0 193 0 1 0
flowrate, (gpm) (2%0) (15) © &2 ©) (&) ©
Average scrubber liquor °C 67 69 69 67 68 69 69
temperature, (°P (152) - (156) (156)° (152) (155) (156) (156)
Average scrubber inlet gas °C 7 78 78 m T 7 7
temperature, °F (169) (173) (173) (17) 17m) (169y (169)
. Average scrubber exit gas °C 59 64. 64 60 62 61 61
temperature, °P (138) (147) 147 (140) (143) (141) (141)




TABLE 2-16. CONTINUOUS EMISSION MONITOR DATA

e

Test 0 - Test1 Test 2 Test 5 Test 6 Test 3 Test 4
Parameter (10/27/93) (11/9/93) (11/16/93)  (311/18/93) (11/23/93)  (12/1/93)  (12/2/93)
Kiln Exit .
0, Range, % 8.4-134 7.7-140 82-14.6 8.7-142 9.0-140 8.0-13.5 7.7-13.1
Average, % - 116 109 110 118 11.8 111 109
Target, % 10.0 10.0 100 100 10.0 100 10.0
Afterburner Exit ’ '
0, ' Range, % 8.8-120 42-117 5.7-108 . 87142 9.0-140 5.1-108 - 5.1-9.1
Average, % 107 76 82 118 118 890 19
Target, % 86 80 80 80 8.0 8.0 80
Co, Range, % 5381 6.7-11.6 5.4-11.0 54-112 56-103 63-10.8 76-119
Average, % 6.2 89 86 8.1 83 83 8.6
NO, Range, ppm 45-82 46-70 41-96 27-66 38-62 3770 45-75
Average, ppm 66 59 64 39 47 56 63
o Baghouse Exit
3 0, Range, %  12.0-15.1 9.8-13.7 103-140 92142 94-12.7 9.7-14.1 9.6-12.4
Average, % 129 i1.6 114 114 10.9 C11S 114
co Range, ppm <1-10 <1-10 <19 <1-10 <1-11 <1-7 <16
i " Average, ppm 2 2 2 3 2 2 2
- Co, ‘Range, % 2552 44-74 4.1-70 34-82 4.0-76 3371 3876
Average, % 43 59 59 6.2 63 5.7 - 58
TUHC Range, ppm’ <14 <1-10 <111 <122 5-36 <14 <14
Average, ppm 1 1 1 3 9 2 2
NO, Range, ppm 28-62 29-42 38.57 - 30-51 45-61 28-80 45-73
Average, ppm 52 a8 42 43 . 53 64 60
Stack )
0, - - Range, % 132157 114-143 11.8-14.6 11.3-15.1 112135 11.6-153 11.5-13.9
Average, % 138 128 126 127 124 12.8 12.9
co Range, ppm 9-14 68 57 6-7 68 69 7-8

Average, ppm 12 7 6 6 7 7 7

P




at about 35-second intervals on the RKS data acquisition system. In addifion, durations of flue
gas sampling periods, major events, cumulative amounts of waste fed into the incinerator, and
cumulative amounts of ash removed from the fncinerator are included in some plots. These data
provide the basis for assembling a complete picture ‘of the actual incinerator operating

conditions.
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SECTION 3

SAMPLING AND ANALYSIS PROCEDURES

The scope of the sampling efforts performed in the test program is illustrated in

Figure 3-1. The sampling effort performed is discussed in Section 3.1, followed by a discussion

of the sample analysis procedures in Section 3.2.

31

SAMPLING PROCEDURES

For all tests, the sampling matrix included:

Obtaining a composite sample of the test feed material

bbtaining a composite sample of the kiln ash discharge

Obtaining a composite sample of the pre-test and post-test scrubber system liquor
Obtainiﬁg a composite sample of the baghouse ash

vContin‘uously measuring O, concentrations in the kiln exit flue gas; O,, CO,, and
NO; in the afterburner exit flue gas; O,, CO, CO,, NO,, and total unburned
hydfocarbon (TUHC) concentrations in the baghouse exit flue gas; and O, and

CO concentrations in the stack gas

- Sampling the flue gas at the baghouse exit for trace metals using the EPA multiple

metals train (Reference 2)
Sampling the flue gas at the baghouse exit for the waste and spiked semivolatile
POHC:s and other semivolatile target compound list (TCL) constituents using an

EPA Method 0010 train (Reference 3)

3-1




PACKED
»| AFTER- =] FLUE GAS VENTURI __| FLUE GAS ] pagHOUSEl»{ CARBON {_,1 HEPA
KILN [T suRNER QUENCH | | scrusser[ ™| COLUMN 1 peneaT BED FILTER
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Continuous monitors Flue gas
EPA multiple
. metals train,
Test feed Kiln Scrubber Baghouse Heated test trace  Method 0010, Method 0030, Method 23,
Sampling point material ash  liquor ash 0, CO €O, NO, TUHC metals SVOCs VOCs PCDD/PCDF  and HC1
1. Feed X
2. Kitn ash discharge X
3. Kiln exit flue gas
4, Afterburner exit X X
flue gas
5. Scrubber liquor X
6. Baghouse hopper X
7. Baghouse exit flue X X X X X X X X X
gas
8. Stack gas X X

Figure 3-1, Test sampling locations.
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. Sampling the flue gas at the baghouse exit for the waste and spiked ‘volatile
organic contaminants and other volatile TCL constituents using EPA Method 0030
(Reference 3), the volatile organic sampling train (VOST)
° Sampling the flue gas at the baghouse exit for PCDDs/PCDFs using EPA
Method 23 (Reference 2)
®  Sampling the baghouse exit and the stack for particulate and HCI using EPA
Method 5; the stack sample was needed to comply with the IRF’s permit
requirements
Composite feed material samples were collected from each mixing trough after feed
material was mixed in the trough, as discussed in Section 2.2, but before packaging into the
cardboard containers. Samples were collected from six different locations in the trough and
combined to form the cdmposite sample representing the trough’s contents. Four fluff feed
safnples resulted, each representing one full trough mixture. Two soil feed samples resulted, the
first taken before the packaging of the first soil feed container, the second after-the filling of 60
soil feed containers. |
1 The feed sample for Test 0, the blank burn test, consisted of proportionate samples of
the cardboard box material, the polyethylene liner bag, the bag plastic tie, the HDPE bottle with
screw cap, and the paper packaging tape used to prepare feed boxes. |
On a given test day, the incinerator was brought to nominally steady operatior} at test
conditions while ﬁring auxiliary fuel (natural gas) alone. Test material feed was then initiated.
Flue gas sampling was started about 1 hour after test material feed initiation. At the conclusion

of each test day, the incinerator was operated on natural gas for 2 hours after waste feed

cessation while ash material in the kiln continued to discharge until the kiln was empty.




| During the fluff waste tests, kiln ash was continuously deposited in an initially clean
20-gal (76-L) drum plaéed in the RKS ash pit. The amount of collected ash was insufficient to
aﬂow representative thief sampling, thereforve grab samples consisting of a large fraction of the
collected ash were taken.

During the soil feed tests, kiln ash was continuously removed from the kiln ash pit via
a transfer auger and deposited into a 55-gal (208-L) drum. After all test ash was deposited in
this drum, representative kiln asfx samples were taken by thief samph'ng in at least three locations
across the collection drum cross section. The three ash samples were éombine;i to form one
composite sample.

No kiln ash resulted from vthe blank burn test.

Each test was run with the scrubber liquor loop operating at as close to total recycle (no
blowdown) as possible. At the end of each fest day, a scrubber liquor sample was collected from
a tap in the recirculation loop. The scrubber liquor was then drained to a collection tank. In
- -addition, a sample was taken fromrthe’scrubbei- liquor loop from the same tap just before
initiating test material feed on a test day. The baghouse ash sample consisted of the entire
amount of baghouse ash collected in the baghouse ash hopper for each test. |

The Method 5 trains for particulate and HCL céllection had dilute caustic-filled
impingers (0.1 N NaOH). Admittedly, both HCI and Cl, in the flue gas are collected caustic
impingers. However, this conservative estimate of HCl concentrations (HCI plus Cl,) satisfied
test program objectives. A nominal 1.4 m3 (50 ft%) sample was collected at the two locations
sampled vover about a 1-hour time period. The Method 0010, Method 23, and multiple metals
trains sampled nominally 2.8 m3 (100 £t3) of flue gas over a 3-hour period. Because mercury was
nota trace metal of interest in this program, the permanganaté impingers for mercury collection

were not used in the multiple metals train, and sample recovery steps specified for eventual
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mercury analysis were not perfofmed. Four Method 0030 trap pairs each sampled 20 L of flue
gas. Four trap pairs were taken as insurance against trap breakage.

The CEMs gvailable at the IRF and the locations that they monitored during all tests
are summarized in Table 3-1. This monitoring arrahgement was employed in all tests.
Figure 3-2 illustrates the generalized flue gas conditioning and flow distribution system at the
IRF. Four independent systems, such as the one illustrated in Figure 3-2, were in place so that
the appropriately conditioned sample gas from four separate locations was routed to the
respective monitors in Table 3-1. The CEM setup described in Table 351, with appropriate gas
conditioning per Figure 3-2, was employed throughout this test program. CEM data was
recorded continuously on strip charts and also by an automatic‘ data acquisition system.

Test prégrgm samples were analyzed for matrix-specific combinations of SVOCs, VOCs,
PCi)Ds/PCDFs, contaminant trace meétals, and chloride. Sample analysié procedures are
outlined in Table 3-2. The number of test program samples analyzed is summarized in Table 3-3.
The numbers of method blank, split sample, and matrix spike/matrix Spike duplicate QA analyses
are also given in Table 3-3. The large numbers of fluff and soil feed split sample analyses for
SVOC and trace metais, and kiln ash split sample analyses for trace metals, were at the request
of Region II. The Region Il Remediation Project Manager (RPM) requested that the
precision of the feed and ash trace metal and feed SVOC concentration measurements be well
characterized.

Table 3-4 summarizes the sample aliquoting schedule for dividing samples taken for each
test among the various analytical procedures. Each sample was divided among the various
analytical procedures according to Table 3-4. Aliquots analyzed as noted in Table 3-4

corresponded to respective method-recommended sample sizes.




TABLE 3-1. CONTINUOUSEMISSION MONITORS USED AND LOCATIONS MONIT ORED

‘ ~ Monitor
Location  Constituent Manufacturer  Model Principle Range
Kiln exit 0O, Beckman 755 Paramagnetic 0-10 percent
0-25 percent
0-100 percent
Afterburner O, Rosemount 755 Paramagnetic 0-10 percent
exit 0-25 percent
: 0-100 percent
CO, Horiba PIR 2000 NDIR , 0-20 percent
0-80 percent
NO, " Thermo - 10 AR Chemiluminescent 0-75 ppm to
Electron 0-10,000 ppm in
muttiples of 2
Baghouse O, Beckman 755 Paramagnetic 0-10 percent
exit ‘ 0-25 percent
0-100 percent
(6(0) Horiba - VIA 500 NDIR 0-50 ppm
: 0-500 ppm
CO, Horiba - PIR 2000 NDIR 0-20 percent
- _ . 0-80 percent
TUHC Beckman 402 FID 0-10 ppm
. 0-100 ppm
0-1,000 ppm
NO, Thermo 10 AR Chemiluminescent 0-75 ppm to
Electron ' 0-10,000 ppm in
multiples of 2
Stack O, Teledyne 326A ©  Fuel cell 0-5 percent
‘ 0-10 percent
0-25 percent -
CO Horiba VIA 500 NDIR 0-50 ppm

0-500 ppm

"
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TABLE 3-2. ANALYSIS PROCEDURES

Sample Parameter Analysis method Frequency
Test feed Proximate analysis ASTM D-5142 1 composite for
material (moisture, volatile matter, each test material

fixed carbon, ash)
Elemental analysis :
C,H,ON,S ASTM D-3176 1 composite for
o | ASTM E-442 each test material
Heating value ASTM D-3286 1 composite for
: each test material
Test semivolatile POHCs  Soxhlet extraction by Method 3540A, GC/MS 1/test
analysis by Method 8270A*
Test volatile organic Purge and trap GC/FID of methanol extract by , 1/test
contaminants Method 8015A*
PCDDs/PCDFs GC/MS by Method 8290* 1 composite for
each test material
Trace metals® Digestion by the multiple metals filter method®,  1/fluff test,
ICAP analysis by Method 6010A* 1 composite soil
TCLP extraction Method 1311* 1/fluff test,
. . : 1 composite soil
Test feed TCLP Trace mietals” Digestion by Method 3010A, ICAP analysis by 1/fluff test,

leachate

Method 6010A*

1 composite soil

Feed packaging Proximate analysis ASTM D-5142 1 composite
material (moisture, volatile matter,
fixed carbon, ash)
Elemental analysis
C H O,N,S ASTM D-3176 1 composite
Cl ASTM E-442
Heating value ASTM D-3286 . 1 composite
Test semivolatile POHCs  Soxhlet extraction by Method 3540A, GC/MS 1 composite
' analysis by Method 8270A*
Test volatile organic Purge and trap GC/FID of methanol extract by 1 composite
contaminants Method 8015A*
PCDDs/PCDFs GC/MS by Method 8290* 1 composite
Trace metals® Digestion by the multiple metals filter method®, 1 composite
ICAP analysis by Method 6010A* :
Kiln ash Test semivolatile POHCs Soxhlet extraction by Method 3540A, GC/MS 1/test
analysis by Method 8270A*
Test volatile organic' Purge and trap GC/FID of methanol extract by  1/test
contaminants Method 8015A*
PCDDs/PCDFs GC/MS by Method 8290* 1/test
“Trace metals® Digestion by the multiple metals filter method®,  1/test
. ICAP analysis by Method 6010A*
TCLP extraction Method 1311* 1/test
Kiln ash TCLP  Trace metals® Digestion by Method 3010A, ICAP analysis by 1/test
leachate Method 6010A*
*Reference 3, SW-846. . (continued)

bAs, Sb, Ba, Cd, Cr, Cu, Pb, Ni, Ag, and Zn.
°Reference 2, 40 CFR 266, App. IX.




TABLE 3-2. (continued)

Sample Parameter Analysis method Frequency
Pre-test  Test semivolatile Extraction by Method 3520A, GC/MS analysis by Method " 1/test
scrubber liquor POHCs 8270A*

Test volatile organic Purge and trap by Method 5030A, GC/FID by Method 8015A® 1/test
contaminants ) .
Trace metals® Digestion by Method 3010A, ICAP analysis by Method 6010A* 1/test
PCDDs/PCDFs GC/MS by Method 8290* 1 sample
v before the
first test
Post-test Test semivolatile Extraction by Method 3520A, GC/MS analysis by 1/test
scrubber liquor POHCs Method 8270A*
© Test volatile organic Purge and trap by Method 5030A, GC/FID by Method 8015A* 1/test
contaminants _
PCDDs/PCDFs GC/MS by Method 8290* 1/test
- Trace metals® Digestion by Method 3010A, ICAP analysis by Method 6010A* 1/test
4 TCLP extraction Method 1311* 1/test
Scrubber liquor Trace metals® Digestion by Method 3010A, ICAP analysis by Method 6010A* 1/test
TCLP leachate : ,
Baghouse ash  Test semivolatile ~ Soxhlet extraction by Method 3540A, GC/MS analysis by 1/test
POHCs Method 8270A* : '
Test volatile organic Purge and trap GC/FID of methanol extract by 1/test
contaminants Method 8015A*
PCDDs/PCDFs GC/MS by Method 8290* 1/test.
Trace metals® Digestion by the multiple metals filter method®, ICAP analysis 1/test
) by Method 6010A*® ‘
TCLP extraction Method 1311* 1/test
Baghouse ash  Trace metals® Digestion by Method 3010A, ICAP analysis by Method 6010A* 1/test
TCLP leachate ' , ‘
Baghouse exit Semivolatile TCL ~ Soxhlet extraction of Method 0010A. samples by 1/test
flue gas constituents * Method 3540A, GC/MS analysis by Method 8270A*
Volatile TCL Purge and trap of Method 0030 samples by Method 5040, 3 trap
constituents GC/MS analysis by Method 8240A pairs/test
PCDDs/PCDFs GC/MS of Method 23 samples by Method 23¢ 1/test
Trace metals® Digestion of multiple metals train samples by multiple metals  1/test
procedure®, ICAP analysis by Method 6010A*
Particulate Method 5¢ 1/test
HC1 ICAP analysis of combined impinger solution by Method 9057° 1/test
Stack gas Particulate Method 5¢ v 1/test
HC1 IC analysis of combined impinger solution by Method 9057° 1/test

‘Reference 3, SW-846.

bAs, Sb, Ba, Cd, Cr, Cu, Pb, Ni, Ag, and Zn.
°Reference 2, 40 CFR 266, App. IX.
9Reference 4, 40 CFR 60, App. A.




TABLE 3-3. TEST PROGRAM SAMPLE ANALYSIS SUMMARY

Sample matrix

Number of analyses

SVOCs

YOCs

Trace

Flufl Waste Feed

Test sample
Split sample
Matrix spike
Spike duplicate

Soil Feed

Test sample
Split sample
Matrix spike
Spike duplicate

Packaging Container Material

Cardboard + packaging tape +
HDPE bottle + bottle cap +
polyethylene liner + plastic tie

Kiln Ash
Test sarriple‘
Split sample
Matrix spike
Spike duplicate
Pre-test Scrubber Liquor
Test sample
Post-test Scrubber Liquor
Test sémple '
Split sample
Matrix spike’
Spike duplicate
Baghousé Ash
Test sample
Split sample

Matrix spike
Spike duplicate

4
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PCDDs/PCDFs metals Chloride

*No kiln ash resulted from the blank burn test.
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TABLE 3-3. (continued)

Number of analyses

. Trace
Sample matrix SVOCs YOCs PCDDs/PCDFs metals Chloride

TCLP Leachate

Fluff feed
Soil feed

- Kiln ash
Scrubber liquor
Baghouse ash
Method blank
Split sample
Matrix spike
Spike duplicate

Method 0010 Train

Test sample
Method blank

Matrix spike
Spike duplicate

Method 0030

Test sample trap pairb
Field blank

Trip blank

Matrix spike

Method 23 Train

Test sample
Method blank

Multiple Metals Train

Front half
Test sample
Method blank
Matrix spike

. Spike duplicate

Back half
Test sample
Method blank
Matrix spike
Spike duplicate

Method § Train Impingers

Test sample 14
Q ‘ Matrix spike
Spike duplicate ’ 1 .-

Total 81 87 35 140 16

(S SIS S IS RN NS

[l o R ]
orRal
-
e S Ik N Y S SR

[

bFour trap pairs sampled per test, three trap pairs analyzed; fourth trap pair for breakage contingéncjr.
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TABLE 3-4. SAMPLE ANALYSIS ALIQUOT SCHEDULE FOR EACH TEST

Total quantity
of each sample Analyte/

Sample collected procedure Aliquot size Number of aliquots needed
Fluff waste feed 1 kg SVOCs 10g S replicates each test + 1 MS + 1 MSD
: VOCs .48 1 each test + 1 duplicate + 1 MS + 1 MSD
PCDDs/PCDFs 10 g 1 total ‘
Trace metals 1g 5 replicates each test + 1 MS +1 MSD
. TCLP extraction 100 g 1 each test
Soil feed 1kg ~ SVOCs 10g S replicates each test + 1 MS + 1 MSD
' VOCs g 1 each test + 1 duplicate + 1 MS + 1 MSD
Trace metals lg § replicates total + 1 MS + 1 MSD
TCLP extraction 100 g 1 total
Packaging So0g SVOCs 10g 1
container VOCs 4g 1
material
PCDDs/PCDFs 10g 1
. Trace metals lg 1
Kiln ash 1kg- SVOCs 10g 1 each test + 1 split + 1 MS + 1 MSD
'  VOCs - 4g 1 each test + 1 split + 1 MS + 1 MSD
. PCDDs/PCDFs 10g 1 each test + 1 split
Trace metals lg S replicates each test + 1 MS + 1 MSD
TCLP extraction 100 g 1 each test
Pre-test scrubber 4 L SVOCs 1L 1 each test
liquor
' VOCs 80 mL (two 1 each test
: 40-mL
aliquots)
PCDDs/PCDFs 1L 1 total
Trace metals 100 mL 1 each test .
Post-test scrubber 8 L SVOCs 1L 1 each test + 1 split + 1 MS + 1 MSD
liquor _ VOCs 80 mL (two 1 each test + 1 split + 1 MS + 1 MSD
40-mL
aliquots)
PCDDs/PCDFs 1L 1 each test + 1 split
Trace metals 100 mL 1 each test + 1 split + 1 MS + 1 MSD
TCLP extraction 2L 1 each test
(continued)
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TABLE 3-4. (continued)

Total quantity

Aliquot

of each sample Analyte/
Sample collected procedure size Number of aliquots needed
Baghouse ash As collected SVOCs 10g 1 each test + 1 split + 1 MS + 1 MSD
VOCs 4g 1 each test + 1 split + 1 MS + 1 MSD
PCDDs/PCDFs 10g 1 each test + 1 split
Trace metals ig 1 each test + 1 split + 1 MS + 1 MSD
TCLP extraction 100 g 1 each test
TCLP leachate 2L Trace metals 100 mL 25 test samples + 2 method blank +
2 split + 2MS + 2 MSD
Method 0010 trajn As collected SVOCs Total 1 each test + 1 method blank + 1 MS
: + 1 MSD
Method 0030 train As collected VOCs Total 4* each test + 7 field blanks + 1 trip
blank + 9 MS
Method 23 train As collected PCDDs/PCDFs Total 1 each test + 1 method blank
Multiple metals train :
Front half As collected Trace metals Total 1 each test + 1 method blank + 1 MS
' + 1 MSD
Back half As collected Trace metals Total 1 each test + 1 method blank + 1 MS
+ 1 MSD
Method S train impinger Ascollected  Cl 100 mL 2 each test + 1 MS + 1 MSD

*Three of four analyzed; fourth represents breakage contingency.

Table 3-5 summarizes the containers used for sample aliquot storage until analysis,

preservation methods used, and analysis hold times required. Only new containers were used

for sample storage. They were purchased, precleaned to meet EPA standards, from a laboratory

supply vendor and are certified by the vendor as appropriate for use in storing samples for the

respective analyte class. No containers or preservation is shown in Table 3-5 for Method 0010

train samples. The procedure at the IRF is to transfer samples recovered from Method 0010

trains directly into the extraction apparatus immediately after a test and begin overnight

extractions the day of each test.

Filters and other sampling train cbmpénents for Method 0010, Method 23, the multiple

metals method train, and the Method 5 trains were cleaned according to the procedures
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TABLE 3-5. SAMPLE CONTAINERS, PRESERVATION METHODS, AND HOLD TIMES

: Sample
Sample preservation
Sample Analyte container® method Analysis hold time
Solid samples (fluff 'SVOCs G T Cool to 4°C Extraction: 14 days
waste, soil, packaging Analysis®: 40 days
container material, kiln
VOCs G, T, zero Cool to 4°C 14 days
ash, baghouse ash) headspace '
PCDDs/PCDFs G, T Cool to 4°C Extraction: 30 days
. Analysis®; 45 days
Trace metals GorP None 6 months
Aqueous liquid samples SVOCs G T Cool to 4°C . Extraction: 7 days
(scrubber liquor, TCLP - - Analysis”: 40 days
leachates) VOCs G,TVOAvial Cool to 4°C 14 days
PCDDs/PCbFs GT. Cool to 4°C Extraction: 30 days
Analysis®: 45 days
Trace metals GorP HNO;topH <2 6 months
Method 0010 train - . SVOCs None None 40 days
Method 0030 traps VOCs Sealed glass Cool to 4°C 42 days
) traps
Method 23 train filter PCDDs/PCDFs Extraction: 30 days
alysis®: 4
Filter Glass petri dish  Cool to 4°C An ysg 3 days
Rinses and impinger GT Cool to 4°C
solutions '
Multiple metals train Trace metals 6 months
Filter Glass petri dish  None »
Rinses and impinger GorP None
solutions
Method 5 train Chloride GorP None 28 days

impinger solution

*G = glass, P = polyethylene, T = ,Tcﬂon-lined cap.

®After extraction.
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documented in the respective methods. Sorbent resin for use in Method 0010 and Method 0030
trains was cleaned prior to use éccording to the procedures in the respective methods.
Method 23 sorbent resin cartridges were cleaned and charged with clean sorbent, spiked with
method surrogaies, by the analytical lab01"atory that performed the PCDD/PCDF analyses.

A single container was used to store each sample collected for each analysis. Aliquots
were taken from this container as needed. MS and MSD samples were prepared from aliquots
from this container as well. After preparation, however, MS and MSD samples were stored in
separate containers until analyzed.

Unused sample collected was stored in appropriate containers with appropriate
preservation until the expiration of method hold times. After method hold time exéired, unused
- samples were archived.

32 ANALYSIS METHODS

Table 3-2 summarizes the analytes determined in each test program sample, and the
analysis procedures used. As indicated in the table, the fluff feed samples for each fluff test, a
- composite soil feed sample, the packaging container material, and the kiln ash, pre-test and
post-test scrubber liquor, and baghouse ash samples for each test analyzed for the site
contaminant trace metals. Trace métal analyses were by ICAP spectroscopy in accordance with
Method 6010A. Solid samples (feed fnaterial, packaging container material, kiln ash, and
baghouse ash) were digested using the }m03 JHF procedure specified for use with filter
particulate in the EPA multiple metals method (Reference 2). Liquid samples (pre-test and
post-test scrubber liquor) were digested using a minor variation of Method 3010A. This minor
variation consists of using concentrated HNO; instead of 1:1 HCl in the last step of Section 7.2

of Method 3010A. The 10 site contaminant metals measured in the test samples were antimony,
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arsenic, barium, cadmium, chromium; copper, lead, nickel, silver, and zinc. Omission of the HCl
in the last Method 3010A step allows analysis for sﬂ;ler.

Each fluff test’s fluff feed, a composi;e soil feed sample, and each test’s kiln ash,
‘baghouse ash, and post-test scrubber liquor samples were subjected to TCLP extraction by.
Method 1311. The TCLP leachates were analyzed for the 10 site contaminant trace metals by
Method 6010A. The minor variation of Method 3010A, noted above, wasrused for leaéhate
digestion.

In addition, each fluff test’s fluff feed, each soil test’s soil feed, the pz;ckaging container
material, and the kiln ash, baghouse ash, and pre-test and post-test scrubber liquor samples for
each test were analyzed for the test semivolatile POHCs (BEHP, DNOP, and naphthalene).
Semivolatile POHC analyses were by gas cHromatography/mass spectrometry (GC/MS) in
accordance with Method 8270A. Solid samples (feec}, packaging container material, baghouse
ash, and kiln ash) were Soxhlet-extracted by Method 3540A. Pre-test and post-test scrubber
liquor samples were extracted via continuous liquid-liquid extraction by Method 3520A.

One composite fluff feed sample, a composite soil feed sample, the packaging container
material, the pre-test scrubber liquor sample taken before the first test program test, and the kiln
ash, pos.t~test scrubber liquor, and baghouse ash samples for each test were also aﬁalyzed for
PCDDs/PCDFs by the higﬁ-r'esolution GC/MS method, Method 8290. The single composite
fluff feed sample ‘;avas p;eparéd by combining aliquots of the four test feed samples collected. ‘

Each test’s fluff feed or soil feed, the packaging container material, and each test’s kiln
ash, baghouse ash, and pre-test and post-test scrubber liquor samples were also afxalyzed for the
test volatile organic contaminants by GC/FID in accordance with Method 8015A. Sample

introduction was by Method 5030A.
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The Method 0010 samples for each test were analyzed for the semivolatile organic TCL

constituents listed in Table 3-6. The target analytes were the semivolatile test POHCs, BEHP,

DNOP, and naphthalene. However, the other TCL constituents were also quantltated Sample

preparatmn was performed according to Method 0010, with final GC/MS analysis by

Method 8270A. The Method 23 samples for each test were analyzed for PCDDs/PCDFs by the

method.

TABLE 3-6. SEMIVOLATILE ORGANIC TCL CONSTITUENTS

Acenaphthene
Acenaphthylene

Anthracene
Benz(a)anthracene
Benzo(b)fluoranthene .
Benzo(k)fluoranthene -
Benzo(a)pyrene
Benzo(ghi)perylene

Benzyl butyl phthalate
Bis(2-chloroethyl) ether
Bis(2-chloroethoxy) methane
Bis(2-chloroisopropyl) ether
Bis(2-ethylhexyl) phthalate
4-Bromophenyl phenyl ether
2-Chloronaphthalene
4-Chlorophenyl phenyl ether
Chrysene
Dibenzo(a,h)anthracene
Di-n-butyl phthalate
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
3,3’-Dichlorobenzidine
Diethyl phthalate

Dimethyl phthalate
2,4-Dinitrotoluene

2,6-Dinitrotoluene
Di-n-octyl phthalate
Fluoranthene

Fluorene
Hexachlorobenzene
Hexachlorobutadiene
Hexachloroethane
Indeno(1,2,3-cd)pyrene
Isophorone

Naphthalene
Nitrobenzene
N-Nitrosodi-n-propylamine
Phenanthrene

Pyrene :
1,2,4-Trichlorobenzene
4-Chloro-3-methylphenol
2-Chlorophenol :
2,4-Dichlorophenol
2,4-Dimethylphenol
2,4-Dinitrophenol
2-Methyl-4,6-dinitrophenol
2-Nitrophenol
4-Nitrophenol
Pentachlorophenol
Phenol
2,4,6-Trichlorophenol
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As noted in Section 3.1, four Method 0030 trap pair samples were collected for each
test. Three trap pair samples for each test were analyzed for the test volatile organic TCL
constituents listed in Table 3-7 by purge and trap GC/MS via Methods 5040 and 8240A. The
fourth trap pair was collected for breakage contingency, so that the probability that three trap
pair analyses could be done for each test was increased, given the inevitability of trap breakage.
The target analytes were the volatile site material organic contaminants, tetrachloroethene,
trichloroethene, and 1,1,2—trichloroethane. However, the other TCL constituents were also
quantitated.

Multiple metals train samples were analyzed for the 10 site contaminant trace metals.

Sample preparation was performed according to the method, with final ICAP analysis by

Method 6010A. Flue gas HCl levels were determined by analyzing the combined Method 5 train

impinger solutions for chloride via IC according to Method 9057.
One composite fluff feed sample, the composite soil feed sample, and the packaging
container material sample were. also subjected to proximate, elemental, and heating value

analyses by the ASTM procedures noted in Talil’e 3-2.

TABLE 3-7. VOLATILE ORGANIC TCL CONSTITUENTS

Acetone trans-1,2-Dichlorothene
Benzene 1,2-Dichloropropane
Bromodichloromethane cis-1,3-Dichloropropene
Carbon disulfide : trans-1,3-Dichloropropene
Carbon tetrachloride Methylene chloride
Chlorobenzene Tetrachloroethene
Chlorodibromomethane Toluene

Chloroform 1,1,1-Trichloroethane
1,1-Dichloroethane 1,1,2-Trichloroethane
1,2-Dichloroethane Trichloroethene
1,1-Dichloroethene Trichlorofluoromethane
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Proximate and elemental analyses were performed by Galbraith Laboratories in
Knoxville, Teﬁnessee‘ SVOC (Method 8270A), VOC (Method 8015A), HCl (Method 9057), ;md
TCLP (Method 1311) procedures were performed in the IRF analytical laboratories. Trace
metal analyses (Method 6010A) were performed by the American Interplex Laboratories in
Little Rock, Arkansas. Method 0030 sample and PCDD /PCDF (Methods 8290 and 23) analyses

were performed by Triangle Laboratories in Research Triangle Park, North Carolina.
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SECTION 4

TEST RESULTS

The results of the test program are discussed in this section. Test results are grouped
by analyte class. Thus, Section 4.1 presents the fluff waste and soil feed proximate and elemental
analysis results. Section 4.2 discusses the SVOC measurements. Section 4.3 discusses the VOC
measurements. Section 4.4 discusses the PCDD/PCDF measurements. Each ofthe sections, 4.2,
4.3, and 4.4, includes discussion on the effectiveness of incineration in removing the contaminants
of interest in the fluff waste and contaminated soil. Where appropriate, contaminant destruction
removal efficiencies (DREs) are presentea and discussed. The concentrations of contaminants
of interesf in the RKS discharge streams, kiln ash, baghouse ash, and scrubber liquor, are also
discusse;l. Section 4.5 discusses the trace metals measurements. Section 4.6 discusses the results
of the flue gas particulate and HCI measurements, as well as the flue gas particulate size
distribution results. For the reader who is interested in studying the ;cmalytical réstxlts in more
detail, the analytical laboratory reports are given in Appendix C of this report.

41  PROXIMATE AND ULTIMATE ANALYSIS RESULTS

The proximate‘ and elemental analysis fesults for the fluff waste, soil, apd packaging
container material samples analyzed are presented in Table 4-1. As shown in the table, the fluff
waste was distinctly organic in nature as evidenced by the high level of volatile matter at
39.1 percent and its higher heating value of 12.4 MIJ/kg (5,330 Btu/Ib). The fluff was also quite

moist, with 46.8 percent moisture. The high moisture content was consistent with the fact that
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TABLE 4-1.. PROXIMATE AND ELEMENTAL ANALYSIS RESULTS FOR
COMPOSITE FLUFF AND SOIL FEED SAMPLES

‘ . Packaging
Contaminated container
Fluff waste soil material
Proximate Analysis (as received)
Moisture, % 46.8 230 4.8
Ash, % 52 64.4 14
Fixed carbon, % 89 2.6 13.3
Volatile matter, % 39.1 10.0 80.5
Higher heating value, MJ/kg 12.4 058 el
(Btu/Ib) (5,330) (250)
Elemental Analysis, % (dry 7
basis)
C . 442 73 46.4
H | . 62 11 7.0
(o) 74 5.8 45.0
N <05 <05 <0.5
S 0.2 <0.04 0.2
a 322 23 <05
Ash 98 83.6 14

2. = Not measured.

the fluff had been accumulated and stox;ed m large piles outdoors, thereby being exposed to
precipitation. The fluff waste contained 32.2 percent chlorine (dry basisj, a level suggesting the
presence of chlorinated plastics (e.g., polyvinyl chloride) and possibly other chlorb-organic
solvents, both of which wére present or used at the site. |

The character of the contaminated soil was distinctly different from the fluff, although
a small aﬁmunt of fluff-like material was found to have commingled into the soil._ The heating

value of the soil was low, as expected at 0.58 MJ/kg (250 Btu/Ib). Its moisture content, at
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23 pefcent, and ash content, at 64.4 percent are typical of soils. The soil chlorine content, at
2.3 percent (dry), could have been due to the presence of a small amount of fluff or other
chlorine containing organic contaminants. |

Table 4-2 summarizes the cumulative weights of tﬁe fluff waste and contaminated soil
fed for each test and the total amount of corré#ponding kiln ash collected. As indicated in the
table, for Tests 1 and 2 (average kiln exit gas temperature at 875° to 883°C [1,608° and 1,622°F],
respectiveiy), the collected ash weights were equal to about 5 percent of the amount of fluff fed.
The collected aéh amounts accounted for 98 to 101 percent of the theoretical ash amountrthat
could be expected. For Tests S and 6, during which the average kiln exit temperatures were at
762 and 767°C (1,403° and 1,412°F), respectively, the collected ash amounts were equal to 5.7
and 6.7 percent of the amount of fluff fed. These amounts of collected ash were greater than
the tileoretical ash quantity in the fluff fed. The amounts of ash collected were 128 and

109 percent of the theoretical ash amount. The greater-than-100-percent ash collected for these

TABLE 4-2. WEIGHTS OF TEST MATERIAL FED AND KILN ASH COLLECTED

Kiln ash collected
Total fed Weight ~ Fraction  Fraction of
of feed  expected ash
Test . Date kg (b) kg (ib) % %
Fluff Waste Tests : e
1 . 11/9/93 303  (666) 15 34 51 98
2 11/16/93 304  (669) 16 (35) 52 101
5 11/18/93 307 (675) 20  (45) 6.7 128
6 11/23/93 305 | (671) 17 (38) 57 109
. Soil Feed Tests |
3 12/1/93 288 (634) 150 (329) 52. 8

4 12/2/93 290 (638) 145 (3200 50 78




tests would be consistent with incomplete fluff oxidation for these lower kiln exit gas temperature
tests. | |

For the soil tests (Tests 3 and 4), the kiln ash weights were about 50 percent of the fed
soil weights, which corresponds to about 80 percent of the theoretical aSh amounts. Evidently,
about 20 percent of the theoretical ash in the soil tests was éntrained in the kiln exit cor;xbustion
gas and carried out of the kiln. '
42  SVOC ANALYSIS RESULTS

Table 4-3 summarizes the measured concentrations of the target SVOC analytes in test
program samples collected. For the entries in the table noted as less than values, the value
represents the MDL of the analysis procedure. Laboratory anal)-'sis reports are given in
Appendix C-3. For each test performed Table 4-3 also indicates the average kiln exit gas
temperature measured over the ﬂue gas sampling period corresponding to each test.

The data in Table 4-3 show that the BEHP concentrations in the actual fluff waste fed
for each fluff waste test, at 48,300 to 53,300 mg/kg, were about half the level measured in the

pretest chafacterﬁation sample as reported in Table 2-3, as well as being below the lowest

concentration reported m the ROD. Similarly, the DNOP levels in actual test fluff waste, at
1,850 to 2,870 mg/kg, were also substantially lower than the 17,800 mg/kg levéi measured in the
pretest characterization sample, and were at the low end of the range of concentrations reédrtted
in the ROD. Nevertheless, contamination levels 6f these two constituents in the test fluff waste
were still significant. The 20,200 mg/kg naphthalene concentration noted in incingrator feed
samples in the table represents the quantity of naphthalene spike added to feed containers. No
fluff waste or soil sample contained naphthalene at an MDL of 25 mg/kg before spiking.

The data in Table 4-3 show that the contaminated soil tested éontai_ned 9,440 to

9,810 mg/kg of BEHP and 550 to 580 mg/kg DNOP. These levels are substantially greater than
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TABLE 4-3. SEMIVOLATILE ORGANIC CONTAMINANT ANALYSIS RESULTS

| Concentration
Sample BEHP DNOP Naphthalene

Test 0 (10/27/93), kiln temperature:

871°C (1,599°F)

- Packaging container material, mg/kg . <13 <04 <03
Scrubber liquor, mg/L. <0.013 <0.004 <0.003
Baghouse ash, mg/kg 6.6 4.1 <03
Baghouse exit flue gas, pug/dscm - 84 <09 <0.8

Fluff Waste Tests

Test 1 (11/9/93), kiln temperature:

883°C (1,622°F)

Fluff feed, mg/kg 48,800 1,850 20,2002
Kiln ash, mg/kg <13 <04 <03
Scrubber liquor, mg/L ' <0.013 <0.004 <0.003
Baghouse ash, mg/kg 14.3 9.9 <03
Baghouse exit flue gas, pg/dscm 7.0 <12 <0.9
Test 2 (11/16/93), kiln temperature:
876°C (1,608°F)
Fluff feed, mg/kg- - 53,300 2,610 20,2002
Kiln ash, mg/kg <13 - <04 - <03
Scrubber liquor, mg/L _ <0.013 <0.004 <0.003
Baghouse ash, mg/kg . 4.5 22 <0.3
Baghouse exit flue gas, ug/dscm 9.9 <13 <11
Test 5 (11/18/93), kiln temperature:
762°C (1,403°F) ,
Fluff feed, mg/kg 48,300 2,870 20,200
Kiln ash, mg/kg <13 <04 <02
Scrubber liquor, mg/L <0.013 <0.004 <0.003
Baghouse ash, mg/kg 211 134 <03
Baghouse exit flue gas, ug/dscm 9.8 <11 <09
Test 6 (11/23/93), kiln temperature:
767°C (1,412°F)
Fluff feed, mg/kg \ 49,000 2,810 20,2002
Kiln ash, mg/kg ' : <13 <04 . <03
Scrubber liquor, mg/L <0.013 <0.004 <0.003
Baghouse ash, mg/kg 18.7. 12.1 <03
Baghouse exit flue gas, ug/dscm : 6.2 <12 <1.0

3Spiked concentration. ‘ (continued)
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TABLE 4-3. (continued)

‘ : Concentration
Sample BEHP DNOP Naphthalene
Soil Feed Tests
Test 3 (12/1/93), kiln temperature:
876°C (1,609°F) | |
Soil feed, mg/kg : : 9,810 580" 20,2002
Kiln ash, mg/kg - <13 <04 <03
Scrubber liquor, mg/L <0.013 <0.004 <0.003
Baghouse ash, mg/kg _ 235 17.0 <03
Baghouse exit flue gas, pg/dscm 78 <12 <10
Test 4 (12/2/93), kiln temperature:
874°C (1,606°F) , , _
Soil feed, mg/kg 9,440 547 20,2002
Kiln ash, mg/kg ‘ ) <13 <04 <03
Scrubber liquor, mg/L : <0.013 <0.004 <0.003
Baghouse ash, mg/kg 14.2 9.7 <0.3
Baghouse exit flue gas, pg/dscm 7.0 <12 <10

2Spiked concentration.

thosé measured in the pretest soil characterization samples analyzed, although they fall within
the concentration ranges reported in the ROD for these contaminants. »Again, the naphthalene
concentrations in test soil feed samples correspond to spiked amounts.

The data in Table 4-3 also show that the native and spiked SVOC contaminants were
essentially completely removed from the fluff waste by incineration at both kiln temperatures
tested, as evidenced by their absence in the kiln ash discharge for all fluff waste tests at mefhod
détection limits (MDLs) of 0.3 to 1.3 mg/kg. Similarly these contaminants were removed from
the contaminated soil for both soil tests at the éh1gle kiln temperature tested for this matrix. No
kiln ash concentration data are given for the blank burn test, Test 0, in Table 4-3 because no kiln -

ash was discharged for this test.




None of the three SVOC contaminants was found in the post-test scrubber liquor for
any test at MDLs of 0.003 to 0.013 mg/L.

Naphthalene was absent from the baghouse ash for all tests at an MDL of 0.3 mg/kg.
However, low levels of both BEHP (6.6 to 23.5 mg/kg) and DNOP (2.2 to 17.0 mg/kg) were
found in the baghouse ash for all tests, including the blank burn. No explanation as to why these
site contaminants are found at these levels in the baghouse ash is offered, other than the fact
that phthalafes are commonly encountered laboratory contaminants. Neither naphthalene nor
. DNOP was present in the b_aéhouse exit flue gas for any test, at MDLs of about 1 pg/dscm.
BEHP was f01;nd in the baghouse exit flue gas for all tests, including the blank burn, at levels
ranging from 6.2 to 9.8 pg/dsém.

Feed SVOC contaminant concentration, feedrate, baghouse exit flue gas SVOC
contaminant concentratioﬁ, and flue gas ﬂbwrate data can be combined to calculate SVOC
contaminants DRE:s for each of the tests. Calculated DREs are summarized in Table 4-4. As
shown in the table, the measured levels of BEHP in the baghouse exit flue gas corresponded to
BEHP DREs ranging from 99.99932 to 99.99962 percent for the fluff waste tests and 99.9974 to
99.9980. percent for the soil feed tests. Kiln temperature had no apparent affect on BEHP DRE
from fluff waste. Neither the spiked naphthalene nor the native DNOP contaminants were
detected in the baghouse exit flue gas for any test. The DREs corresponding té baghouse exit
flue gas MDLs, and noted with the ">" sign in Table 4-4, were 99.99982 to 99.99987 percent for
naphthalene for all tests, 99.9982 to 99.9987 percent for DNOP in the fluff waste tests, and
99.9933 to 99.9940 percent for DNOP in the soil feed tests. All DREs demoqstrated were

greater than the 99.99 percent level required by the current hazardous waste incinerator

performance standard.




TABLE 4-4. SVOC POHC DREs

Parameter BEHP DNOP Naphthalene
Fluff Waste Tests
Test 1 (11/9/93), kiln temperature: 883°C (1,622°F)
Feed concentration, mg/kg ' 48,800 1,850 20,200
Feedrate, kg/hr ‘ 293 011 121
Baghouse exit flue gas:
Concentration, ug/dscm 70 <12 <09
Emission rate, mg/hr 119 <20 <135
DRE, % 99.99959  >99.9982 >99.99987
Test 2 (11/16/93), kiln temperature: 876°C (1,608°F)
Feed concentration, mg/kg 53,300 2,610 20,200
Feedrate, kg/hr 3.15 0.15 119
Baghouse exit flue gas:
Concentration, ug/dscm 29 <13 <11
Emission rate, mg/hr 194 <25 <22
DRE, % ' 99.99939  >99.9984  >99.99982
- Test 5 (11/18/93), kiln temperature: 762°C (1,403°F) '
Feed concentration, mg/kg 48,300 2,870 20,200
Feedrate, kg/hr 2.94 0.18 123
Baghouse exit flue gas: :
Concentration, ug/dscm » . 9.8 <11 <09
Emission rate, mg/hr 20.1 <23 <18
DRE, % 9999932  >99.9987 >99.99985
Test 6 (11/23/93), kiln temperature: 767°C (1,412°F)
Feed concentration, mg/kg 49,000 2,810 20,200
Feedrate, kg/hr 298 017 123
Baghouse exit flue gas
. Concentration, ug/dscm 62 <12 <10
Emission rate, mg/hr : 113 <22 <18
DRE, % ‘ 99.99962 >99.9987 >99.99985
Soil Feed Tests '
> Test 3 (12/1/93), kiln temperature: 876°C (1,609°F)
Feed concentration, mg/kg 9,810 580 20,200
Feedrate, kg/hr : 0.58 0.034 119
Baghouse exit flue gas:
Concentration, ug/dscm 7.8 <12 <10
Emission rate, mg/hr 15.0 <23 <10
DRE, % 99.9974 >99.9933 >99.99984
Test 4 (12/2/93), kiln temperature: 874°C (1,606°F) o
Feed concentration, mg/kg ' 9,440 547 20,200
Feedrate, kg/hr 0.56 0.032 119
Baghouse exit flue gas:
Concentration, pg/dscm 70 <12 <10
Emission rate, mg/hr ’ , 113 <19 <16
DRE, % ‘ ‘ 99.9980 >99.9940 >99.99986
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As noted in Section 3.2, the ﬂue gas Method 0010 train samples were analyzed for the
 full list of SVOC TCL compounds given in Table 3-6. None were found at compound-specific
MDLs ranging from 0.4 to 8 pug/dscm, with the exception of dimethylphthalate, which was found
in the flue gas for all tests (includihg the blank test, Test 0) at concentrations ranging from 1.1 to
2.1 pg/dscm.

Also recall from the discussion in Section 3 that the five replicates of each fluff waste
and soil feed samples collected were to be analyzed for the SVOC POHC:s in the test program.
This was done for the soil feed samples collected. However, only BEHP was quantitated in all
fluff waste replicate samples. In order to accurately quantitate the DNOP levels measured in
fluff waste samplés, the analysis of undiluted sample extracts was required. However, the
concentration of BEHP in undiluted extracts was so high that the instrument cleanup times
required after an undiluted extract an.alysis were quite lengthy. For this reason, it was decided
to quantitate DNOP and naphthalene in a composite undiluted extract, formed by combining
aliquots of each replicate fluff waste SVOC extract, to give a test composite analysis result for
these two analytes. Each replicate sample extract was then diluted and analyzed for BEHP. The
DNOP concentrations for fluff waste samples given m Table 4-3 represent these test-specific
composite extract analysis results. Naphthalene was not detected in any fluff waste composite
extract sample at an MDL of 130 mg/kg.

Table 4-5 summarizes the BEHP replicate sample analysis results for the fluff waste
samples. The average concentration noted"f'ojr each test is the fluff waste concentration reported
in Table 4-3. The data in the table show that the percent relative standard deviation (% RSD)
of the BEHP concentrétioﬂ measured in the five replicate fluff waste samples analyzed'for each
test ranged from 5.8 to 24.6. All are well within the precision data quality objective (DQO) for

this measurement of 50% RSD. The four test average fluff waste BEHP concentration, from

49
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TABLE 4-5. BEHP CONCENTRATIONS IN REPLICATE FLUFF WASTE SAMPLES

— — ——
BEHP concentration, mg/kg Average
_ ‘concentration,

- Test Sample Replicate 1  Replicate2  Replicate 3  Replicate 4 mg/kg % RSD
1(11/9/93) 27,800 52,800 57,200 50,700 55,600 48,800 246
211/ 16/93) 55,400 51,200 49,000 - 56,100 54,900 53,300 5.8
5 (11/18/93) 51,300 53,300 43,200 47,300 46,200 48,300 8.4
6 (11/23/93) 54,000 43,300 51,900 54,000 42,000 49,000 12.1

‘ 49,900 13.8

4 test total (20 samples)




the analysis of 20 separate fluff samples, was 49,900 mg/kg, with the »20-samplle % RSD) at
13.8 percent. |

Table 4-6 summarizes the results of the replicate soil feed SVOC analysés. Again, the
average concentrations of BEHP and DNOP from the five samples analyzed for éach test are
those given in Table 4-3. As shown in Table 4-6, qaphthalene was not detected in any soil feedv
sample at an MDL of 25 mg/kg. The data in Table 4-6 show that the % RSDs fo;' the individual
test réplicate soil feed analyées were 32.8 and 27.9 percent for BEHP and 48.7 and 30.2 percent

for DNOP. The two test average SVOC contaminant concentrations representihg 10 separate

TABLE 4-6‘. SVOC CONTAMINANT CONCENTRATIONS IN REPLICATE

- SOIL SAMPLES
Concentration, mg/kg
Soil sample BEHP " DNOP Naphthalene

Test 3 , :

Sample , 10,700 508 <25

Replicate 1 14,900 614 <25

Replicate 2 6,450 296 <25

Replicate 3 : ; 8,530 440 <25

Replicate 4 8,470 1,040 <25

Average ‘ _ 9,810 580 <25

% RSD ' - 32.8 48.7 -
Test 4

Sample , 11,000 728 <25

Replicate 1 8270 . 598 <25

Replicate 2 - 9,450 417 <25

Replicate 3 - 5,780 335 <25

Replicate 4 12,700 655 <25

Average 9,440 547 : <25
% RSD : 279 30.2 -
2 test total (10 samples)

Average 9,630 563 <25

% RSD 28.9 38.8 -
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analyses were 9,630 mg/kg for BEHP with 28.9 % RSD, and 563 mg/kg for DNOP with
38.8% RSD. All % RSD variances achieved were within the precision DQO for this
measurement of 50% RSD. | |
43 | VOC ANALYSIS RESULTS

- Table 4-7 summarizes the measured concentrations of thg target VOC analytes in test
érogram samples collected. As for the SVOC analysis data reported in Table 4-3, entries in
Table 4-7 noted as less than values were not detected at the MDLs noted with the "<" sign.
Com"plefe analytical laboratory reports on the VOC analyses are given in Appendices C-1
. and C-2.

As shown in Table 4-7, no fluff waste sample contained 1,1,2-trichloroethane at an MDDL
of 1 mg/kg. This contaminant was absent from ohe test soil sami:le, but found at 28 mg/kg in
the other test soﬂ. Trichloroethene was not found in three of four fluff feeds at an MDL of |
1 mg/kg. It was present in the fourth fluff feed at 2.4 mg/kg, and in the soil test feeds at 2.7to .
3.9 mg/kg. Tetrachloroethene was not detected in two tests’ fluff feed (before spiking) at an
MDL of 4 mg/kg, though if'was p;esent at 4.9 and 17 mg/kg in the other two tests’ fluff feed.
These levels are substantially lower than the 146 mg/kg found in the pretest fluff feed
characterization sample indicated in Table 2-3, although they are comparable to levels reported
in the ROD, indicated in Table 2-2. The contaminated soil tested contained 50 to 93 mg/kg of
native (before spiking) tetrachloroethene, in the range of the levels measured in pretest soil
characterization samples, as well as within the range of concentrations repqrted in the ROD.
The addition of the tetrachloroethene spiké to all test feed Samples‘ raised spiked fluff feed
concen't;raﬁons to 3,100 mg/kg and spiked soil feed concentrations to the 3,200 to 3,300 mg/kg

range, as indicated in Table 4-7.
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TABLE 4-7. VOLATILE ORGANIC CONTAMINANT ANALYSIS RESULTS -

Concentration

. - Tetrachloro-  1,12-Trichloro- Trichloro-
Sample : ethene ethane ethene

Test 0 (10/27/93), kiln temperature: 870°C (1,599°F)

Packaging container material, mg/kg <4 <1 <1
Scrubber liquor, mg/L <0.015 <0.004 <0.004
Baghouse ash, mg/kg <4 : <1 RS

Baghouse exit flue gas, ug/dscm : 0.66 - <009 0.15
Fluff Waste Tests v S
Test 1 (11/9/94), kiln temperature: 883°C (1,622°F)

Fluff feed, mg/kg, native 49 : <1 24
Fluff feed, mg/kg, spiked : 3,100
Kiln ash, mg/kg <4 - <l <1
Scrubber liquor, mg/L <0.015 <0.004 <0.004
Baghouse ash, mg/kg <4 r <1 <1
Baghouse exit flue gas, ug/dscm ‘ 0.27 <0.14 0.16
Test 2 (11/16/93), kiln tempefatﬁre: 876°C (1,608°F)
Fluff feed, mg/kg, native - ' . ' <4 <1 <1
- Fluff feed, mg/kg, spiked _ 3,100
" Kila ash, mg/kg : <4 <1 <1
Scrubber liquor, mg/L <0.015 <0.004 <0.004
Baghouse ash, mg/kg <4 <1 ' <1
Baghouse exit flue gas, ug/dsem ‘ 0711 <0.09 0.14
Test 5 (11/18/93), kiln temperature: 762°C (1,403°F) ,
Fluff feed, mg/kg, native <4 <1 <1
Fluff feed, mg/kg, spiked . 3,100
Kiln ash, mg/kg <4 <1 <t
Scrubber liquor, mg/L - <0.015 <0.004 <0.004
Baghouse ash, mg/kg <4 <1 <1
Baghouse exit flue gas, pg/dscm 0.68 <0.09 0.23
“Test 6 (11/23/93), kiln temperature: 767°C (1,412°F) ,
Fluff feed, mg/kg, native 17 <1 <1
Fluff feed, mg/kg, spiked ~ 3,100 A
Kiln ash, mg/kg = 56 o<1 <1
Scrubber liquor, mg/L <0.015 <0.004 <0.004
Baghouse ash, mg/kg ' <4 <1 <1
Baghouse exit flue gas, ug/dsem . 1 0.61 023 0.09
V ' ' (continued)
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TABLE 4-7. (continued)

Concentration
7 Tetrachlore- 1,12-Trichloro- - Trichloro-
Sample ethene ethane . ethene
Soil Feed Tests '
Test 3 (12/1/93), kiln temperature: 876°C (1,609°F)
Soil feed, mg/kg, native 50 <1 27
Soil feed, mg/kg, spiked 3,200
Kiln ash, mg/kg <4 <1 <1
Scrubber Liquor, mg/L <0.015 <0.004 . <0.004
Baghouse ash, mg/kg v : <4 <1 <1
Baghouse exit flue gas, pg/dscm 157 127 0.73
Test 4 (12/2/93), kiln temperature: 874°C (1,606°F)
Soil feed, mg/kg, native . 93 28 39
Soil feed, mg/kg, spiked _ . 3,300
Kiln ash, mg/kg <4 . <1 ©o<1
Scrubber liquor, mg/L : <0.015 <0.004 <0.004
Baghouse ash, mg/kg . ' <4 . <1 <1
Baghouse exit flue gas, pg/dscm ‘ 0.14 <0.05 0.17

As wz;s the case fo; the SVOC contaminants, incineration treatment of the fluff waste
at both temperatures tested and of the contaminated soil at the one température tested ivas
essentially completely ‘effective in decontaminating the feed materials of their native and spiked
VOC cbntaminants. The kxln ash discharge for all tests contained no detectable VOC
contaﬁﬁnants at MDLs ranging from 1 to 4 mg/kg with the single exception of a 5.6 mg/kg
: conéentration of tetrachlox_'oethene in the kiln ash from one low temperatuté fluff waste test.
This detected level is just above the MDL of 4 mg/kg. In addition, neither the post-test scrubber
liquor nor the baghouse ash from any test contained defectable VOC contaminants at MDLs of
0.004 to 0.15 mg/L in scrubber liquor and 1 to 4 mg/kg in baghouse ash. Pretest scrubber fiquor
sam_ples simi.lérly contained no detectable VOC contéminants at fhe same MDLs.

The. baghouse exit flue gas for all tests, including the blank burn test, cpntained low

levels of both trichloroethene, at 0.09 to 0.73 ug/dscm, and tetrachloroethene, at 0.14 to
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1.57 pg/dscm. No 1,1,2-trichloroethane was found in the baghouse exit flue gas at MDLs of (.05
to 0.14 pg/dscm for the blank burn test, either fluff test at the higher incinerator temperature,
one of the two fluff tests at the lower incineration temperature, and one of the two soil feed
tests. This contaminant was found in the baghouse exit flue gas from the two tests detected atv

-0.23 to 1.27 pg/dscm. vThe baghouse exit flue gas concentration data noted represent averages
for the thrée Method 0030 trép pairs analyzed for each test.‘

Feed contaminant concentration, feedrate, baghouse exit flue gas contaminant .
concentration, and flue gas flowrate data can be combined to calculatev spike tetrachloroethene
DRE:s for each of the tests. Calculated DREs are summarized in Tabie 4-8. As shown in the
table,‘ the measured baghouse exit ﬂue gas tetrachloroethene concentrations corresponded to
tetrachldroethene DREs of 99.9984 to 99.99988 percent over all tests. VComparable
tetrachloroethene DREs were measured for both fluff and soil, and for fluff treated at both
incineration temperatures. All measured DREs were greater than the 99.99 percent level
required by the cufrent hazardous waste incinerator performance standard.

As noted in Section 3, the Method 0030 train samples taken at the baghouse exit were
also analyzed for the extended list of VOCs given in Table 3-7. The results of these analyses are
summarized in Table 4-9 for those VOCs not given in Table 4-7. Concentrations in Table 4-9
noted as less than values were either not detected at the MDL of the procedure used to measure
flue gas VOC concentration, or had a measured concentration not significantly different ﬁcaﬁ

* the method blank concentration. In these latter cases, the method blank concentration is noted
with the "<" sign.

The data in Table 4-9 show that acetone, bromodichloromethane, carbon tetrachloride,
and chloroform were found in the baghouse exit ﬂué"gas for all tests, including the blank test

(Test 0). Flue gas acetone concentrations were the highest for the blank test and the two fluff
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TABLE 4-8. TETRACHLOROETHENE DREs

Parameter ' Tetrachloroethene
Fluff Waste Tests ,
Test 1 (11/9/93), kiln temperature: 883°C (1,622°F)
Feed concentration, mg/kg 3,100
Feedrate, kg/hr : 0.19
Baghouse exit flue gas: : .
Concentration, pg/dscm 0.27
Emission rate, mg/hr ’ 0.46
"DRE, % 99.99975
Test 2 (11/16/93), kiln temperature: 876°C (1,608°F)
Feed concentration, mg/kg . 3,100
Feedrate, kg/hr 0.18
.Baghouse exit flue gas: :
Concentration, ug/dscm 071
Emission rate, mg/hr 14
DRE, % ‘ 99.99924
Test 5 (11/18/93), kiln temperature: 762°C (1,403°F)
Feed concentration, mg/kg 3,100
Feedrate, kg/hr 0.19
Baghouse exit flue gas: '
Concentration, ug/dscm . , 0.68
Emission rate, mg/hr . 14
~ DRE, % 99.99926
Test 6 (11/23/93), kiln temperature: 767°C (1,412°F)
Feed concentration, mg/kg ’ 3,100
. Feedrate, kg/hr : 0.19
Baghouse exit flue gas :
. Concentration, ug/dscm 0.61
Emission rate, mg/hr 11
DRE, % 99.99941
Soil Feed Tests
Test 3 (12/1/93), kiln temperature: 876°C (1,609°F)
Feed concentration, mg/kg 3,200
Feedrate, kg/hr - v 0.19
Baghouse exit flue gas: ‘ ‘ .
" Concentration, ug/dscm 157
Emission rate, mg/hr ' 3.0
DRE, % ' 99.9984
Test 4 (12/2/93), kiln temperature: 874°C (1,606°F)
Feed concentration, mg/kg 3,300
Feedrate, kg/hr ‘ 0.19
Baghouse exit flue gas: -
Concentration, ug/dscm 0.14
Emission rate, mg/hr 0.23
DRE, % ' : 99.99988
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TABLE 4-3. FLUE GAS VOC CONCENTRATIONS

Baghouse exit flue gas concentration, ug/dscm

Blank test Fluff waste tests Soil tests
- Test 0 Test 1 Test 2 Test 5 Test 6 Test 3 Test 4
Compound 10/27/93 11/9/93 11/6/93 11/18/93 11/23/93 12/1/93  12/2/93

Acetone 130 420 460 23 25 14 1.2
Benzene 63 32 300 8.3 <64 14 <52
Bromodichloromethane  0.48 0.17 0.15 12 1.9 4.4 1.6
Carbon disulfide <05 <18 <73 <17 <64 <23 <22
Carbon tetrachloride 0.25 0.83 0.44 0.19 0.41 11 0.36
Chlorobenzene <0.19 <005 11 <004 <0.05 0.60 <0.05
Chloroform 11 3.6 24 23 38 12 42
Dibromochloromethane  <0.09 13 1.3 0.94 12 19 0.74
1,1-Dichloroethene <0.09 - <0.09 <0.09 <0.09 . <0.09 <0.09 <.0.10
c-l,3-Dichlor‘opropene <0.05 <0.05 <0.05 <0.04 0.21 <0.05 <0.05
Methylene chloride <25 18 97 15 34 100 72
Toluene 39 11 210 <20 <21 9.2 <21
1,1,1-Trichloroethane  <0.09 <009 039 016 039 6.1 <0.10
Trichloroﬂuoroinethane_ <10 <23 <24 <26 <15 <0.39

<0.8




vs;aste tests at the higher incineration temperature tested; levels for the fluff waste tests at the
lower incineration temperature and for the soils tests were substantially lqwér. No explanation
for this observation is offered. Flue gas carbon tetrachloride concentrations were comparable
from test to test, including the blank test, and ranged from a few to several tenths of a pg/dscm.
‘Flue gas chloroform concentrations were also comparable from test to test, but were higher, in
the 1 to 12 ug/dscm range. Methylene chloride was measured in the baghouse exit ﬂue gas for
all tests except the blank test; concentrations ranged from 18 to 100 pg/dscm.

Thé presence of bromodichloromethane, seen in the flue gas for all tests, and
dibromochloromethane, seen in the flue gas for all tests except the blank test, arises from the
trihalomethane (THM) con;pounds present in the recirculating scrubber liquor. The plant water
used for scrubber makeup is local well water subjected to a water treatment process that includes
disinfection. The disinfection process leaves low levels of THM compounds in the water. The
observation that dibromochloromethane was not detected in the Test 0 flue gas, but was at
concentrations substantially above the MDL for the fluff waste and soil tests suggests that HCI
or organochlorine compounds, such as methylene ;hloride, need to be present in the flue gas
being scrubbed in order to form diBromochloromethane.

4.4 PCDD/PCDF ANALYSIS RESULTS

As noted in Sectioln 3, incinerator feed, kiln ash, post-test scrubb& liquor, and baghouse
ash samples for all tests were analyzed for PCDDs and PCDFs. In addition, the baghouse exit
flue gas was sampled, and collected samples correspondingly analyzed. Analyses were performed
for the total concentration of each homologue grouping of total tetra-, penta-, hexa-, hepta-, and
octa-chlorinated dibenzo-p-dioxins (TCDD, PeCDD, HxCDD, HpCDD, and OCDD) and

dibenzofurans (TCDF, vPeCD‘F, HxCDF, HpCDF, and OCDF) as well as the concentration of
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each congener chlorinated in the 2, 3, 7, and 8 positions within each group. Analysis results are
given, by sample matrix, in Tabies 4-10 through 4-14.

Two summary measures of dioxin/furan concentrations are commonly cited. The first
measure, total PCDD/PCDF, represents the sum of thg homologue group total concentrations
analyzed. The second measure, 2,3,7,8-TCDD toxicity equivalent (TEQ), is a weighted sum of
each 2,3,7,8-chlorinated congener’s concentration. In calculatiné TEQs, the measured
concentration of each specific 2,3,7,8-chlorinated congener is weighted by a toxicity equivalent
factor (TEF). 'Ihé TEF is a measure of the congener’s toxicity relative to 2,3,7,8-TCDD, which
has a TEF of 1. The TEFs used to calculate the TEQs here are those specified by EPA
(Reference 2) and given in Table 4-15.

Table 4-16 sum;narizes the chlorinated dioxin and furan concentrations in test program
samples in terms of the two summary measures. In many cases, concentrations in Table 4-16 are
reported as ranges'. This arises out of the fact that analyzed concentrations for both homologue
group totals and specific congeners are oftenlreported as being less than ‘én MDL, as indicated
by the less than values in Tables 4-10 through 4-14. Thus, in ca'ses where a concéntration is
listed as a range in Table 4-16, the maximum value in the range corresponds to the assumption
th;it constituents not détected were present at the MDL, and the minimum value in the range
corresponds to the assumption that they were not present, i.e., at zero concentration.

The data in Table 4-16 show that the fluff feed contained 56 rg/kg of total PCDD/
PCDF or 0.73 pg/kg on a TEQ basis (1 ug/kg, often reported as parts per billion, or ppb, equals
1,000 ng/kg, the unit used fof solid samples in Table 4-16; 1 ng/kg is often reported as parts per
trillion, of ppt). Levels in the kiln ash discharge from the higher temperature incineration tests
were somewhat higher at 65 to 89 ug/kg total, or 1.2 to 2.0 pg/kg TEQ. Levels in the kiln ash

discharge from the lower temperature incineration tests were substantially higher, at 830 to
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TABLE 4-10. PCDDs AND PCDFs IN TEST FEED SAMPLES

Test feed concentration, ng/kg

Packaging container

Analyte - Composite fluff Composite soil material

Total TCDD 140 170 1.6
2,3,7,8-TCDD 7.18 2.8 0.20%

~ Total PeCDD 180 310 0.41

- 1,2,3,7,8-PeCDD 31 18 0.152
Total HxCDD 1,360 680 ‘ 3.2
1,2,3,4,7,8-HxCDD 45 28 <0.5
1,2,3,6,7,8-HxCDD 110 54 0.37
1,2,3,7,8,9-HxCDD 150 77 0.30°
Total HpCDD 3,160 790 ' 20.2
1,2,3,4,6,7,8-HpCDD 1,590 ‘ 430 10.0
OCDD 10,700 2,290 126
Total TCDF 2,660 1,360 6.3
2,3,7,8-TCDF ‘ 110 34 . 0.502
Total PeCDF 2,740 1,220 3.0
1,2,3,7,8-PeCDF 250 51 0.44
2,3,4,7,8-PeCDF 220 100 0.37
Total HxCDF 4,660 1,260 1.9
1,2,3,4,7,8-HxCDF 1,580 420 . 0.79
1,2,3,6,7,8-HxCDF 470 100 0.27
2,3,4,6,7,8-HxCDF 530 150 0.742
1,2,3,7,8,9-HxCDF 180 7.28 <04
Total HpCDF 9,360 1,000 29
1,2,3,4,6,7,8-HpCDF 4,180 550 23
1,2,3,4,7,8,9-HpCDF 2,240 120 <0.7
OCDF ‘ 22,100 920 15.7

*Estimated maximum possible coricentration; see Appendix C-6.
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TABLE 4-ii. PCDDs AND PCDF's IN KILN ASH SAMPLES
— — -
Kiln ash concentration, ng/kg
Fluff waste tests Soil tests
Test 1 Test 2 Test 5 Test 6 Test 3 Test 4
(11/9/93) (11/16/93) - (11/18/93) (11/23/93) (12/1/93) (12/2/93)
Kiln exit gas temperature, °C 883 876 762 767 - 876 874
(°F) (1,622) (1,608) (1,403) (1,412) (1,609) (1,606)

Analyte
Total TCDD 320 38 ' 3,190 450 34 6.6
2,3,7,8-TCDD 12 1.0 230 238 0.09* 0.18
Total PeCDD 310 290 10,500 7,120 14 19
1,2,3,7,8-PeCDD 31 19 990 400 1.2t 220
Total HxCDD 910" 2,050 40,400 53,900 47 96
1,2,3,4,7,8-HxCDD 51 120 1,850 2,080 31 6.5
1,2,3,6,7,8-HxCDD 7 160 3,100 . 3,650 36 74
1,2,3,7,8,9-HxCDD ' 210 570 8,300 9,770 14 36

N Total HpCDD 3,830 8,790 117,000 107,000 110 160

0 1,2,3,4,6,7,8-HpCDD 7 1,810 4,480 56,100 . 107,000 57 88

= 0CDD 11,600 14,100 109,000 739,000 230 180
Total TCDF 3,330 2,820 64,300 72,200 - 150 310
23,78-TCDF 82 28 . 760 500 32 36
Total PeCDF 5,730 9,550 110,000 179,000 300 600
1,2,3,7,8-PeCDF 160 120 T 3,450 2,370 : 72 11
2,3,4,7,8-PeCDF 270 470 9,520 15,500 24 44
Total HxCDF 10,800 15,200 101,000 448,000 430 830
1,23,4,7,8-HxCDF 2,770 4,540 54,800" 325,000° 120 230
1,2,3,6,7,8-HxCDF 610 1,220 ) 18,800 25,800 29 54
2,3,4,6,7,8-HXxCDF 2310 4,110 46,900 287,000 80 140
1,2,3,7,8,9-HxCDF 25 83 5,840 1,210 1.7 46
Total HpCDF 15,800 21,200 164,000 360,000 610 910
1,2,3,4,6,7,8-HpCDF 6,180 6,210 51,600 106,000 320 120
1,2,3,4,7,8,9-HpCDF 1,360 3810 233,000 14,800 47 95
OCDF » 12,200 15,400 .114,000 728,000 510 500
*Estimated maximum possible concentration; see Appendix C-6.




TABLE 4-12, PCDDs AND PCDFs IN SCRUBBER LIQUOR SAMPLES
b
Post-test scrubber concentration, pg/L
Blank test Fluff waste tests Soil tests
Test0 . Test 1 Test 2 - Test§ Test 6 Test 3 Test 4
(10/27/93) (11/9/93)  (11/16/93) (11/18/93) (11/23/93) (12/1/93) = (12/2/93)
Kiln exit gas temperature, °C 870 883 876 762 761 - 876 874
(°F) (1,599) (1,622) (1,608) (1,403) (1,412) (1,609) (1,606)

Analyte
Total TCDD <6.1 <28 <56 13 <55 <34 <38
23,78-TCDD <6.1 <28 <56 34 <55 <34 <38
Total PeCDD <9.7 <43 <85 7.9 <10 <6.7 <9.1
1,2,3,7,8-PeCDD <9.7 <43 <85 79 - <10 <6.7 <91
Total HxCDD <96 350 <69 9.1* 8.2° 34 <6.1
1,2,3,4,7,8-HxCDD <11 <44 <78 <4.6 <6.1 . <56 <6.7
1,2,3,6,7,8-HxCDD <88 <34 <6.2 <36 <48 6.6 <56
1,2,3,7,8,9-HxCDD <94 <38 <68 9.0 <53 82* <6.0
Total HpCDD <15 12 18 - 6.6 - 40 100 22

& 1.2,3,4,6,78-HpCDD <15 12 17" 1 22 : 1060 178

N  ocpp <30 51 116 49 YL 440 140
Total TCDF 45 43 8.6° 81 50 98 <28
2,3,7,8-TCDF 28 43 49* 8.1 4.9 18 <28
Total PeCDF 9.9 59 5.7 19 13 180 <4.1
1,2,3,7,8-PeCDF <64 <3.1 <6.2 11 <67 4 4.0
23,4,78-PeCDF 99 <30 <59 85 6.4° 2 <4.1
Total HxCDF 13 28 36 34 11 220 7.2
1,2,3,4,7,8-HxCDF 41* 718 12° 89 13* 80 32
1,2,3,6,7,8-HxCDF 4.6* 33 6.7 78 54 30 <25
2,3,4,6,7,8-HXxCDF 63 12 18 <30 1t . 60 73
1,2,3,7,8,9-HxCDF <6.4 3.0 <57 <33 <42 4 <34 <38
Total HpCDF : <82 82 110 16 130 540 29
1,2,3,4,6,7,8-HpCDF <6.6 32 - 68 19* 53 250 23
1,2,3,4,7,8,9-HpCDF <11 17 C360 13 " 30 86 <74
OCDF <26 190 430 130 220 720 56
*Estimated maximum possible concentration; see Appendix C-6,
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TABLE 4-13. PCDDs AND PDCFs IN BAGHOUSE ASH SAMPLES

Baghouse ash concentration, ng/kg

Blank test Fluff waste tests Soil tests
Test 0 _Test 1 Test 2 Test 5 Test 6 Test 3 Test 4
‘ (10/27/93) (11/9/93)  (11/16/93) (11/18/93) (11/23/93) (12/1/93) (12/2/93)
Kiln exit gas temperature, °C 870 883 876 767 876 874
C°F) (1,559) (1,622) (1,608) (1,403) (1,412) (1,609) (1,606)

Analyte
Total TCDD 0.17 : 0.90 <02 46 06" 0.48 03*
2,3,7,8-TCDD 0.08* <03 <02 0.36 <0.6 023 <0.1
Total PeCDD 0.19 © 15 0.62 53 39 4.6 0.85*
1,2,3,7,8-PeCDD : <0.1 047 <02 1.1 <10 0.58 <02
Total HxXCDD 13 ‘ 6.4 6.2 6.0 19 21 33
1,2,3,4,7,8-HxCDD <02’ <04 <02 0.53 <09 12 03*
1,2,3,6,7,8-HxCDD <0.1 0.69* 0.85 0.76* 1.8* 19* 0.68
1,2,3,7,8,9-HxCDD 036 15 1.7 1.6 50 16* 1.4*
Total HpCDD 10 39 40 20 i/ 9% 27
1,2,3,4,6,7,8-HpCDD 53 21 21 11 37 44 14
OCDD 38 180 180 51 200 250 67
Total TCDF 11 15 12, 39 15 46 85
2,3,7,8-TCDF 0.70 11 0.69 1.9 30 28 12
Total PeCDF ' 25 27 26 50 86 " 130 2
1,2,3,7,8-PeCDF - 028 1.5 1.1 34 5.1 69 1.5*
2,3,4,78-PeCDF | 0.55 32 23 4.7 11 11 35
Total HXCDF 40 . 40 65 46 150 320 61
1,2,3,4,78-HxCDF 1.0 11 18 10 39 80 15
1,2,3,6,7,8-HxCDF 041 39 52 4.7 1 24 55
2,3,4,6,7,8-HxCDF 1.0 9.1 17 89 37 67 15
1,2,3,7,8,9-HxCDF , <0.2 <03 <02 19° 29" 14 0.38*
Total HpCDF 34 83 120 59 250 740 110
1,2,3,4,6,7,8-HpCDF 24 40 79 29 110 41 54
1,2,3,4,7,8,9-HpCDF 0.56 8.1 15* 7.0 34 52 11
OCDF 36 - 120 380 56 230 990 85

*Estimated maximum possible concentration; see Appendix C-6.
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TABLE 4-14. PCDDs AND PCDFs IN BAGHOUSE EXIT FLUE GAS

Baghouse exit flue gas concentration, ng/dscm

Blank test Fluff waste tests Soil tests
Test 0 Test 1 Test 2 Test 5 Test 6 Test 3 Test 4
(10/27/93) (11/9/93) (11/16/93)  (11/18/93)  (11/23/93) (12/1/93)  (12/2/93)
Kiln exit gas temperature, °C -870 883 876 762 767 876 874
CH) (1,599) 622)  (1,608) 403 (412) (1L609)  (1,606)
Analyte
Total TCDD <0.002 0.006" 0.002 <0.003 0.003 <0.002 0.001
2,3,7,8-TCDD <0.002 <0.002 <0.002 <0.003 <0.003 <0.002 <0.001
Total PeCDD <0.002 0.006* 0.006 <0.006 <0.006 <0.003 <0001
1,2,3,7,8-PeCDD <0.002 <0.002 <0.003 <0.006 <0.006 <0.003 <0.001
Total HxCDD <0.005 0.021 0.006 <0.003 0.003 0.013 0.003
1,2,3,4,7,8-HxCDD <0.005 <0.002 <0.002 <0.006 <0.006 <0.003 <0.001
1,2,3,6,7,8-HxCDD <0.002 0.002 - 0.002 <0003 = <0.003 <0.002 0.002
1,2,3,7,8,9-HxCDD <0.005 0.003 0.002 <0.003 <0.003 <0.002 0.001*
Total HpCDD 0.005 0.024 0.021 0.009* 0.009* 0.013 0.019
1,2,3,4,6,7,8-HpCDD 0.005 0.012 0.009 0.006' 0.006° 0.013 0.009
OCDD 0.017 0.021 0.027 0.024 0.016 - 0.066 0.044
Total TCDF 0.017 0.175 0.246 0.065 0.169 0.078 0.078
2,3,7,8-TCDF 0.002 0.015 0.012 0.006 0.019 0.009 0.006
Total PeCDF 0.012° 0.275 0.249 0.065 0.228 0.097 0.062
-1,2,3,7,8-PeCDF <0.002 0.021 0.024 0.009 0019 0.009 0.006
2,3,4,7,8-PeCDF <0.002 0.024 0.021 0.009 0022 0.013 0.009
Total HxXCDF 0.022 0.206 0.224 0.059 0.169 0.085 0.056
1,2,3,4,7,8-HxCDF 0.010 0.057 0.058 0.018 0.047 0.031 0.019
1,2,3,6,7,8-HxCDF 0.005 0.021 0.024 0.006 0.016 0.009 " 0.006*
2,3,4,6,7,8-HxCDF 0.002° 0.024 0.024 0.012 0.022 0.016* 0.012
1,2,3,7,8,9-HxCDF <0.002 <0.002 <0.002 <0.003 <0.003 <0.002 0.001
Total HpCDF 0.024* 0.067 0.061 0.042 0.056 0.066 0.044
1,2,3,4,6,7,8-HpCDF 0.012° 0.051 0.048 0.027 0.047 0.035 0.025
1,2,3,4,7,89-HpCDF <0.005 0.006* 0.009 <0.006 <0.006 0.006 0.006
OCDF 0.017 0.039 0.058 0.027 0.031 0.035 0.025

®Bstimated maximum possible concentration; see Appendix C-6.




TABLE 4-15. 2,3,7,8-TCDD TOXICITY EQUIVALENT FACTORS

(Reference 2)

Compound Toxicity equivalent factor
2,3,7,8-TCDD 1
Other TCDDs 0
2,3,7,8-PeCDD 0.5
Other PeCDDs 0
2,3,7,8-HxCDD 0.1
Other HxCDDs 0
2,3,7,8-HpCDD 0.01
Other HpCDDs 0
OCDD 0.001
2,3,7,8-TCDF 0.1
Other TCDFs 0
1,2,3,7,8-PeCDE 0.05
2,3,4,7,8-PeCDF 0.5
Other PeCDFs 0
2,3,7,8-HxCDFs 0.1
Other HXCDFs 0
2,3,7,8-HpCDFs 0.01
Other HpCDFs 0
OCDF 0.001




TABLE 4-16. TOTAL DIOXINS AND TEQs IN TEST PROGRAM SAMPLES

4-26

Sample- Total PCDD/PCDF TEQ
Test 0 (10/27/93), kiln temperature:
870°C (1,599°F)
Packaging container material, mg/kg 180 . 12-13
Scrubber liquor, pg/L 68-170 - 9.7-25
Baghouse ash, ng/kg : 64 0.94-1.0
Baghouse exit flue gas ng/dscm at 7% O, 0.21 0.005-0.017
Fluff Waste Tests ,
Fluff feed, ng/kg 56,000 730
Test 1 (11/9/93), kiln temperature:
883°C (1,622°F)
Kiln ash, ng/kg 65,000 1,200
Scrubber liquor, pg/L 370-380 4.6-12
Baghouse ash, ng/kg 520 6.8-7.0 -
Baghouse exit flue gas, ng/dscm at 7% O, 13 0.048-0.052
Test 2 (11/16/93), kiln temperature:
876°C (1,608°F) '
Kiln ash, ng/kg 89,000 2,000
Scrubber liquor, pg/L 730-750 7.0-23
Baghouse ash, ng/kg , 740 8.9-9.2
Baghouse exit flue gas, ng/dscm at 7% O, 13 0.044-0.049
Test 5 (11/18/93), kiln temperature:
762°C (1,403°F)
~ Kiln ash, ng/kg 830,000 29,000
Scrubber liquor, pg/L 290 17-18
Baghouse ash, ng/kg 340 81
Baghouse exit flue gas, ng/dscm at 7% O, 0.44 0.016-0.027
Test 6 (11/23/93), kiln temperature:
767°C (1,412°F) :
Kiln ash, ng/kg 2,700,000 110,000
Scrubber liquor, pg/L 520-540 ° 6.7-23
Baghouse ash, ng/kg 1,000 22-23
Baghouse exit flue gas, ng/dscm at 7% O, 0.96 0.038-0.049
' (continued)




TABLE 4-16. (continued)

Sample Total PCDD/PCDF TEQ
Soil Feed Tests
Soil feed, ng/kg 10,000 210

Test 3 (12/1/93), kiln temperature:
876°C (1,609°F)

Kiln ash, ng/kg 2,400 55
Scrubber liquor, pg/L 2,300-2,400 46-54
Baghouse ash, ng/kg _ 2,600 39
Baghouse exit flue gas, ng/dscm at 7% O, 0.68 0.025-0.032

Test 4 (12/2/93), kiln temperature:
874°C (1,606°F)"

Kiln ash, ng/kg 3,600 98
Scrubber liquor, pg/L 260-280 1.3-15
Baghouse ash, ng/kg -390 8.2-84
Baghouse exit flue gas, ng/dscm at 7% 0O, 0.48 0.018-0.020

2,700 pg/kg total, or 29 to 110 ug/kg TEQ. These data indicate that, not only was incineration
treatment ineffective in destroying contaminant dioxins ana furans in the fluff waste, in fact

| condi-tions experienced by the noncombustible fraction of the fluff wasté during incineration
likely led to PCDD /PCDF formation at the lower temperature.

That PCDD/PCDF formation in the kiln ash discharge occurred, af least for the fluff
waste tests at the lower incineration temperatures, is further substantiated by the data in
Table 4-17. The total weight of fluff waste or soil fed and the total weight of kiln ash collected
for each test are combined with respective PCDD/PCDF concentrations from Table 4-15 to
ultimately give the ratios of the amounts of dioxins and furans discharged in the kiln ash to the
amounts introduced in the incinerator feed for each test. The Hata shov;r that, for the ﬂuff waste
tests at the target 870°C (1,600°F) kiln exit gas temperature, the amount of total PCDD/PCDF |

discharged was 5.9 to 8.3 percent of the amount introduced to the incinerator in the fluff feed.
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TABLE 4-17. RATIO OF DISCHARGED DIOXINS AND FURANS TO FED AMOUNT

Ratio of PCDD/PCDF
discharged to amount fed,
Waste feed Kiln ash discharge %
PCDD/PCDF
PCDD/PCDF fed, ug discharged, ug
Total weight Total Total weight Total
Test fed, kg PCDD/PCDF TEQ discharged, kg PCDD/PCDF TEQ Total PCDD/PCDF TEQ
Fluff Waste Tests _
Test 1 (11/9/93) 303 17,000 220 154 1,000 18 - 59 84
Kiln temperature: : :
883°C (1,622°F)
Test 2 (11/16/93) 304 17,000 220 159 1,420 32 83 143
Kiln temperature: '
N 876°C (1,608°F) -
B Test5 (11/18/93) 307 17,200 220 20.4 16,900 590 ' 98.5 264
Kiln temperature: ‘
762°C (1,403°F)
Test 6 (11/23/93) 305 17,100 220 173 46,700 1,900 2713 855
Kiln temperature: '
767°C (1,412°F)
Soil Feed Tests ) .
Test 3 (12/1/93) 288 2,900 60 A 101 240 56 85 92
Kiln temperature:
876°C (1,609°F) ) .
Test 4 (12/2/93) 290 2900 . 61 145 ‘ 520 14.2 18.0 234

Kiln temperature:
874°C (1,606°F)




This would correspond to an effectiveness of dioxin/furan decontamination by incineration at
this higher tested temperature of 91.7 to 94.1 perceht. On a TEQ basis, the ratio of discharged-
to-fed dioxins/furans was 8.4 to 14.3 percent, corresponding to incineration decontamination
effectiveness or a TEQ basis of 85.7 to 91.6 percent at the higher incineration temperature.

However, for the fluff waste tests at the 760°C (1,400°F) target kiln exit gas
temperature, the amount of total PCDD/PCDF discharged was 98.5 to 273 percent of the
amount fed. In other words, the quantity of total PCDD/PCDF discharged for the léwer kiln
temperature fluff tests was roughly the same to 2.77times the amount fed to the incinerator. On
a TEQ basis the ratios of discharged to fee;i dioxins/furans were even larger, at 264 to
855 percent. Clearly, at the lower incineration temperatures, dioxins/furans were being produced
in the noncombustible fraction of the fluff waste feed ultimately discharged as kiln ash.

This should not be surprising, however. It has become recpgm'zed over the past few
years that dioxins and furans arising out of combustion processes result from the formation of
these compounds from precursor organic constituents and a chlorine source, such as HC, at
relatively low temperatures (Reference 5). The presence of metal-containing solids, such as
particulate, appears to catalyze the process. Copper has specifically been shown to catalyze
reactions leading to dioxin/furan formation. The rate of dioxin/furan formation is highest at
temperatures near 300°C (570°F), and this fate decreases as the temperature‘ at which
précursors, a chlorine source, and metal-bearing solids are held is either increased or decreased.

Evidently, the right combination of condifions were in place in the kiln solids bed before,
or shortly after, discharge from the kiln into the ash collectiox; pit of the RKS during the
incineration of the fluff waste at the 760°C (1,400°F) target kiln temperature. Dioxin/furan
precursors were likely present in the nearfbed combustion gas, and chlorine, likely in the form

of HC] from the chloroorganic components of the fluff, was likely in abundance. The fluff waste
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tested contained 17 percent by weight chlorine. As discussed below, a major contaminant metal
in the fluff waste was copper, so this likely dioxin-formation catalyst was present. Apparently
kiln solids bed temperatures were sufficiently close to the peak reaction temperature of 306°C
(570°F) to be within a "dioxin formation" window. The data ﬁearly show that dioxin formation
occurred at the lower ixlxcineration temperature tested. |

All other dioxin formation conditions would have been in effect for the ﬂuff incineration
tests at the 870°C (1,600°F) target kiln exit gas temperature. However, at this higher
incineration témperature, kiln solids bed temperatures were apparently above the window
associated with more rapid dioxin formation. Similar results were seen in the soil feed tests, also
performed at the higher, 870°_C (1,600°F), target kiln exif gas temperature. Ratios of ciischarged
to feed PCDD/PCDFs noted in Table 4-17 for the soil tests are comparable to those experienced
for the ﬂuff waste tests at the higher incineration temperature.

Returning to the data in Table 4-16, the scrubber liqu‘or for the fluff waste tests
contained total PCDD/PCDF concentrations in the 290 to .750 pg/L (1 pg/L is often reported
as parts per quadrillion, or ppq). Scrubber liquor concentrations were in the 4.6 to 23 pg/L
ranges on a TEQ basis. No apparent difference in the scrubber liquor concentrations with
incineration temperatufe was seen. The scrubber liquor concentration measured during the
blank Bum test was comparable to those for the fluff waste tests on a TEQ basis, though total
]éCDD /PCDF concentrations were slightly lower. Scrubber liquor dioxin/furan concentrations
for one of the two soil feed fests were also comparable to those measured for the fluff waste
tests, although levels measured for the other soil feed test were substantially higher.

Baghouse ﬁsh total PCDD/PCDF concentrations ranged from 340 to 1,000 ng/kg (ppt)
for the fluff waste tests, with no apparent change associated with changing incineration

temperature. On a TEQ basis, the measured range was 6.8 to 23 ng/kg. Baghouse ash dioxin
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levels were lower for the blank burn test on both bases. As for the scrubber liquor, baghouse
ash dioxin levels for one of the two soil feed tests were comparable to those measured for the
fluff waste tests; they were higher for the other soil feed test.

Baghouse exit flue gas total PCDD/PCDF levels were 0.021 ng/dscm corrected to
7 pércent O, for the blank burn test. Measured levels were increased; at 1.3 ng/dscm at
7 percent O, for the fluff waste tests at the 870°C (1,600°F) target kiln exit gas temperature.
Levels for the fluff waste test at the 766°C (1,400°F) target kiln exit gas temperature, at 6.44- to
0.96 ng/dscm at 7 percent O,, were slightly lower than for the highér temperature tests. Levels -
for the soil feed tests were comparable, at 0.48 to 0.68 ng/dscm. All measured levels were
significantly lower than the EPA guidance announced in 1993 of 30 ng/dscm at 7 percent Q,.

On a TEQ basis, baghouse exit flue gas dioxin/furan levels were 0.005 to 0.017 ng/dscm
at 7 percent O, for the blank burn test, incréased, at 0.044 to 0.052 ng/dscm at 7 pércent O, for
the fluff waste tests at the 870°C (1,600°F) target kiln exit gas terhperature. Compared to these
latter leveis, comparable to slightly decreased emissions, at 0.016 to 0.049 ng/dscm at 7 percent
0O,, wére measured for the fluff waste tests at the 760°C (1,400°F) target kiln exit gas
temperature. Levels measured for the soil fe;ed tests were also comparable, at 0.018 to
0.032 ng/dscm at 7 percent O,. The European suggested dioxin emission limit for waste
incinerators is 0.1 ng/N‘m3 TEQ corrected to 11 percent O,. Thus, while the temperature
correction for scm is slightly different than for Nm3, and the O, correction for the European
standard, at 11 percent O,, differs from the 7 percent O, used in the Table 4-16 data, all |
emission levels reported in Table 4-16 are lower than the suggested Eurdpean standarci.
4.5 TRACE METAL AND TCLP ANALYSIS RESULTS

Trace metal concentrations meagured in test program samples are su_mmaﬁzed in

Table 4-18. The data in the table clearly show that the major metal contaminants in both the
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TABLE 4-18. TRACE METAL ANALYSIS RESULTS

M — - w
Concentration
Sample Sb As Ba Cd Cr Cu Pb Ni Ag Zn
Test 0 (10/27/93), kiln témperature: 870°C (1,599°F)
Packaging container material, mg/kg <20 <20 67 <05 10 <2 <10 <4 <07 89
Scrubber liquor, mg/L 0.7 <005 85 005 0.7 06 18 030 <0007 66
Baghouse ash, mg/kg 120 <20 18 66 510 58 410 150 <0.7 1,800
Fluff Waste Tests
Test 1 (11/9/93), kiln temperature: 883°C (1,622°F)
Fluff feed, mg/kg » 120 <20 74 14 34 8800 2,400 31 09 100
Kiln ash, mg/kg - 1,100 <20 270 <05 390 186,000 3,000 250 1.7 190
Scrubber liquor, mg/L 4.1 0.12 24 020 19 210 789 12 0.07 19
Baghouse ash, mg/kg : 830 24 38 33 520 31,000 30,000 120 <07 4,100
Baghouse exit flue gas, ug/dscm <21 <19 50 ' <50 <9 85 1,600 6 <2 26
Test 2 (11/16/93), kiln temperature: 876°C (1,608°F)
Fluff feed, mg/kg 180 <20 70 15 38 . 8400 2400 34 13 180
Kiln ash, mg/kg 940 30 220 <05 480 142,000 3800 840 44 260
Scrubber liquor, mg/L ' 37 0.08 18 014 14 130 490 1.0 0.08 11
Baghouse ash, mg/kg 400 <20 22 18 320 14,000 19,000 130 <0.7 2,100
" Baghouse exit flue gas, ug/dscm <11 <22 6 <1 <4 4 130 <5 <2 18
~ Test 5 (11/18/93), kiln temperature: 762°C (1,403°F)
Fluff feed, mg/kg 90 <200 47 13 27 8500 1,100 <3 12 140
Kiln ash, mg/kg 950 <20 240 06 460 115000 5700 150 30 240
Scrubber liquor, mg/L 4.7 0.20 1.5 020 14 170 560 08 0.06 12
Baghouse ash, mg/kg 1,300 . <20 35 54 470 56,000 28,000 150 <07 4,400
Baghouse exit flue gas, pg/dscm <11 <16 6 <1 <4 38 46 <5 <2 13

(continued)
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TABLE 4-18. (continued)

Concentration
Sample Sb As Ba Cd Cr Cu Pb Ni Ag Zn
Fluff Waste Tests (concluded) “
Test 6 (11/23/93), kiln temperature: 767°C (1,412°F) »
Fluff feed, mg/kg 100 <20 81 10 24 8,400 900 46 13 120
Kiln ash, mg/kg 950 46 250 <05 530 176,000 5,700 340 30 . 250
Scrubber liquor, mg/L 49 0.10 14 020 14 180 610 09 0.08 12
Baghouse ash, mg/kg 1,900 <20 19 7 510 77,000 38000 160 1.0 5,000
Baghouse exit flue gas, pg/dscm <10 <14 5 <1 <4 26 38 <4 <2 44
Soil Feed Tests »
Average soil feed, mg/kg 66 <20 72 13 85 14,000 3,100 29 <2 190
Test 3 (12/1/93), kiln temperature: 876°C (1,609°F)
Kiln ash, mg/kg 190 <20 120 <05 73 53,000 4,100 62 15 320
Scrubber liquor, mg/L 1.5 <0.05 13 010 08 110 120 03 0.02 3
Baghouse ash, mg/kg 1,400 <70 29 57 540 64,000 48,000 190 <07 4,200
Baghouse exit flue gas, ug/dscm <10 <15 10 <1 <3 51 190 <9 <2 - 20
Test 4 (12/2/93), kiln temperature: 874°C (1,606°F)
Kiln ash, mg/kg 190 <20 91 <05 S6 35000 4,100 51 19 . 2%
Scrubber liquor, mg/L 13 <0.05 13 020 10 160 180 04 0.02 4
Baghouse ash, mg/kg 950 <20 19 43 520 52000 41,000 200 <0.7 2,900
Baghouse exit flue gas, ug/dsem <13 <29 6 <2 <3 620 2,030 <6 <2 42




fluff waste and the contaminated soil were copper and lead. Both of these metals were also
present in the kiln ash discharge for all tests. The presence of high concentrations of these
metals, especially copper, in the kiln ash discharge substantiates that presumed catalysts for the
relatively low temperature reactions in the dioxin formation pathway would be present in the kiln
ash so that dioxin formation in this matrix, especially as noticed for the lower incineration
temperature fluff wéste tests, can be understood.

Fluff and soil feed, kiln ash, scrubber liquor, and baghouse ash samples from the test
program were subjected to the TCLP ‘and resulting TCLP leachates were analyzed for the test
program trace metals. Leachate analysis data are summarized in Table 4-19 For the six TCLP
metals with regulatory levels defined, the regulatory level is also given in th;: table. The data in
fhe table show that the fluff waste from two of the four tests would be a lead-contaminated TC
hazardous waste. Further, the lead concentrations in the leachates of -the fluff for the other two
tests were very close to the regulatory level for lead. Despité this, no resulting kiln ash discharge
from the incineration of ﬂuff waste would be a TC hazardous waste due to its leachable lead, or
any other metal analyzed, concentration. Similarly, the scrubber liquor from all fluff waste tests
was not TC hazardous. However, the baghouse ash for all fluff waste tests would be a lead-
contamipated TC hazardous wast.e, and for three of the four tests a cadmium-contaminated TC
hazardous waste.

Aithough the contaminated soil tested was not a TC hazardous waste, conclusions
regarding the TC status of the residual discharges from its incineration were the éame as for the
fluff waste. Namely, neither the kiln ash discharge nor the scrubber liquor resulting from its
inciﬁeration under the conditions tested would possess the TC, and the baghouse ash for both

tests performed would be considered both cadmium- and lead-contaminated TC haz_ardous waste.
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TABLE 4-19. TCLP LEACHATE ANALYSIS RESULTS

Leachate concentration, mg/L

Sample leached Sb As Ba Cd Cr Cu ‘Pb Ni Ag Zn

Regulatory Level -t 5 100 1 S - S - 5 —
Test 0 (10/27/93), kiln temperature: 870°C (1,599°F) .
Scrubber liquor <0.03 <0.05 017 <0004 0052 0.05 <0.04 <001 <0007 012
Baghouse ash 33 034 025 030 45 14 007. 17 <0007 84
Fluff Waste Tests
Test 1 (11/9/93), kiln temperature: 883°C (1,622°F)
Fluff feed : 0.23 <005 025 003 <0.007 120 36 0.02 <0007 32
Kiln ash - <003 <005 12 <0.004 032 0.14 042 <0.01 <0007 003
Scrubber liquor 0.55 <005 093 003 0.06 091 052 008 0.08 0.16
Baghouse ash 0.85 0.20 023 14 0.29 720 03800 20 <0007 150

& Test 2 (11/16/93), kiln temperature: 876°C (1,608°F) _

& Fluff feed o 0.26 <005 026 004 <0.007 ' 130 54 0.02 <0007 41
Kiln ash 0.05 <0.05 13 <0.004 041 0.05 0.09 001 <0007 007
Scrubber liquor - 0.42 <005 = 0.76 0.03 0.04 0.09 0.40 0.06 0.09 0.13
Baghouse ash 043 0.08 005 09 0.20 340 1,900 28 0.02 100

Test 5 (11/18/93), kiln temperature: 762°C (1,403°F) )
Fluff feed 026 - <005 019 003 <0007 130 37 0.02 <0007 37
Kiln ash ' 0.24 <02 22 <0005 0.05 <002 <01 <001 <0007 002
Scrubber liquor 0.60 <005 060 003 0.04 13 22 0.05 0.06 0.10
Baghouse ash ' <02 <02 04 18 0.13 1,400 5200 23 0.02 180
Test 6 (11/23/93), kiln temperature: 767°C (1,412°F)
Fluff feed ) 0.26 <005 055 0.03 . <0007 130 - 58 - 002 <0007 46
Kiln ash 0.28 <02 12 <0005 001 0.072 0.50 <0.01 <0.007 0.02
Scrubber liquor 071 <005 06 0.02 0.05 12 0.6 0.06 0.08 0.10
Baghouse ash ) : <02 <02 0.6 18 02 - 1,400 4400 28 0.02 200

*— = No regulatory level; not a TCLP metal, (continued)
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TABLE 4-19. (continued)

Leachate concentration, mg/L

Sample leached .Sb ~As Ba Cd Cr Cu Pb Ni Ag Zn
Regulatory Level - 5 100 1 5 - 5 - 5 -
Soil Feed Tests
Average soil feed 0.09 <005 091 002 <0007 21 0.67 0.02 <0007 11
Test 3 (12/1/93), kiln temperature: “876°C (1,609°F)
Kiln ash <02 <.0.2 0.26 <0.005 0.05 025 <0.1 <001 <0007 13
Scrubber liquor 0.09 <0.05 0.16 <0.004 0.04 0.02 0.08 <001 <0007 001
Baghouse ash 0.90 0.2 050 22 03 760 6,600 27 0.03 120
Test 4 (12/2/93), kiln temperature: 874°C (1,606°F)
Kiln ash <02 <02 ‘070 <0005  0.03 02 02 <001 <0007 004
Scrubber liquor 0.08 <0.05 009 .<0004 010 0.09 039 0.24 <0007 003
Baghouse ash 0.80 0.24 0.2 17 03" 640 5,700 32 0.03 100

e —————
*— = No regulatory level; not a TCLP metal.




The scrubber liquor TCLP leachate metals content data given in Table 4-19 deserve
some discussion, especially when compared to the scrubber liquor metals content data given in
Table 4-18. The scrubber liquor metals data in Table 4-18 correspond to complete scrubber
liquor samples, including the suspended solids in the liquor. For liquid samples containing
suspended solids, the TCLP> specifies filterihg the sample. If the resulting filtered solids content
of the sample is less than 0.5 percent (the case for all scrubber liquor samples collected in this
test program), then the filtrate is defined to be the sample TCLP leachate.

Comparing the scrubber liquor data in Table 4-19 to the data in Table 4-18 shows that
the metals concentrations in the scrubber liquor TCLP léachate are almost always less than, and
in many cases much less than, the corresponding concentrations in the complete scrubber liquor.
This suggests that most of the scrubber liquor’s metals content was accounted for in the
suspended solids fraction of the liquor. | |

Special attention to the lead concentrations is warranted. Lead concentrations in bulk
scrubber liquor samples were in the 120 to 789 mg/L range for the fluff waste and soil feed test;.
These levels far exceed the regulatory level for lead of 5 mg/L. However, lead concentrations
in scrubber liquor TCLP leachates (scrubber liquor filtrate after removal of the suspended solids)
ranged from 0.08 to 2.2 mg/L over the fluff waste and soil feed tests, all below lead’s regulatory
level.

46 PARTICULATE AND HC! EMISSIONS

The baghouse exit flue gas particulate and HCl emission data developed in the test
program are summarized in Table 4-20. The data show that baghouse exit particulate
concentrations were less than 10 mg/dscm corrected to 7 percent O, for all but one test for

which they were 14 mg/dscm at 7 percent O,. All measured levels were well below the current
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TABLE 4-20. PARTICULATE AND HCI EMISSIONS

Baghouse exit

Particulate Apparent
concentration, system HCI
Cl feedrate, mg/dscm at 7%  HCI emission collection
Test . kg/hr 0, rate, g/hr efficiency, %
Test 0 (10/27/93) 0.28 - 7 <02 >99.93
Fluff Waste Tests
Test 1 (11/9/93) 9.48 7 1.7 99.98
Test 2 (11/16/93) 0.48 4 20 ©99.98
Test 5 (11/18/93) 9.48 6 2.0 99.98
Test 6 (11/23/93) 9.48 o 23 99.98
Soil Feed Tests ) |
Test 3 (12/1/93) 1.1 5 26 99.76
Test 4 (12/2/93) 1.1 9 0.7 99.94

hazardous waste incinerator performance standard of 180 mg/dscm at 7 percent O,, and even
substantially below the EPA’s announced 1993 guidance of 34 mg/dscm at 7 percent 0,.

Baghouse exit flue gas HCl emission rates were at most 2.6 g/hr. Apparent system
collection HCl efﬁciéncies‘ were greater than 99.9 percent for all except one soil feed test for
which the apbarent system HCI collection efficiency was 99.76 percent.

Particle size distribution measurements were also performed' for each test using an
Andersen cascade impactor traih in the afterbumer extension. The cascade impactor particle
size distribution data analysis worksheets are presented in Appendix D-6. Figure 4-1 shows the
size distribution data in the form of log-probability plot of cumulative mass percent less than
particle diameter (y-axis, probability scale) versus particle diameter (x-axis, log scale). A stralght

line on such a plot corresponds to a log-normal size distribution.
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The distribution data shown in Figure 4-1 indicate that the size distributions of the
afterburner exit particulate were comparable for 5 of the 6 tests, with the particulate for these
5 £ests being relatively fine, with 50 perce.nt less than 1 ym. The distribution for Test 6 was
distinctly shifted to much larger particle size, with over 90 percent greater than 1 pym. No

explanation for this shift is offered here.
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SECTION §

CONCLUSIONS

Results of the test program conducted to evaluate the incineration treétment of fluff
waste and contaminated soil from the M. W. Manufacturing Superfund site confirm that
incineration represents an effective treatment option, but several cautions regarding its use need
emphasis. Indeed, incineration of the fluff waste offers several benefits including substantial
waste volume reduction, and effective, near complete, decontamination and destruction of both
the VOC and SVOC contaminants in the waste. While the volume reduction benefit is less
significant in the incineration treatment of the contaminated soil, the Beneﬁt of effective and
near complete decontamination and destruction of organic POHC contaminants remains.

Both site materia!s can be incinerated in compliance with the cu1:rent hazardous waste
incinerator performance standards in a rotary kiln incineration system of the type in place at the
IRF with an APCS consisting of a wet scrubber for acid gas control and a baghouse for final
particulate control. Specifically:

. ‘Greater th;m 99.99 percent POHC DREs were uniformly measured

¢  HCI emissions were well below 1.8 kg/hr and system HCI control efficienciés well

above 99 percent
In addition, compliance with the more recent incinerator emissions guidance announced in 1993

was demonstrated. Specifically:




° Particula;e emissions measured were well below 34 mg/dscm corrected to
7 percent O,
e Total PCDD/PCDF emissions measured were well below 30 ng/dscm corrected
to 7 percent O,
In fact, measured dioxin/furan emissions on a TEQ basis were well below the suggested
European emission limit of 0.1 ng/Nm? dry at 11 percent O,.

However, the kiln ash discharge from the incineration of both site materials remains
dioxin-contaminated. The kiln ash discharge from the incineration of contaminated site soil at
a kiln temperature of nominally 87Q°C (1,600°F) contained total PCDD/PCDF concentrations
of 24 to 3.6 p.g/kg.r Levels in the kiln ash discharge from the incinergtion of fluff waste at a
nominal kiln temperature of 870°C (1,600°F) were higher, at 65 to 89 ng/kg. Levels in the kiln
ash discharge from the incineration of fluff waste at a nominal kiln temperature of 760°C
(1,400°F) were substantially higher, at 830 to 2,700 pg/kg.

Thus, with respect to ﬂLiff waste, incineration offers substantial volume reduction,
however the resulting treated waste discharge (kiln ash) may still need to be managed as a
dioxin-contaminated material. Dioxin contamination levels were decreased at higher incineration
temperatures, but they remained significant nonetheless. Perhaps even higher incineration
temperatures, with or without the use of an ash water quench system, would give é kiln ash
discharge relaﬁvely free of dioxin contamination. However, further tests are needed to
investigate this possibility.

In addition, the flue gas particulate collected as baghouse ash in essentially all tests \'was
a cadmium- and lead-contaminated TC hazardous waste. Thus, this discharge would néed to be

appropriately managed as a hazardous waste.




All quality assurance (QA) objectives for the test program were niet, with the exception
of: | |

e  The MDL objectives for: |

—  Tetrachloroethene in solid residues
—  Trichloroethene in aqueous liquids
—  2-nitrophenol in flue gas

—  Zinc in aqueous liquids

®  Theaccuracy and precision objectives for antimony, barium, and silver as assessed

by analyte recovery from MS samples and the RPD of MS/MSD analyses

®  The accuracy objective for the other seven test trace metals as assessed by analyte

recovery from MS samples

The MDLs achieved for the above four analyte/sample matrix combﬁations were not
significantly greater thaﬁ the respective objectives, so no measurable effects on test program "
conclusions resulted.

Failure to meet the precision and accuracy objectives for the antimony, barium, and
silver analyses leads to the conclusion that test program results for these three metals are
compromiéed. The reported data for these three metals should be treated with caution, and test
prograrﬁ conclusions regarding these three metals must be viewed as Fentative.

The accura;:y objective of 70 to 130 percent recovery from MS samples was not met for
‘the other seven test trace metals. However, an objective of 60 to 140 percent recovery would
have been met. This suggests that test program results and conclusions regarding these seven

analytes are valid and defensible, but are just not as certain as had been planned.
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SECTION 6

QUALITY ASSURANCE

This test program was carried out as; outlined in the Qﬁa]ity Assurance Project Plan
(QAPP) for Pilot-Scale Incineration Testing of Fluff Waste and Contaminated Soil from the
M. W. Manufacturing Superfund Site. Thus, all QA aspects of the program were completed as
specified in thé QAPP. Except as noted, all tests were performed in accordance with the
proéedures documented in the QAPP.

All samples analyzed to obtain data reported in this report were taken at the IRF by
members of the IRF operating staff. All samples were collected and/or recovered in accordance
with the methods appropriate to their eventual analysis. After appropriate preservation, the
samples were relinquished to the custody of the onsite Sample Custodian. The éample
Custodian subsequently directed the splitting of samples and the transport of these to the
appropriate laboratories for analysis. The sample c}iain-of;custody procedures described in the
- QAPP for these tests were followed. No comprorpise in sample integrity occurred, with one
exception as néted below.

Numerous QA procedures were followed to assess the data quality of laboratory
anal;'tical measurements pérformed in this test program. These included blank sample analyses,

duplicate analyses, and matrix spike (MS) and matrix spike duplicate (MSD) sample analyses.

Method blank samples were analyzed for all sample matrices for which logical matrix blanks




could be prepared. R;esults of QA procedures performed for the critical laboratory

measurements are discussed, by analyte group, in the following subsec_tions.

6.1 VOC ANALYSES

A total of 50 solid and aqueous samples was analyzed for VOCs by GC/FID using

- Method 8015A. Included in this group were 5 MS/MSD sample sets and 5 duplicate analyses
of test samples. Table 6-1 lists sample collection date, analysis date, and analysis hold time for
these samples. The data in Table 6-1 show that 49 of the 50 samples were analyzed within the
method hold time limit of 14 days. Table 6-2 provides an analogous listing for flue gas samples
analyzed for volatile organic constituents by GC/MS using Method 5040. The data in Table 6-2
show that 35 out of 36 samples were énalyzed, and that all of those analyzed were analyzed
within >the method hold time limit of 42 days. One sample, the Test 3 field blank, was lost in
shipment (the corﬁpromise in sample integrity mentioned above). Still, analytical completeness
was 97 percent (35 of 36).

¢ Table 6-3 summarizes the VOC analysis quality assurance objectives (QAOs) for

precision, accuracy, and completeness. Table 6-4 shows the method detection Limit (MDL)
objectives and the achieved values for the VOC ;inalyses. As can be seen in Table 6-4 the MDL

| objective was met for all primary target analytes.except tetrachloroethene in solid resid‘ues andl
trichloroethene in aqueous liquids. In addition, all secondary target analyte MDLs in ﬂué gas
samples were met. |

VOC analysis precision and accuracy were assessed for GC/FID analyses by preparing

one MS/MSD samplé set for each of the fluff waste, contaminated soil, scrubber liquor, kiln ash,
and baghouse ash sample matrices and measﬁring spike recovery. One pair of VOST traps was

spiked with the primary target analytes for each test and analyzed by GC/MS. In addition, one




TABLE 6-1. SAMPLE HOLD TIMES FOR THE VOC ANALYSES OF SOLID AND LIQUID
SAMPLES BY GC/FID
Sample Collection date  Analysis date  Analysis hold time, days
Test Feed
Test 0 12/21/93 - 01/10/94 20
Composite fluff 10/14/93 10/25/93 11
Composite fluff duplicate 10/14/93 10/25/93 11
Composite fluff MS 10/14/93 10/27/93 13
Composite fluff MSD 10/14/93 10/27/93 13
Test 1 10/14/93 10/25/93 11
Test 2 10/14/93 10/26/93 12
Test 5 10/18/93 10/26/93 8
Test 6 10/18/93 10/29/93 11
Test 3 10/20/93 - 10/28/93 8
Test 3 duplicate 10/20/93 10/28/93 8
Test 3 MS 10/20/93 - 10/29/93 9
Test 3 MSD 10/20/93 10/29/93 9
Test 4 , 10/20/93 10/29/93 9
Scrubber Liquor ]
Test 0 pretest 10/27/93 11/03/93 7
Test 0 post-test 10/27/93 11/03/93 7
Test 0 post-test duplicate 10/27/93 11/04/93 8
Test 0 post-test MS 10/27/93 11/03/93 7
Test 0 post-test MSD - 10/27/93 11/03/93 7
Test 1 pretest 11/09/93 11/11/93 2
Test 1 post-test 11/09/93 11/11/93 2
Test 2 pretest 11/16/93 11/23/93 7
Test 2 post-test - 11/16/93 11/23/93 7
Test 3 pretest 12/01/93 12/07/93 6
Test 3 post-test - 12/01/93 12/07/83 6
Test 4 pretest - 12/02/93 12/07/93 5.
Test 4 post-test 12/02/93 12/07/93 5
Test 5 pretest ‘ 11/18/93 11/29/93 11
Test 5 post-test 11/18/93 11/29/93 11
Test 6 pretest 11/23/93 12/06/93 13
Test 6 post-test 11/23/93 12/06/93 13
Method Requirement ' 14
(continued)
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TABLE 6-1. (continued)

Sample Collection date  Analysis date Analysis hold time, days
Kiln Ash
Test 1 ' 11/09/93 11/11/93 2
Test 2 11/16/93 11/23/93 7
Test 3 12/01/93 12/08/93 7
Test 3 duplicate 12/01/93 '12/08/93 7
Test 3 MS 12/01/93 12/08/93 7
Test 3 MSD , 12/01/93 12/08/93 7
Test 4 12/02/93 12/10/93 8
Test 5 11/18/93 11/29/93 11
Test 6 11/23/93 12/06/93 13
Baghouse Ash

Test 0 10/28/93 11/04/93 7
Test 1 11/09/93 11/11/93 2
Test 2 11/16/93 11/23/93 7
Test 3 12/01/93 12/09/93 8
Test 3 duplicate 12/01/93 12/09/93 8
Test 3 MS 12/01/93 12/09/93 8
Test 3 MSD : 12/01/93 12/09/93 8
Test 4 12/02/93 12/10/93 8
Test 5 . 11/18/93 11/29/93 11

13

Test 6 11/23/93  12/06/93
Method Requirement '

[
=
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TABLE 6-2. SAMPLE HOLD TIMES FOR THE VOC ANALYSES OF METHOD 0030
SAMPLES BY GC/MS

Sample Collection date  Analysis date Analysis hold time, days

Test 0, Set1 10/27/93 11/09/93 12
Test 0, Set 2 10/27/93 11/09/93 12
Test 0, Set 3 10/27/93 11/09/93 12
Test 0, Field blank 10/27/93 11/09/93 | 12
Test 0, MS 10/27/93 11/09/93 - 12
Test 1, Set 1 11/09/93 11/22/93 13
Test 1, Set 2 11/09/93 11/22/93 13
Test 1, Set 3 11/09/93 11/22/93 13
Test 1, Field blank 11/09/93 11/22/93 13
Test 1, MS 11/09/93 11/22/93 13
Test 2, Set 1 11/16/93 12/03/93 17
Test 2, Set 2 11/16/93 12/03/93 17
Test 2, Set 3 11/16/93 12/03/93 , 17
Test 2, Field blank 11/16/93 12/03/93 17
Test 2 MS 11/16/93 12/03/93 17
Test 3, Set 1 12/01/93. 12/16/93 15
Test 3, Set 2 12/01/93 12/16/93 15
Test 3, Set 3 - 12/01/93 12/16/93 15
Test 3, Field blank 12/01/93 lost ‘
Test 3, MS 12/01/93 12/16/93 15
Test 4, Set 1 12/02/93 12/17/93 15
Test 4, Set 2 12/02/93 12/17/93 15
Test 4, Set 3 12/02/93 12/16/93 14
Test 4, Field blank 12/02/93 12/16/93 14
-Test 4, MS ' 12/02/93 12/16/93 14
Test 5, Set 1 . 11/18/93 12/08/93 = . 20
Test 5, Set 2 - 11/18/93  12/08/93 20
Test 5, Set 3 11/18/93 12/08/93 .20
Test 5, Field blank 11/18/93 12/03/93 15
Test 5, MS 11/18/93 12/03/93 15
Test 6, Set 1 11/23/93 12/16/93 23
Test 6, Set 2 11/23/93 12/16/93 23
Test 6, Set 3 : 11/23/93  12/16/93 23

- Test 6, Field blank 11/23/93 . 12/16/93 23
Test 6, MS 11/23/93 12/16/93 23
Trip blank 12/07/93 12/16/93 9
Method Requirement ' . 42
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TABLE 6-3. VOC MEASUREMENT QAOs

—— —— —
Measurement/ Precision, Accuracy, Completeness,

Measurement parameter anaiytical method Reference Conditions % RSD or RPD % %
Volatile organic contaminants Purge and trap " SW-846 Methanol extract 50 52 to 15T 70
in feed, and residue samples  GC/FID Method 8015A  of solid samples
Volatile organic contaminants Method 0030 samplmg, SW-846 - 70 52 to 157 70
in flue gas sampling trains GC/MS analysis Methods 5040

and 8240A

*Compound-specific criteria taken from Table 6, Method 8240A.




TABLE 6-4. VOC MEASUREMENT MDLs: OBJECI'IVES AND ACHIEVED LEVELS

MDL objective
Solid residues, mg/kg Aqueous liquids, ug/L  Flue gas, pg/dscm
Compound objective / achieved  objective / achieved  objective / achieved
Primary Target Analytes
Tetrachloroethene 2/39 ' 20 /41 - 2/005
1,1,2-Trichloroethane ’ 1/1 10/39 1/014
Trichloroethene ’ 1/1 10 / 154 1/005
Secondary Analytes (
Acetone : NA® - NA 2/005
Benzene NA NA 2/023
Bromodichloromethane : NA NA 2/0.05
Carbon disulfide . NA NA . 2 /005
Carbon tetrachloride NA ~ NA 2/0.05
Chlorobenzene NA NA ‘ 2 /0.05
Chlorodibromomethane NA NA 2 /0.05
Chloroform NA NA 2 /005
1,1-Dichloroethane NA NA 2/0.05
1,2-Dichloroethane NA . NA 2/005
1,1-Dichloroethene NA . NA 2 /0.05
trans,1,2-Dichloroethene NA NA 2/005
1,2-Dichloropropane NA NA 2/005
cis-1,3-Dichloropropene NA NA 2/0.05
trans-1,3-Dichloropropene NA . NA : 2 /005
Methylene chloride NA NA 2/0.09
Toluene NA NA 2/023
1,1,1-Trichloroethane NA NA ' 2/ 0.05
Trichlorofluoromethane NA NA 2/005

*NA = Not applicable; analyte not measured in this matrix.

MS/MSD VOST sample set (two pairs of VOST traps) was spiked with the full set of VOC
analy.tes' listed in Table 3-7.

Table 6-5 summarizes VOC recoveries achieved from solid and liquid MS samples
analyzed by GC/FID. The data in Table 6-5 show 29 oui of 30 measurements, or 97 percent,

were within the compound-specific recovery range. As the completeness QAO was 70 percent




TABLE 6-5. VOC RECOVERIES FROM MS SAMPLES ANALYZED BY GC/FID

Spike recovery, %

. Precision
Sample Tetrachloroethene 1,12-Trichloroethane Trichloroethene QAQ, RPD

Test Feed

Composite fluff MS 91.1 90.6 90.7

Composite fluff MSD 95.4 94.0 94.8

RPD, % 46 37 44 . 50

Test 3 soil MS 125 102 102

Test 3 soil MSD 155 98.8 99.6

RPD, % 214 32 v 24 50
Post-test Scrubber Liquor

Test 0 MS 102 101 104

Test 0 MSD 101 ) 100 102

RPD, % 1.0 1.0 19 50
Kiln Ash ° | |

Test 3 MS - 88.8 87.1 90.7

Test 3 MSD 87.0 87.1 91.1

RPD, % 20 . 0 04 50
Baghouse Ash

Test 3 MS ' 94.7 85.4 100

Test 3 MSD v 97.8 , 99.8 _ 102

RPD, % 32 ‘ 156 ' 2.0 50
Accuracy QAO 64-148 | 52150 71-157

for this measurement, the accuracy QAO, as measured by spike recovery from MS/MSD
| samples, was met. |
The data in Table 6-5 also show that all 15 duplicate measurements were within the
precision QAO of 50 percent RPD. Thus, the VOC measurement precision QAO for the
GC/FID analyses, as measured by MS/MSD sample analyses, was met.
Table 6-6 summarizes the VOC spike recoveries from the VOST trap MS/MSD sample
analyses by GC/MS. The data in Table 6-6 show that 53 out of 61 meaéurements, or 87 percent,

were within the compound-specific recovéry ranges. The completeness QAO for this
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VTABLE 6-6. YOC RECOVERIES FROM MS SAMPLES ANALYZED BY GC/MS

Spike recovery, %

Primary target .

analytes TestO0 Testl Test2 Test3 Testd4 Test6 Test6 QAO*
Trichloroethene 97 99 102 50 62 66 73 71-157
1,1,2-trichloroethane 51 68 74 43 63 52 64 52-150
Tetrachloroethene 85 94 91 58 74 51 86 64-148

Spike recovery, %

Secondary analytes MS MSD QAO* RPD, %
Trichlorofluoromethane 826 69.4 17-181 174
1,1-Dichlorocthene 922 88.8 59-155 38
Methylene chloride 976 . 108.2 D-221 103
trans-1,2-Dichloroethene 882 : 854 54-156 , 32
1,1-Dichloroethane 75.0 826 59-155 T 96
Chloroform 71.8 83.2 51-138 14.7
1,2-Dichloroethane 878 80.8 49-155 83
1,1,1-Trichloroethane 66.8 710 52-162 6.1
Carbon tetrachloride 72,6 762 - 70-140 48
Benzene 97.4 762 37.151 244
Trichloroethene 76.2 . 70.2 71-157 82
1,2-Dichloropropane 804 742 D-210 8.0
Bromodichloromethane 84.6 762 35-155 104
cis-1,3-Dichloropropene 782 61.2 D-227 244
trans-1,3-Dichloropropene 81.2 376 17-183 73.4
1,1,2-Trichloroethane 72.6 64.6 52-150 11.7
Dibromobhloromethane 78.6 68.8 53-149 133
Toluene 876 127 47-150 37.0
Tetrachloroethene 710 64.8 64-148 9.1
Chlorobenzene 772 63.0 37-160 12.7
Precision QAO, RPD 70

*Compound-specific criteria taken from Table 6, Method 8240A; D denotes detected.

measurement was 70 percent; therefore, the accuracy QAO, as measured by spike recovery, was
met. The data in Table 6-6 also show that 19 out of 20 RPD measurements, or 95 percent, were
within the precision QAO of 70 percent RPD. Therefore, the VOC measurement precision

QAO for the GC/MS analyses, as measured by MS/MSD sample analyses, was met.




One sample from eachvof the fluff feed, soil feed, kiln ash, baghouse ash, and post-test
scrubber liquor matrices was analyzed in duplicate as a further check on measurement precision.
Neither of the kiln ash, baghouse ash, or scrubber liquor duplicate samples contained any
defectable volatile organic target analytes, so no precision information was obtained from these
anaiyses. Table 6-7 summarizes the duplicate sample analysis ;-esults for the two test feed
matrices. All precision measurements shown met the precision QAO of 50 percent RPD.

Table 6-8 sﬁmmarizes the method surrogate recoveries achieved inthe GC/FID analyses
of test samples. Table 6-9 presents an analogous summary for the GC/MS analyses. The data
in Table 6-8 show that 95 out of 100, or 95 percent, of the surrogate recoveries were within the
surrogate-specific accuracy QAO range. The data in Table 6-9 show that 105 out of 140, or
75 percent, of the surrogate recoveries were within the surrogate-speciﬁc‘ accuracy éAO range.
Because the completeness QAO was 70 percent for this measurement, the accuracy QAOQO, as

‘measured by surrogate recovery, was met for both the GC/FID and the GC/MS analyses.

TABLE 6-7. DUPLICATE SAMPLE VOC ANALYSIS RESULTS

_ Concentration
Sample | Analysis  Duplicate analysis RPD, %
Test Feed, mg/kg ‘
Composite fluff
Tetrachloroethene 48 <4 18
1,1,2-Trichloroethane : <1 <1 0
Trichloroethene 1.2 <1 18
Test 3 séil
Tetrachloroethene 50 - 50 0
1,1,2-Trichloroethane <1 <1 0
Trichloroethene . 27 ‘ 2.7 0
Precision QAO, RPD ' 50
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TABLE 6-8. YOC SURROGATE RECOVERIES IN THE GC/FID ANALYSIS OF TEST

SAMPLES
Surrogate recovery, % Surrogate recovery, %
1L,11- 1,1,1-
Trichloro- 4-Bromo- Trichloro- 4-Bromo-
Sample ethane  fluorobenzene Sample ethane  fluorobenzene
Test Feed Kiln Ash
Test 0 975 113 Test 1 - 877 98.4
Composite fluff 93.6 972 Test 2 v 944 99.6
Composite fluff duplicate 672 115 " Test3 702 834
Composite fluff MS 819 125 Test 3 duplicate 793 88.9
Composite fluff MSD 821 120 Test 3 MS 764 86.7
Test 1 864 82.1 .Test 3 MSD 3.0 834
Test 2 134 141 Test 4 80.2 929
Test 5 118 123 Test § 925 73.0
Test 6 140 150 Test 6 90.0 93.6
Test 3 703 852
Test 3 duplicate 729 85.7
Test 3 MS 717 87.0 Baghouse Ash
Test 3 MSD _ 735 90.7
Test 4 710 945 Test 0 93.7 105
‘ Test 1 93.8 104
Scrubber Liquor Test 2 86.7 106
Test 3 - 781 103
Test 0 pretest 91.6 105 . Test 3 duplicate 812 105
; Test 0 post-test - 84.6 96.7 : Test 3 MS 76.4 96.9
Test 0 post-test duplicate 893 101 Test 3 MSD 78.7 102
i Test 0 post-test MS 89.9. - 103 Test 4 90.4 105
Test 0 post-test MSD 91.6 106 Test § 92.1 107
- Test 1 pretest 94.1 104 Test 6 90.4 107
Test 1 post-test 92.5 106
Test 2 pretest 90.4 103
Test 2 post-test 924 109
Test 3 pretest 89.1 102
Test 3 post-test : 874 100
Test 4 pretest 833 93.0
Test 4 post-test 879 100
Test S pretest 877 101
Test 5 post-test 863 97.9
Test 6 pretest ‘ 885 103
“Test 6 post-test 88.4 100
Recovery QAO 52-162 74-121 Recovery QAO 52-162 74-121
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TABLE 6-9. VOC SURROGATE RECOVERIES IN THE GC/MS ANALYSIS OF
METHOD 0030 SAMPLES

Surrogate recovery, %

Sample 1,2-Dichlorcethane-d;  Toluene-dg  Benzene-d, 4-Bromofluorobenzene
Test 0 '
Set 1 98 90 84 92
Set 2 - 98 88 89 61
Set 3 9 89 64 61
Field blank 96 98 65 62
Ms 101 ' 97 57 45
Test 1
Set 1 128 84 96 90
Set 2 128 88 96 65
Set3 115 93 98 85
Field blank 111 104 100 84
MS 119 98 99 76
Test 2 ,
Set 1 20 80 96 152
Set 2 104 _ 121 107 94
Set 3 100 105 130 93
Field blank -108 98 116 80
Ms : 104 . 106 119 109
Test 3 ,
Set1 175 90 118 - 168
Set 2 256 9% 127 204
Set 3 . 134 98 108 86
Field blank —— Sample Lost e
MS ‘ 126 102 107 ) 75
Test 4
Set 1 128 97 109 : A
Set 2 127 97 109 83
Set 3 131 98 108 . 56
Field blank 131 101 108 94
MS 128 103 108 82
Test § ' ‘ ;
Set 1 118 - 88 91 49
Set 2 126 85 94 48
Set 3 ‘ 108 97 88 33
Field blank 98 97 110 76
MS 111 105 132 68
Test 6 '
Set 1 128 98 110 ' 101
Set 2 122 100 106 ‘ 57
Set3 123 100 105 62
Field blank 131 100 108 64
Ms 121 105 113 94
Trip blank 135 103 105 46
Recovery QAO 70-121 81-117 74-121 74-121
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6.2 SVOC ANALYSES

A total of 101 samples was analyzed for SVOCs. Included in this group were 17 method
blanks, 1 field blank, 7 MS/MSD sample sets, 3 sets of duplicate test samples, and 6 sets of
replicate feed samples. Tébie 6-10 lists the sample collection date, extraction date, analysis date,
and analysis hold time for these samples. As shown in Table 6-10, 89 of 101 samples, or
88 percent were extracted within the specified method extraction hold time. The data also show
that all sample extracts were analyzed within the analysis hold time specified by the method.

Table 6-11 summarizes the SVOC measurement QAOs for precision, accuracy, and
completeness. Table 6-12 list.s the MDL objecfives and the levels achieved. As can be seen in
Table 6-12, the MDL objective was achieved for all of the analytes except 2-nitrophenol in flue
gas, a secondary analyte. SVOC measurement precision and accuracy were assessed by
‘preparing two MS/MSD sample sets for the test feed (one set for each feed type) and kiln ash
matrices, and one MS/MSD sample set for the baghouse asﬁ, scrubber liquor, and Method 0010
train matrices. Table 6-13 summarizes the spike recovery data obtained for solid and liquid
samples. * Table 6-14 presents an analogous summary for Method 0010 train samples.

The data in Table 6-13 show that all achievéd spike recoveries were within the
compound-specific recovery objective ranges. Thus, the measurement accuracy QAQ), as
measured by spike recovery from solid and liquid samples, was met. Table 6-13 also shows that
all 12 RPD measurements for MS/MSD analyses were within the precision QAO of 50 percent
RPD. Thus, the SVOC measurement precision QAQ, as measured by solid and liquid MS /MSD
sample analyses, was also met.

. The data in Table 6-14 show that all 112 spike recovery measurements from Method
0010 train samples were within the compound-specific recovery objective ranges. Thus, the

measurement accuracy QAO, as measured by spike recovery, was met. Table 6-14 also shows
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TABLE 6-10. SAMPLE HOLD TIMES FOR THE SVOC ANALYSES BY GC/MS

‘ Extraction Analysis
Collection  Extraction  hold time,  Analysis hold time,
Sample date date days date days
Test 1 Feed v
Extract 1 10/14/93 10/26/93 12 © 11/19/93 24
.Extract 2 10/14/93 . 10/26/93 12 11/19/93 24
Extract 3 10/14/93 10/26/93 12 11/19/93 24
Extract 4 10/14/93 10/26/93 12 11/19/93 24
Extract 5 : 10/14/93 10/26/93 12 11/19/93 24
MS 10/15/93 11/05/93 21 12/10/93 35
MSD : 10/15/93 11/05/93 21 12/10/93 35
Test 2 Feed '
Extract 1 10/15/93 10/27/93 12 11/21/93 25
Extract 2 10/15/93 10/27/93 12 11/21/93 25
Extract 3 10/15/93 10/27/93 12 11/21/93 25
Extract 4 _ 10/15/93 10/27/93 - 12 11/21/93 26
Extract 5 - 10/15/93 10/27/93 12 11/21/93 26
" Test 3 Feed
Extract 1 10/20/93: 11/04/93 15 12/06/93 32
Extract 2 ' 10/20/93 11/04/93 15 12/06/93 32
Extract 3 _ 10/20/93 11/04/93 15 12/06/93 32
Extract 4 10/20/93 11/04/93 15 12/07/93 33
Extract § 10/20/93 11/04/93 15 12/07/93 33
MS 10/20/93 11/05/93 16 12/10/93 35
MSD N 10/20/93 11/05/93 16 12/10/93 35
Test 4 Feed
Extract1 10/20/93 11/03/93 14 - 12/07/93 34
Extract 2 10/20/93 11/03/93 14 12/07/93 34
Extract 3 10/20/93 11/03/93 14 12/07/93 34
Extract 4 10/20/93 11/03/93 14 12/07/93 34
" Extract 5 10/20/93 11/03/93 14 12/07/93 34
Test 5§ Feed
Extract 1 10/18/93 10/28/93 10 11/21/93 24
Extract 2 10/18/93 10/28/93 - 10 11/21/93 24
Extract 3 10/18/93 10/28/93 - 10 11/21/93 24
Extract 4 10/18/93 10/28/93 10 11/22/93 25
Extract 5- 10/18/93 10/28/93 10 11/22/93 25
Method Requirement ' 14 40
‘ (continued)
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TABLE 6-10. (continued)

6-15

Extraction Analysis -
Collection  Extraction hold time, Analysis hold time,
Sample date date days date days
Test 6 Feed |
Extract 1 ' 10/18/93  10/29/93 11 11/21/93 23
Extract 2 10/18/93 10/29/93 11 11/22/93 24
Extract 3 : 10/18/93 10/29/93 11 11/22/93 24
Extract 4 ' 10/18/93 10/29/93 1 11/22/93 24
Extract 5 10/18/93 10/29/93 11 11/23/93 25
Feed Packaging Container
Material (Test 0)
Sample 1 12/21/93 01/05/94 15 01/13/94 8
Sample 2 12/31/93 01/05/94 5 01/13/94 8
Feed Method Blanks
Blank 1 - 10/21/93 10/22/93 - 1 11/21/93 30
Blank 2 11/02/93 11/03/93 1 12/09/93 36
Blank 3 11/03/93 11/04/93 1 12/10/93 36
Kiln Ash ) '
Test 1 11/09/93  11/16/93 7 12/17/93 31
Test 2 11/16/93 11/18/93 2 12/21/93 33
Test 3 ‘ 12/01/93  12/03/93 2 01/07/94 35
Test 3 duplicate 12/01/93 12/08/93 7 01/10/94 33
Test 3 MS ‘ 12/01/93 12/07/93 6 01/07/94 31
Test 3 MSD 12/01/93 12/07/93 6 01/07/94 31
Test 4 12/02/93 . 12/08/93 6 01/10/94 33
Test 5 11/18/93 11/24/93 6 12/23/93 29
Test 6 11/23/93 12/01/93 - 8 01/06/94 36
Test 6 MS 11/23/93 12/09/93 15 01/10/04 32
Test 6 MSD 11/23/93 12/09/93 15 01/10/94 32
- Baghouse Ash
Test0 10/28/93 11/09/93 12 12/16/93 37
Test 1 ‘ 11/10/93 11/16/93 6 12/17/93 "31
Test 2 11/16/93 11/18/93 2 12/21/93 33
Test 3 © 12/01/93 12/03/93 © 2 01/07/94 35
Test 3 duplicate 12/01/93 12/08/93 7 01/10/94 33
Test 4 12/02/93 12/08/93 6 01/10/94 33
Test 5 11/18/93 11/24/93 6 12/23/93 29
Test 6 11/23/93 12/01/93 8 01/06,/94 36
Test 6 MS 11/23/93 12/07/93 14 01/07/94 31
Test 6 MSD 11/23/93 12/07/93 14 01/07/94 31
Method Requirement 14 40
(continued)




TABLE 6-10. (continued)

Extraction . Analysis
) Collection  Extraction hold time,  Analysis hold time,
Sample date date days ~ date days
Ash Method Blanks
Blank1 . 11/08/93  11/09/93 1 12/10/93 31
Blank 2 11/15/93 11/16/93 1 12/21/93 35
Blank 3 11/17/93  11/18/93 1 12/21/93 - 33
Blank 4 11/23/93  11/24/93 1 12/23/93 29
Blank 5 ‘ 11/30/93 12/01/93 1 01/06/94 36
Blank 6 12/02/93 12/03/93 1 01/07/94 34
Blank 7 12/07/93 12/08/93 1 01/10/94 32
Blank 8 12/08/93 12/09/93 1 01/10/94 31
Scrubber Liquor
_Test 0 pretest 10/27/93 11/02/93 6 12/09/93 37
Test 0 post-test 10/27/93 11/02/93 6 12/09/93 37
Test 1 pretest 11/09/93 11/16/93 7 12/17/93 31
Test 1 post-test 11/09/93 11/16/93 7 12/17/93 31
Test 2 pretest : 11/16/93 11/22/93 6 12/21/93 29
Test 2 post-test ' 11/16/93 11/22/93 6 12/21/93 29
Test 3 pretest 12/01/93  12/09/93 8 01/11/94 33
Test 3 post-test 12/01/93 12/09/93 8 01/11/94 . 33
Test 3 post-test duplicate 12/01/93  12/09/93 8 01/11/94 33
Test 4 pretest C12/02/93  12/09/93 7 01/11/94 33
Test 4 post-test 12/02/93 12/09/93 7 01/11/94 33
Test 4 MS 12/02/93 12/10/93 8 01/11/94 32
Test 4 MSD 12/02/93 12/10/93 8 01/11/94 32
Test 5 pretest 11/18/93 11/22/93 4 12/23/93 31
Test 5 post-test : 11/18/93 11/22/93 4 12/23/93 31
Test 6 pretest 11/23/93 11/30/93 7 12/23/93 23
Test 6 post-test ‘ 11/23/93 11/30/93 7 12/23/93 23
Scrubber Liquor Method Blanks
Blank 1 o 11/01/93  11/02/93 1 12/09/93 37
Blank 2 11/15/93  11/16/93 1 12/21/93 35
Blank 3 11/22/93 11/22/93 0 12/23/93 31
Blank 4 11/29/93  11/30/93 1 12/23/93 23
Blank 5 12/09/93  12/10/93 1 01/11/94 31
Method Requirement 14 40

(continued)
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TABLE 6-10. (continued)

Extraction Analysis
Collection  Extraction " hold time, Analysis hold time,
Sample date date days date days
Method 0010 Train
Test 0 10/27/93 . 10/28/93 1 11/24/93 27
Test 1 , 11/09/93 11/10/93 1 11/24/93 14
Test 2 : 11/16/93 11/17/93 1 12/20/93 33
Test 3 12/01/93 12/02/93 1 12/20/93 35
Test 4 12/02/93 12/03/93 1 01/07/94 35
Test 5 - 11/18/93 11/19/93 1 12/21/93 32
Test 6 11/23/93 11/24/93 1 12/23/93 29
Method blank 11/02/93 11/03/93 1 12/10/93 37
Field blank 12/01/93 12/02/93 1 01/07/94 35
Blank spike : 12/08/93 12/09/93 1 01/10/94 31
Blank spike duplicate 12/08/93 12/09/93 1 01/10/94 31
Method Requirement 14 40
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TABLE 6-11. SVOC MEASUREMENT QAOs

Measurement/ Precision, Accuracy, Completeness,
Measurement parameter analytical method Reference Conditions % RSD or RPD % V3
Semivolatile organic Extraction, SW-846 Methylene“ - 50 D-262" 70
contaminants in feed, residue, concentration, Methods 0010, 3520A, chloride
and flue gas samples GC/MS 3540A, and 8270A  extraction

*Compound-specific criteria taken from Table 6, Method 8270A.
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TABLE 6-12. SVOC MEASUREMENT MDLs: OBJECTIVES AND ACHIEVED LEVELS
MDL objective
Solid residues, mg/kg Aqueous liquids, pg//L Flue gas, ug/dscm
Compound Objective  Achieved Objective  Achieved Objective Achieved
Primary Target Analytes ' '
Naphthalene ' 2 03 20 31 10 09
Bis(2-ethylhexyl)phthalate 2 13 20 13 10 39
Di-n-octylphthalate 2 04 20 38 10 12
Flue gas, pg/dscm Flue gas, pg/dscm
Comﬁound Objective Achieved Compound Objective Achieved
Secondary Analytes® . o Secondary Analytes® ,
Phenol 10 45 2,4-Dinitrophenol - 10 33
Bis(2-chloroethyl)ether 10 13 4-Nitrophenol 10 25
2-Chlorophenol 10 .71 Dibenzofuran 10 21
1,3-Dichlorobenzene . 10 15 2,4-Dinitrotoluene 10 39
1,4-Dichlorobenzene 10 .18 Diethylphthalate 10 1.7
1,2-Dichlorobenzene 10 13 Fluorene "10 13
Bis(2-chloroisopropyl)ether 10 10 4-Chlorophenylphenylether 10 15
N-nitroso-di-n-propylamine 10 16 4,6-Dinitro-2-methylphenol 10 28
Hexachloroethane 10 13 N-nitrosodiphenylamine 10 43
Nitrobenzene 10 . 23 4-Bromophenylphenylether 10 0.7
Isophorone 10 14 Hexachlorobenzene 10 0.6
2-Nitrophenol 10 139 Pentachlorophenol 10 17
2,4-Dimethylphenol 10 1.5 Phenanthrene 10 0.7
Bis(2-chloroethoxy)methane 10 .49 Anthracene . ‘ 10 038
2,4-Dichlorophenol 10 73 Di-n-butylphthalate 10 53
1,2,4-Trichlorobenzene 10 18 Fluoranthene 10 04
Hexachlorobutadiene " 10 0.9 Pyrene 10 13
4-Chloro-3-methylphenol 10 58 Butylbenzylphthalate 10 6.7
2-Methylnaphthalene 10 1.0 Benzo(a)anthracene 10 05
2,4,6-Trichlorophenol 10 19 Chrysene 10 0.7
2,4,5-Trichlorophenol 10 73 Benzo(b)fluoranthene - 10 0.7
2-Chloronaphthalene 10 0.7 Benzo(k)fluoranthene 10 08
Dimethylphthalate - 10 04 Benzo(a)pyrene 10 0.7
Acenaphthylene 10 23 Indeno(1,2,3-cd)pyrene 10 . 12
2,6-Dinitrotoluene 10 13 Dibenz(a,h)anthracene 10 13
Acenaphthene 10 18 Benzo(ghi)perylene 10 0.9
*Measurement not performed on solid and liquid matrices. By
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TABLE 6-13. SVOC RECOVERIES FROM SOLID AND LIQUID MS SAMPLES
ANALYZED BY GC/MS

Spike recovery, %

Sample Naphthalene BEHP DNOP  Precision QAO, RPD

Test 1 Feed® ,, ‘

MS 88.0 NsP 'NS

MSD 4 83.5 NS NS

RPD, % 52 , - - 50
Test 3 Feed®

MS 869 NS NS

MSD 88.7 NS NS -

RPD, % ' 2.1 - — . 50
Test 3 Kiln Ash

MS 88.1 81.8 81.3

MSD 93.9 90.3 87.2

RPD, % 6.4 9.9‘ 7.0 50
Test 6 Kiln Ash

MS 78.8 71.0 79.3

MSD 90.3 83.5 91.0

RPD, % 13.6 16.2 13.7 50
Test 6 Baghouse Ash®

MS 91.6 Is¢ IS

MSD 85.3 ' IS IS

RPD, % 7.1 - - 50

- Test 4 Scrubber Liquor |

MS | 85.7 740 807

MSD 86.2 599 723

RPD, % 0.6 21.1 11.0 50
Accuracy QAO 21-133 8-158 4-146

*The amount of phthalates in the fluff and soil feed exceeded 1 percent therefore spiking
Jas not required.
NS = Not spiked.
“The phthalate spiking levels were msxgmficant compared to the native amount found in
the baghouse ash.
9IS = Insufficient spike.
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TABLE 6-14. SVOC RECOVERIES FROM THE METHOD 0010 MS SAMPLES
ANALYZED BY GC/MS

Compound

" Spike recovery, %

RPD

MS MSD QAO
Phenol 75.6 823 5-112 8.5
Bis(2-chloroethyl)ether 84.6 88.2 12-158 4.2
2-Chlorophenol 83.5 88.2 23-134 55
1,3-Dichlorobenzene 84.4 85.3 D-172 1.1
1,4-Dichlorobenzene 87.0 87.8 20-124 0.9
1,2-Dichlorobenzene 83.7 90.4 32-129 7.7
Bis(2-chloroisopropyl)ether 702 74.9 36-166 6.5
N-Nitroso-di-n-propylamine 89.2 96.6 D-230 8.0
Hexachloroethane 84.5 823 40-113 26
Nitrobenzene 89.3 88.9 35-180 0.5
Isophorone 86.8 83.9 21-196 24
2-Nitrophenol 88.5 - 90.0 29-182 1.7
2,4-Dimethylphenol 372 52.8 32-119 34.7
Bis(2-chloroethoxy)methane 84.3 87.5 33-184 3.7
2,4-Dichlorophenol - 87.3 93.5 39-135 - 6.9
1,2,4-Trichlorobenzene 95.2 92.1 44-142 33
Naphthalene 90.2 87.8 21-133 2.7
Hexachlorobutadiene 96.3 95.1 24-116 13
4-Chloro-3-methylphenol 93.2 102 22-147 9.0
2-Methylnaphthalene 88.4 91.6 21-133 3.6
2,4,6-Trichlorophenol 87.2 103 37-144 16.6
2,4,5-Trichlorophenol 95.8 101 37-144 53
2-Chloronapthalene 85.2 93.6 60-118 9.4
Dimethylphthalate 85.7 96.3 D-112 11.7
Acenapthylene 80.7 88.6 33-145 9.3
2,6-Dinitrotoluene 89.7 101 50-158 11.9
Acenaphthene 89.5 95.1 47-145 6.0
2,4-Dinitrophenol 64.1 87.2 D-191 305
4-Nitrophenol 80.9 91.5 D-132 12.3
Dibenzofuran 83.5 94.0 27-133 1.8
2,4-Dinitrotoluene 89.3 103 39-139 14.3
Diethylphthalate 84.5 - 94.8 D-114 11.5
Fluorene 82.1 91.7 59-121 11.1
4-Chlorophenylphenylether 88.2 98.3 25-158 10.8
4,6-Dinitro-2-methylphenol 69.4 875 D-181 23.1
Precision QAO, RPD - 50
(continued)
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TABLE 6-14. (continued)

Spike recovery, %

Compound MS MSD - QAO RPD
N-Nitrosodiphenylamine 86.0 93.8 D-230 8.7
4-Bromophenylphenylether 97.0 106 53-127 8.9
Hexachlorobenzene 103 109 D-152 5.7
Pentachlorophenol 104 114 14-176 9.2
Phenanthrene 91.2 97.5 54-120 6.7
Anthracene 89.4 96.4 27-133 75
Di-n-butylphthalate 89.7 95.4 1-118 6.2
Fluoranthene 92.2 96.7 26-137 4.8
Pyrene 822 90.6 52-115 9.7
Butylbenzylphthalate 76.9 82.6 D-152 72
Benzo(a)anthracene 86.3 94.9 33-143 9.5
3,3-Dichlorobenzidine 79.6 94.6 D-262 17.2
Chrysene 87.0 96.2 17-168 10.0
Bis(2-ethylhexyl)phthalate 86.8 93.0 8-158 6.9
Di-n-octylphthalate 82.6 91.7 4-146 104
Benzo(b)fluoranthene . 85.5 94.5 24-159 10.0
Benzo(k)fluoranthene 80.4 87.6 11-162 8.6
Benzo(a)pyrene 79.4 84.8 17-163 6.8
Indeno(1,2,3-cd)pyrene , 49.6 83.8 D-171 513
Dibenzo(a,h)anthracene 82.2 80.9 D-227 - 1.6
Benzo(g,h,i)perylene 834 82.7 D-219 0.8

Precision QAO, RPD 50

that 55 of 56 RPD determinations from MS/MSD sample analyses, or 98 percent, were within
the preeision QAO of 50 percent RPD. As the compieteness QAO for this measurement was
70 percent, the precision QAO for the Method 0010 train SVOC analyses, as measured by the
RPD of MS/MSD sample analyses, was met.

All samples extracted for SVOC analyses were spiked with method surrogates prior to
extraction, and surrogate recoveries were measured Table 6-15 summarizes the surrogate
recqvenes achieved for solid and liquid samples. Table 6-16 provides an analogous summary for

flue gas samples. The data in Table 6-15 show that 154 out of 159 surrogate recovery
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TABLE 6-15. SVOC SURROGATE RECOVERIES IN THE GC/MS ANALYSIS OF SOLID
AND LIQUID SAMPLES

Surrogate recovery, %

Sample l Nitrobenzene-d, 2-Fluorobiphenyl‘ 4-Terphenyl-d,,

Feed Packaging Container Material

Sample 1 79 2 S 100
Sample 2 7 67 T116
Kiin Ash
Test 1 ” 77 82
Test 2 ™ 83 94
Test 3 85 80 84
Test 3 duplicate 74 76 79
Test 3 MS 83 79 77
Test 3 MSD 90 84 86
. Test4 89 92 92
Test 5 74 75 76
Test 6 81 83 86
Test 6 MS 72 77 75
Test 6 MSD 32 79 84
Baghouse Ash
Test 0 . , 85 85 95
Test 1 31 82 ' 88
Test 2 80 85 21
Test3 ‘ 127 112 120
Test 3 duplicate 79 - 78 81
Test 4 81 80 ‘ 81
Test § C 32 87 94
Test 6 89 ‘ 84 86
Test 6 MS 87 79 93
Test 6 MSD 31 73 77
Ash Method Blanks
Blank 1 78 82 86
Blank 2 80 85 95
Blank 3 88 91 98
Blank 4 ' 76 78 95
Blank 5 72 73 84
Blank 6 90 85 89
Blank 7 78 83 82
Blank 8 74 ' 67 78
Solid Sample Recovery QAO* 23-120 30-115 - 18-137
*Compound-specific criteria taken from Table 8 of Method 8270A. (continued)
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TABLE 6-15. (continued)

Surrogate recovery, %

Sample , Nitrobenzene-d;  2-Fluorobiphenyl  4-Terphenyl-d,,
Scrubber Liquor )
Test 0 pretest 76 63 82
Test 0 post-test .74 69 84
Test 1 pretest 20 19 25
Test 1 post-test 79 89 108
Test 2 pretest 75 74 97
Test 2 post-test 67 69 89
Test 3 pretest 65 n 84
Test 3 post-test 68 68 83
Test 3 post-test duplicate 84 79 86
Test 4 pretest 80 81 82
Test 4 post-test 67 71 83
Test 4 post-test MS 82 83 83
Test 4 post-test MSD 82 82 - 8
Test 5 pretest 72 72 89
Test 5 post-test 55 66 - 92
Test 6 pretest | - & 73 95
Test 6 post-test 74 63 86
Scrubber Liquor Method Blanks
Blank 1 79 83 85
Blank 2 77 76 9%
Blank 3 79 76 93
Blank 4 84 . 81 91
Blank 5 82 81 .19
Liquid Sample Recovery QAO* 35-114 43-116 33-141

*Compound-specific criteria taken from Table 8 of Method 8270A.
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TABLE 6-16. SVOC SURROGATE RECOVERIES IN THE GC/MS ANALYSIS OF METHOD 0010 FLUE GAS SAMPLES

Surrogate recovery, %

2-Fluoro- Nitro-  2-Fluoro- 2,4,6-Tribromo- Octafluoro- 9-Phenyl-

Sample phenol  Phenol-d; benzene-d; biphenyl phenol 4-Terphenyl-d,, biphenyl anthracene
Test 0 57 43 76 76 80 . 78 87 86
Test1 - 36 25 72 64 61 6 73 84
Test 2 4 35 81 82 78 91 55 106
Test 3 , 74 75 90 -89 -8 93 103 115
Test 4 74 75 90 79 78 83 98 110
Test 5 66 57 86 87 83 101 95 102
Test 6 70 64 76 74 84 83 102 96
Method blank 71 73 69 7 92 78 NS* NS
Field blank . 69 70 86 82 84 83 ' NS NS
Blank spike 84 89 120 106 119 108 NS NS
Blank spike duplicate 88 95 121 115 ©125 118 NS NS

Recovery QAO 21-100 10-94 35-114 43-116 10-123 33-141 30-115° 18-137°

" *NS = Not spiked. -
*Recovery QAO the same as for 2-fluorobiphenyl.
‘Recovery QAO the same as for 4-terphenyl-d,,.




measurements, or 97 percent, were within the surrogate-specific recovery objective ‘range.
Because the compléteness QAO was 70 percent for this measurement, the accuracy QAO, as
measured by surrogate recovery, was met.for solid and liquid samples.

- Table 6-16 summarizes surrogate recoveries achieved for flue gas samples. The data in
Table 6-16 show that 76 out of 80 surrogate recovery measurements, or 95 percent, were within
the surrogate-specific recovery objective range. Again, because the completeness QAO for this
measuremént was 70 percent, the accuracy QAO, as measured by surrogate recovery from tile
flue gas sampl;as, was met.

One kiln ash, one baghouse ash, and one post-test scrubber liquor sample were analyzed
in duplicate as a further measure of analysis precision. The target SVOC analytes were not
detected in either duplicate kiln ash or baghouse ash sample, so no precision information was
obtained via this procedure. Both BEHP and DNOP were found in both duplicate baghouse ash
samples. The RPDs from the duplicate analyses were 37 percent for BEHP and 47 percent for
\ DNOP. Both measurements met the precision QAO of 50 percent RPD. !

As discussed in Section 4, five replicates of each fluff waste sample were analyzed for
BEHP. The percent RSDs of the five analyses ranged from 6 to 25 percent, all within the
precision QAO of 50 percent RSD. In addition, five replicates of each soil feed sample were
analyzed for BEHP, DNOP, and naphthalene. Naphthalene was not detected in any soil feed
replicate analysis at an MDL of 25 mg/kg. The percent RSDs of the replicate sample analyses
wére 33 and 28 percent, for BEHP, and 49 and 30 percent, for VDNOP. All met the precision
QAO for the measurement of 50 percent RSD.

63 TRACE METAL ANALYSES
A total of 139 samples was analyzed by ICAP using Method 6010A. Included in this

number were 3 method blanks, 46 sample duplicates or replicates, and 9 MS/MSD sample sets.
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Table 6-17 summarizes the sample collection and analysis dates for these samples. As shown in
Table 6-17, all trace metal analyses were completed within the method-required hold time of
180 days.

Table 6-18 summarizes trace metal measurement QAOs for precision, accuracy, and.
completeness. Table 6-19 shows the MDL objectives and the achieved values for the trace metal
analyses. As can be seen in Table 6-19, the MDL objective was met for all metals with the
exception of zinc. The zinc MDL was achieved for solid residues but no't aqueous liquid or flue
gas matrices. | i

Three metho‘d blanks were analyzed for trace metals. Included in this group were one
TCLP extraction fluid blank and the frogt half and back half of a multiple metals train field'
blank. Analysis results are shown in Table 6-20. |

Measurement precision was assessed by performing duplicate or replicatg sample
analyses. Table 6-21 summarizes the results of these analyses. The data in Table 6-21 show that
103 out of 143 precision calculations performed, or 72 percent, were within the precision QAQO
of 25 percent RSD or RPD. As the completeness QAO was 70 percént for this measurement,
the precision QAO, as measured by duplicate or replicate sample analyses, was met.

Trace metal measurement accuracy was assessed by preparing and analyzing MS/MSD
samples. The MS/MSD sample analysis results are given in Tablev 6-22. The data in Table 6-22
show that only 79 out of 168 measurements, or 47 percent, were within the accuracy QAO range
of 70 to 130 percent recovery. Antimony, barium, and silver recoveries were particularly poor.
The reason ‘for poor antimony recoveries likely lay with the digestion method used. The method A
employed, heatéd HNO,/HF for solid samples and heated HNO; for aqueous liquid samples,
may have caused evaporative loss of the relatively volatile antimony. The poor silver recoveries

may have been caused by the presence of chlorides in test program samples. The data in
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TABLE 6-17. SAMPLE HOLD TIMES FOR TRACE METAL ANALYSES BY ICAP

Collection/ Analysis hold time,
Sample preparation date®  Analysis date days
Test Feed
Test 0 01/04/94 01/18/94 14
Test 1° 10/14/93 12/09/93 56
Test 2° 10/15/93 12/09/93 55
Test 5 10/18/93 12/09/93 52
Test 6° 10/18/93 12/09/93 52
Composite soil® (Tests 3 and 4) 10/20/93 12/09/93 50
Kiln Ash
Test 1° 11/09/93 12/09/93 30
Test 2 11/16/93 12/14/93 28
Test 3° ' 12/01/93 01/03/94 33
Test 4° 12/02/93 01/03/94 32
Test 5° 11/18/93 12/14/93 26
Test 6° 11/23/93 12/14/93 21
Baghouse Ash
- Test0 ' 10/28/93 12/09/93 42
Test 1 . 11/10/93 12/09/93 29
Test 2¢ 11/16/93 12/17/93 31
Test 3 12/01/93 12/23/93 22
Test 4 12/02/93 12/23/93 21
Test 5 11/18/93 12/17/93 29
Test 6 ' 11/23/93 12/17/93 24
Scrubber Liquor
Test 0 pretest 10/27/93 12/09/93 - 43
Test 0 post-test 10/27/93 ' 12/09/93 43
Test 1 pretest 11/09/93 12/09/93 30
Test 1 post-test® 11/09/93 12/09/93 30
Test 2 pretest . 11/16/93 12/14/93 28
Test 2 post-test 11/16/93 12/14/93 28
Test 3 pretest ' . - 12/01/93 12/23/93 22 s
Test 3 post-test 12/01/93 12/23/93 22
Test 4 pretest 12/02/93 12/23/93 21
Test 4 post-test 12/02/93 12/23/93 21
Test 5 pretest 11/18/93 . 12/14/93 28
Test 5 post-test : 11/18/93 12/14/93 28
Test 6 pretest 11/23/93 12/14/93 21
Test 6 post-test : 11/23/93 . 12/14/93 21
Method Requirement 180

*Preparation date corresponds to TCLP leachates. - (continued)
“Five split samples were prepared and analyzed. A
“Four split samples were prepared and analyzed.

“Two split samples were prepared and analyzed.

6-28




TABLE 6-17. (continued)

Collection/ Analysis hoid time,
Sample preparation date®  Analysis date days
Multiple Metals Train (front half)
~Test 0 10/27/93  12/09/93 43
Test1 - 11/09/93 12/09/93 30
Test 2 11/16/93 12/17/93 31
Test 3 12/01/93 12/23/93 22
Test 4 12/02/93 12/23/93 21
Test 5 11/18/93 12/17/93 29
Test 6 ‘ 11/23/93 12/27/93 24
Multiple Metals Train (back half) o
Test 0 10/27/93 12/09/93 43
Test 1 11/09/93 12/09/93 30
Test 2 11/16/93 12/14/93 28
Test 3 12/01/93 12/23/93 22
Test 4 12/02/93 12/23/93 21
Test 5 ’ v 11/18/93 12/14/93 26
Test 6 ' 11/23/93 12/17/93 24
TCLP Leachates:
Test Feed
Test 1 10/14/93 . 12/14/93 61
Test 2 10/15/93 12/14/93 60
Test 5 10/18/93 12/14/93 57
Test 6 10/18/93 12/14/93 57
Composite soil (Tests 3 and 4) : 10/20/93 12/14/93 55
Kiln Ash
Test 1 , 11/09/93 12/09/93 30
Test2 11/16/93 12/23/93 39
Test 3¢ v - 12/01/93 01/18/94 48
Test 4 12/02/93 01/18/94 47
Test 5 o 11/18/93 12/23/93 35
Test 6 . 11/23/93 12/23/93 30
Method Requirement 180
*Preparation date corresponds to TCLP leachates. (continued)
“Two split samples were prepared and analyzed.
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TABLE 6-17. (continued)

Collection/

Analysis hold time,

7 Sample preparation date®  Analysis date days
TCLP Leachates (continued):
Baghouse Ash
Test 0 10/28/93 12/09/93 42
Test 1 11/10/93 12/09/93 29
Test 2 - 11/16/93 12/23/93 37
Test 3 12/01/93 01/18/94 48
Test 4¢ 12/02/93 01/18/94 47
Test 5 11/18/93 12/23/93 35
Test 6 11/23/93 12/23/93 30
Post-test Scrubber Liquor
Test 0 10/27/93 12/14/93 48
Test 1 11/09/93 12/14/93 35
Test 2 11/16/93 12/23/93 37
Test 3 12/01/93 01/18/94 48
Test 4 12/02/93 01/18/94 47
Test 5 11/18/93 12/23/93 35
Test 6 11/23/93 12/23/93- 30
Blanks
Multiple metals train field blank front half 12/07/93 01/18/94 42
Multiple metals train field blank back half 12/07/93 01/18/94 42
TCLP extraction fluid 12/30/93 01/18/94 19
Spikes:
Test Feed
Test 1MS 10/14/93 - 01/26/94 104
Test 1 MSD 10/14/93 01/26/94 104
Composite soil MS 10/20/93 01/18/94 98
Composite soil MSD 10/20/93 01/18/94 98
Kiln Ash ‘
Test 1 MS 11/09/93 01/18/94 70
Test 1 MSD 11/09/93 01/18/94 70
Baghouse Ash
Test 1 MS 11/10/93 01/18/93 69
Test 1 MSD 11/10/93 01/18/93 69
Method Requirement 180
*Preparation date corresponds to TCLP leachates. (continued)

“Two split samples were prepared and analyzed.
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TABLE 6-17. (continued)

. Collection/ Analysis hold time,
Sample preparation date®  Analysis date days
Spikes (continued): l
Scrubber Liquor
Test 6 MS 11/23/93 01/18/94 56
- Test 6 MSD 11/23/93 01/18/94 56
Multiple Metals Train (front half)
Blank spike MS 01/11/94 01/18/94 7
Blank spike MSD 01/11/94 01/18/94 7
Multiple Metals Train (back half)
Blank spike MS 01/11/94 01/18/94 7
Blank spike MSD 01/11/94 01/18/94 7
TCLP Leachates: '
Kiln Ash
Test 3 MS 12/01/93 01/18/94 48
Test 3 MSD 12/01/93 01/18/94 48
Baghouse Ash
Test 3 MS 12/01/93 *01/18/94 48
Test 3 MSD 12/01/93 01/18/94 48
Method Requirement 180
*Preparation date corresponds to TCLP leachates.
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TABLE 6-i8. TRACE METAL MEASUREMENT QAOs

Measurement . Precision, Accuracy, Completeness,
parameter Method Reference . Conditions % RSD or RPD % %
Trace metals in solid ICAP  BIF methods, SW-846  Microwave digestion 25 70-130 70
samples Method 6010A by BIF methods
Trace metals in ICAP  BIF methods, SW-846 © Conventional digestion 25 70-130 70
aqueous liquid samples Method 6010A by BIF methods

TABLE 6-19. TRACE METAL MEASUREMENT MDLs: OBJECTIVES AND ACHIEVED LEVELS

MDL objective
R Measurement  Solid residues, mg/kg ~ Aqueous liquids, ug/L Flue gas, pg/dscm
] parameter objective / achieved objective / achieved objective / achieved
Antimony 10 / 0.01 100 / 30 50 /85
Arsenic 10 / 0.01 100 / 50 50 / 12.1
Barium 1/001 10/3 5/36
Cadmium 2 /0.003 20/4 10/08
Chromium 5/0.01 50/7 30 / 44
Copper 5 /0.002 50/23 30 /45
Lead 10 / 0.005 100 / 77 50 / 154
Nickel 5/ 0.0049 50/ 10 30/33
Silver 5 / 0.0004 50/7 30 /14
~ Zinc 1/0.26 10 /25 5/126
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TABLE 6-20. TRACE METAL ANALYSES OF METHOD BLANK SAMPLES

* Concentration
Sample Sh As Ba Cd Cr Cu Pb Ni Ag Zn
TCLP extraction fluid, mg/L <003 <005 056 <0004 <0007 011 087 0045 <0007 98
Multiple metals train field blank '
Front half, mg <001 <001 0010  <00003 0010 00023 <0005 00049 <0004 0.026
Back half, mg/L <003 <005 00030 <0004 <0007 0023 0077 <001 <0007 0025
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TABLE 6-21. REPLICATE TRACE METAL SAMPLE ANALYSIS RESULTS

Concentration
Precision
Sample Sb As Ba Cd Cr Cu Pb Ni Ag -ZIn QAO
Test Feed:

Test 1 |

Sample 62 48 43 20 27 8,800 1,300 52 <07 95

Replicate 1 200 <20 87 22 32 9,000 2,400 4.5 1.2 120

Replicate 2 110 <20 120 <0.5 31 13,000 1,600 <30 <0.7 100

Replicate 3 9% <20 75 0.9 40 8,400 2,800 51 1.1 100

Replicate 4 110 <20 47 12 40 5000 3,800 <3.0 <0.7 96
RSD, % 45 —* 42 53 17 32 42 26 28 10 25
Test 2 A A

Sample 290 <20 76 13 37 8,200 ) 3,000 <30 13 110

Replicate 1 150 <20 44 i4 36 7,100 1,400 37 <0.7 130
. Replicate 2 130 <20 72 1.5 45 8,900 5,100 <30 26 310

Replicate 3 140 <20 70 22 34 8,000 1,300 43 1.0 240

Replicate 4 130 <20 90 11 38 9800 1200 . <30 <0.7 120

RSD, % 39 0 24 28 11 12 70 17 63 49 25
Test 5 '

Sample 98 <20 52 15 33 7,600 1,200 <3 <0.7 150

Replicate 1 80 <20 50 13 23 28,000 1,100 <3 12 140

Replicate 2 91 <20 48 ‘14 32 9,800 1,100 <3 <07 150

Replicate 3 120 <20 37 <05 21 7,600 980 <3 14 110

Replicate 4 63 <20 48 1.8 27 9,000 1,000 <3 21 140

RSD, % 23 0 12 37 20 71 8 0 8 12 25

*~— = RSD, RPD not calculated.

(continued)
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TABLE 6-21. (continued)

Concentration
Precision
Sample Sb As Ba Cd Cr Cu Pb Ni Ag Zn QAO
Test Feed (continued): -

Test 6

Sample - 66 <20 110 <0.5 21 8,300 980 <30 36 130

Replicate 1 86 <20 42 <05 23 7,900 800 2.0 <0.7 120

Replicate 2 75 <20 56 1.5 23 7,700 900 <3.0 <0.7 150

Replicate 3 -9 <20 100 11 27 9,500 970 <3.0 <0.7 120

Replicate 4 200 <20 98 13 26 15,000 840 5.1 <0.7 89

RSD, % 53 0 37 47 10 2 9 57 - 18 25
Composite Soil (Tests 3 and 4)

Sample 75 <20 66 15 70 12,000 4,200 19 14 170

Replicate 1 66 <20 69 12 73 14,000 2,300 27 1.8 210

Replicate 2 87 <2 76 14 130 26,000 3,800 46 2.3 210

Replicate 3 52 <20 80 1.6 83 11,000 2,500 28 16 220

Replicate 4 48 <20 67 09 68 7,400 2,900 24 <0.7 130

RSD, % 25 0 9 21 31 50 26 36 38 20 25

Kiln Ash: ’ .

Test 1 '

Sample 1,100 42 280 <0.5 360 130,000 3,000 230 19 180

Replicate 1 1,100 <20 260 <0.5 390 200,000 2,600 280 13 180

Replicate 2 1,200 <20 270 <0.5 400 240,000 3,100 250 1.6 200

Replicate 3 1,100 <20 230 <0.5 350 210,000 3,100 220 1.7 190

chlicate 4 1200 . <20 290 <0.5 440 150,000 3,000 410 2.0 190

RSD, % 5 — 9 0 9 24 - 7 28 16 4 25

*— = RSD, RPD not calculated.

(continued)




TABLE 6-21. (continued)
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Concentration ]
- Precision
Sample Sh As ‘Ba Cd Cr Cu Pb Ni Ag Zn QAO
Kiln Ash (continued):

Test 2 ,

Sample 880 <20 240 0.6 370 83,000 3,600 320 3.0 220

Replicate 1 870 <20 170 <0.5 430 190,000 3,300 750 48 270

Replicate 2 1,000 <20 210 <0.5 600 150,000 3,800 1,300 39 290

Replicate 3 930 63 220 - 0.6 410 99,000 3,600 450 35 270

Replicate 4 1000 | 33 240 <0.5 600 190,000 4,500 1,400 70 260

RSD, % . 7 60 13 10 23 35 12 58 35 10 25
Test 3 ' _ .

Sample ' . 180 <20 120 - <05 " 67 46,000 4,000 65 21 320

Replicate 1 200 <20 99 <0.5 66 69,000 4,300 59 15 350

Replicate 2 180 <20 150 <0.5 79 32,000 4,400 66 - 17 340

Replicate 3 190 <20 140 <0.5 70 67,000 3,800 0 13 310

RSD, % : 5 0 18 0 8 33 7 7“ 21 6 25
Test 4

Sample 190 <20 120 <0.5 41 18,000 4,000 42 1.7 290

Replicate 1 190 <20 98 <0.5 60 21,000 4,000 60 18 300

Replicate 2 190 <20 72 <0.5 56 67,000 3,700 56 23 300

Replicate 3 200 <20 95 <0.5 50 50,000 4,000 48 22 300

RSD, % ) 3 0 20 0 16 60 4 16 15 2 25

- (continued)
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TABLE 6-21. (continued)

f———————— ————
Concentration ..
Precision
Sample .- Sb As Ba Cd Cr Cu Pb Ni Ag Zn QAO
Kiln Ash (continued): |
Test §
Sample 1,000 <20 270 <0.5 470 110,000 5,500 160 50 250
Replicate 1 980 <20 290 08 480 110,000 5,800 140 24 250
Replicate 2 790 <20 140 <0.5 500 85,000 6,000 140 26 180
Replicate 3 . 1,000 <20 240 <0.5 440 160,000 5,600 160 24 260
Replicate 4 1,000 <20 240 06 420 110,000 5,600 140 10 260
RSD, % 10 0 24 22 7 24 4 7 54 14 25
Test 6 o
Sample _ 1,100 <20 270 1.0 550 170,000 5,700 350 23 280
Replicate 1 820 <20 210 <0.5 520 180,000 5,600 330 36 260
Replicate 2 940 <20 270 <0.5 520 170,000 7,100 360 .23 240
Replicate 3 890 120 220 <0.5 570 190,000 5,500 640 56 230
Replicate 4 1,000 48 270 <0.5 510 170,000 5,800 310 2.7 250
RSD % 13 95 12 - 5 s 1 34 48 8 25
Baghouse Ash
Test 2 sample 400 <20 .22 18 320 14,000 19,000 130 <0.7 2,100
- Duplicate 340 20 20 17 310 14,000 44,000 110 10 2100
RPD, % 16 — 10 6 3 0 79 17 - 0 25
Post-test Scrubber Liquor
Test 1 samplc' 047 0.12 24 0.20 19 210 780 12 0.072 19
Duplicate 065 <005 53 0.25 29 230 900 17 0.094 23 .
RPD, % 32 — 75 22 42 9 14 35 25 19 25

*— = RSD, RPD not calculated,

(continued)
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TABLE 6-21. (coniinued)

— -
Concentration
Precision
Sample Sh As Ba Cd Cr Cu Pb Ni Ag Zn QAO
TCLP Leachate
Test 3 kiln ash sample <0.2 <02 026 <0005 0.046 0.28 <01 <001 <0.007 1.2
Duplicate - <02 <02 026 <0005 0044 022 <01 <001 <0.007 13
RPD, % 0 0 0 0 4 24 0 0 0 8 25
Test 4 sample 0.80 026 022 1.7 027 640 5700 32 0.027 97
Duplicate 0.84 021 022 1.8 030 650 5,800 33 0.028 100
RPD, % 5 21 0. 6 11 2 2 3 4 3 25
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TABLE 6-22.‘ TRACE METAL RECOVERIES FROM MS SAMPLE

S ANALYZED BY ICAP

[ e e
% recovery A
Sample Sb As Ba Cd C Cu Pb N Ag Zn Accuracy/precision QAO
Test 1 Fluff Feed
MS 17 65 63 195 92 NS* 30 9 9 108 70-130
MSD 0 68 27 8 8 NS 57 8 2 9% 70-130
RPD, % 200 5 8 8 8§ 62 12 127 14 25
Test 3 and 4 Soil Feed
MS 40 66 910 76 100 NS 87 6t 5 63 70-130
MSD 103 38 4 61 68 NS 63 63 35 50 70-130
RPD, % 8 54 198 2 38 -— 32 3 150 23 25
Test 1 Kiln Ash |
MS 62 56 0 75 64 NS 19 84 13 95 70-130
MSD 16 ” 0 9 65 NS 4 80 0 7 70-130
RPD, % 118 25 0 18 2 - 130 5 20 30 25
Test 1 Baghouse Ash
MS 52 <13 17 60- 50 NS NS 44 <12 3 70-130
MSD 95 6 37 64 4 NS NS 42 <11 4“4 70-130
RPD, % 59 >134 74 6 13 - - 5 0 19 25
Test 6 Scrubber Liquor
MS 0 79 46 67 8 112 9 75 46 T 70-130
MSD 0 79 54 61 71 112 63 69 89 234 70-130
RPD, % 0 0 16 9 0 44 64 107 25

14

*NS = Not spiked.

®~ = RPD not calculated.

(continued)




TABLE 6-22. (continued)

019

% recovery
Sample Sbh As Ba Cd Cr Cu Pb Ni Ag  Zn  Accuracy/precision QAO
Multiple Metals Train Blank Spike
Back half
MS 117 85 88 84 91 102 109 80 72 131 70-130
MSD 100 , 90 85 84 91 102 101 79 46 131 70-130
RPD, % 15 6 3 0 0 0 8 1 44 0 25
Front half '
MS <10 - 68 17 97 12 108 85 100 9% 95 70-130
MSD <10 71 0 T 8§ 8§ 70 36 '<10 47 70-130
RPD, % _ 0 4 200 23 40 24 19 94 >160 68 25
Test 3 Kiln Ash TCLP Leachate "
MS <10 80 73 85 75 119 120 69 45 IS° 70-130
MSD <10 85 77 85 73 94 109 ) 66 43 IS 70-130
RPD, % 0 6 5 0 3 23 10 4 5 = 25
Test 3 Baghouse Ash TCLP
Leachate
MS 0 S8 42 8 39 105 73 8 178 111 70-130
"MSD 0 78 83 78 4 109 62 84 228 115 70-130
RPD, % . 0 29 66 6 12 4 16 2 25 4 25

b~ = RPD not calculated. .
IS = Spiked amount not significant compared to native sample amount.




Section 4.1 show that both test feed fnaterial matrices contained significant amounts of chlorine.
Thus, test program samples used to prepare the MS/MSD samples may have contained chlorine
in the form of chlorides. The presence of chlorides will definitely interfere with the sample
digestion method employed. The reason for the poor barium recoveries is not clear.

If antimony, barium, and silver are removed from consideration, then 67 out of 114
other metal si:ike recovery measurement;, or 59 percent, fell within the accuracy QAO range of
70 to 130 percent recovery. This still fails the completeness objective of 70 percent. However,
had the accuracy QAO range instead been a slightly relaxed 60 to 140 percent recovery, then 89
;)f 114 other metal (antimony, barium, and silver excluded) recovery measurements, or
78 percent, would have been acceptable, a 70 percent completeness objective at this relaxes
accuracy QAO range would ha.ve been met.

Trace measurement precision was-also measured by calculating the RPD of each pair
of MS/MSD measurements. The data in Table 6-22 show that 55 out of 84 RPDs, or 65 vpercemt,
met the precision QAO of 25 percent RPD. However, again, the precision measures for
antimony, barium, and silver were particularly poor. If these three metals are excluded, then 43
of the remaining 57 RPD determinations, or 75 percent, met the precision QAO of 25 percent
RPD. This would have satisfied the completeness objective of 70 percent.

Based on both the precision and accuracy checks employing MS/MSD sample anaJyses,
test program results for antimony, barium, and silver appear to have beén compromised, and the
reported data should be treated with caution. Test f)rogram conclusions regarding the
concentrations of these three metals m incinerator discharges, and their distributions among

these discharges, must be viewed as tentative at best.
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6.4 CHLORIDE ANALYSES

| A total of 17 samples was analyzed for chloride ion to support flue gas HCI
concentration measurements. Included in this number wére 1 method blank and 1 MS/MSD
sample set. Table 6-23 lists the sample collection and analysis dates and the analysis hold times
for these samples. As the data in Table 6-23 show, all 17 samples were analyzed within the
method required hold time limit of 28 days.

Table 6-24 summarizes the flue gas chloride measurement precision, accuracy, and
completeness QAOs. The MDL objective for the measurement was 100 pg/dscm. This objective
was met with an achieved MDL of 49 ug/dscm.

Table 6-25 shows that the chloride recoveries for the MS/MSD sample set were both
within the accuracy QAO range of 75 to 125 percent recovery. Table 6-25 also shows that the
RPD of the MS/MSD sample set was within the precision QAO of 30 percent RPD. Thus, both
the accuracy and precision QAOs were met as measured by the MS/MSD sample analyses.

Table 6-26 summarizes the chloride analysis results for the duplicate test samples
analyzed. As can be seen from the data in Table 6-26, 9 of the 11 RPDs, or 82 percent, met the
precision QAO of 30 percent RPD. As the completeness objective for the measurement was
70 percent, the precision QAO, as measured by duplicate sample analyses, was met.

6.5 PCDD/PCDF ANALYSES

A total of 35 sainp[es was analyzed for PCDDs and PCDFs by GC/MS using Method
8290 or Method 23. Included in this number were one Method 23 sorbent resin method blank,
one pretest scrubber liquor blahk, and three duplicates of test samples. Table 6-27 lists the
sample collection, extraction, and analysis dates for these samples, and the corresbonding analysis
hold times. As shown in Table 6-27, all but five samples were extracted within the specified

method limit. Three of the five samples not extracted within the method hold time were sample
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TABLE 6-23. SAMPLE HOLD TIMES FOR CHLORIDE ANALYSES BY ION CHROMATOGRAPHY

Sample* Collection/preparation date  Analysis date  Analysis hold time, days V
Stack Exit Flue Gas
Test 0 10/27/93 11/22/93 26
" Test 1 11/09/93 11/29/93 20
Test 1 MS 11/09/93 11/29/93 20
Test 1 MSD 11/09/93 11/29/93 ~20
Test 2 11/16/93 11/29/93 7
Test 3 12/01/93 12/06/93 5
Test 4 12/02/93 12/06/93 4
Test 5 11/18/93 12/06/93 18
Test 6 11/23/93 11/29/93 6
Method blank 12/07/93 12/10/93 3
Baghouse Exit Flue Gas
Test 0 10/27/93 11/22/93 26
Test 1 11/09/93 11/29/93 20
Test 2 11/16/93 11/29/93 7
Test 3 12/01/93 12/06/93 5
Test 4 12/02/93 12/06/93 4
Test 5 11/18/93 11/29/93 1
Test 6 11/23/93 111/29/93 6
Method Requirement 28

*All samples were analyzed in duplicate.

TABLE 6-24. FLUE GAS CHLORIDE MEASUREMENT QAOs

Measuremeht Precision, Accuracy, Completeness,
parameter Method Reference % RSD or RPD % %
HClin flue gas  Ion chromatography 40 CFR 60, Appendix A, Method 5; 30 75-125 0

BIF methods; Method 9057




_ TABLE 6-25. CHLORIDE RECOVERIES FROM MS SAMPLES
ANALYZED BY ION CHROMATOGRAPHY

Chloride recovery,

Sample % Precision QAO
Stack Exit Flue Gas
Test 1 MS 105
Test 1 MSD 109
RPD, % 37 . 30
Recovery QAO 75-125

TABLE 6-26. DUPLICATE SAMPLE CHLORIDE ANALYSIS RESULTS

Chloride concentration, mg/L

Sample ‘ Analyses  Duplicate analyses RPD, %
Stack Exit Flue Gas .
Test 1 0.40 <0.29 >31.9
Test 2 0.88 0.78 12.1
Test 3 0.52 . 0.64 20.7
Test 4 <0.29 0.60 >69.7
Test 5 <0.29 <0.29 0
Test 6 <0.29 <0.29 0
Baghouse Exit Flue Gas
- Test 1 - 19.0 _ 188 1.1
Test 2 123 12.0 2.5
Test 3 283 284 04
Test 4 19.6 20.0 ‘ 2.0
Test 6 42.0 427 1.7
QAO 30
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TABLE 6-27. SAMPLE HOLD TIMES FOR THE PCDD/PCDF ANALYSES BY GC/MS

Collection Extraction Extraction hold Analysis

Analysis hold

Sample date date time, days date time, days
Test Feed
Packaging container material 12/21/93  01/12/94 2 .01/20/94 8
Composite fluff feed 10/20/93  11/08/93 13 11/16/93 8
Composite soil feed 10/20/93  12/02/93 43 12/05/93 3
Kiln Ash
Test 1 11/09/93  11/19/93 10 11/22/93 3
Test 1 duplicate 11/09/93  01/21/93 3 01/24/93 3
Test 2 ' 11/16/93  12/02/93 16 12/05/93 3
Test 3 12/01/93  12/10/93 9 12/17/93 7
Test 4 12/02/93  12/10/93 8 12/17/93 7
Test S 11/18/93  12/02/93 14 12/05/93 3
Test 6 11/23/93  12/07/93 14 12/17/93 10
Baghouse Ash
Test 0 10/28/93  11/08/93 1 11/16/93. 8
Test 1 11/10/93  12/02/93 2 12/05/93 3
Test 1 duplicate 11/10/93  01/12/94 63 01/20/94 8
Test 2 11/16/93  12/02/93 16 12/05/93 3
Test 3 12/01/93  12/10/93 9 12/18/93 8
Test 4 12/02/93  12/10/93 8 12/18/93 8
Test 5§ 11/18/93  12/02/93 14 12/05/93 3
Test 6 11/23/93  12/07/93 14 12/17/93 10
Post-test Scrubber Liquor
Test 0 10/27/93  11/10/93 14 11/15/93 5
Test 1 11/09/93  12/10/93 31 12/14/93 4
Test 1 duplicate 11/09/93 01/14/94 66 01/21/94 7
Test 2 11/16/93  12/03/93 17 12/07/93 4
Test 3 12/01/93 12/16/93 15 12/19/93 3
Test 4 12/02/93  12/16/93 14 12/19/93 3
Test 5 11/18/93  12/10/93 2 12/15/93 5
Test 6 12/23/93  12/06/93 13 12/15/93 9
Pretest Scrubber Liquor
Test 1 10/09/93  12/03/93 14 12/07/93 4
Baghouse Exit Flue Gas Method 23 Train ,
Tés’t 0 10/27/93 11/10/93 ‘14 11/15/93 5
Test 1 11/09/93  11/19/93 10 11/24/93 5
Test 2 11/16/93  12/02/93 16 12/06/93 4
Test 3 12/01/93 12/09/93 8 12/13/93 4
Test 4 ‘ 12/02/93  12/09/93 7 12/13/93 4
Test § 11/18/93  12/02/93 14 12/06/93 4
Test 6 11/23/93  12/02/93 9 12/06/93 4
Method blank 12/07/93  12/09/93 2 12/13/93 4
Method Requirement 30 45
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duplicates for analysis; one of the five missed extraction hold time by 1 day.

Table 6-28 summarizes the PCDD/PCDF measurement QAOs for precision, accuracy,
and completeness. Measurement precision was assessed by analyzjng split samples in duplicate.
Table 6-29 summarizes the results of these analyses and shows that 57 out of 75 RPD
measurements, or 76 percent, were within the precision QAO of 50 pefcent RPD. As the
completeness objective for the measurement was 70 percent, the precision QAO, as measured
by duplicate sample analyses, was met. |

PCDD/PCDF measurement accuracy was assessed adding the method-specified internal
standards and surrogates to all test samples and meésun’ng their recovery. Table 6-30 shows the
- internal standards recoveries achieved from the test samples. As can be seen in Table 6-30, 290
out of 315 individual internal standard recovery measurements, or 92 percent, were within the
compound-specific recovery ranges. Since the completeness objective for this measurement was
70 percent, the accuracy QAO, as measured by internal standards recovery, was met.

Table 6-31 lists the surrogate recoveries achieved from test programs samples. As
shown, 149 out of 210 individual sufrogate recovery rﬁeasurements, or 71 percent, were within
the method specified recovery ranges. Again, with a completeness objective of 70 percent, the
accuracy QAO, as assessed by surrogate recoveries, was met. ‘

Table 6-32 shows the MDL objectives and the achieved values fox;'the PCDD/PCDF

measurements. As indicated, all MDL objectives were achieved.
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TABLE 6-28. PCDD/PCDF MEASUREMENT QAOs

Measurement Measurement/ Precision, Accuracy, Completeness,
parameter analytical method Reference Conditions % - % %
PCDDs/PCDFs in  Extraction, 40 CFR 266, Appendix IX,  Matrix-specific 50 25-130 70
feed, residual, and  concentration, Method 23; SW-846 extraction
flue gas sampling GC/MS Method 8290

trains
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TABLE 6-28. DUPLICATE SAMPLE P

P e

—

CDD/PCDF ANALYSIS RESULTS

Test 1 post-test scrubber

Test 1 kiln ash, ng/kg " RPD, Test 1 baghouse ash, ng/kg  RPD, ) liquer, pg/L RPD,

Compound analysis / duplicate analysis % analysis / duplicate analysis % analysis / duplicate analysis %
2,3,7,8-TCDD 120/ 18 148 03/10 108 28 /20 33
1,2,3,7,8-PeCDD 311/65 131 0.47 / 030 44 43 /38 12
1,2,3,4,7,8-HxCDD 508 / 57.5 12 0.40 / 0.46 14 44 /38 15
1,2,3,6,7,8-HxCDD 7.1 /617 5 0.69 /0.74 7 34 /30 13
1,2,3,7,8,9-HxCDD 212 / 286 30 15/14 7 38/33 14
1,2,3,4,6,7,8-HpCDD 1,810 / 2,340 26 213 /181 16 124 /131 5
OCDD 11,590 / 24,580 72 179 / 110 48 512 /715 41
2,3,78-TCDF 496 / 281 55 36 /31 15 43 /44 2
1,2,3,7,8-PeCDF 155 / 491 104 1.5/12 22 31/26 18
2,3,4,7,8-PeCDF 273 / 215 24 32/37 14 30/25 18
1,2,3,4,7,8-HxCDF 2,770 / 3,160 13 107 /9.4 13 78 /83 6
1,2,3,6,7,8-HXCDF 614 / 676 10 39/33 17 - 33/30 10
2,3,4,6,7,8-HiCDF 2,130 / 2,560 18 91/97 6 11.8 / 131 10
1,2,3,7,8,9-HxCDF 252 /358 35 03 /11 114 30/28 7
1,23,4,6,7,8-HpCDF 6,180 / 15,220 84 398 /259 42 31.8 / 400 23
1,2,3,4,7,8,9-HpCDF 1,360 / 2,070 41 81/63 25 171 / 161 2
OCDF 12,160 / 44,810 115 123 / 60.3 68 185 / 219 17
Total TCDD 232 /24 196 09 /088 2 28/20 33
Total PeCDD 305 /766 120 1.5/042 113 43 /38 12
Total HXCDD 914 / 905 1 64 /68 6 35/33 6
Total HpCDD 3,830 / 4,660 20 386 /326 17 124 /188 41
Total TCDF 3,330 / 1,430 80 154 /3.1 133 43 /44 2
Total PeCDF 5,730 / 4,630 21 268 / 10.1 91 59/89 41
Total HxCDF 10,780 / 11,190 4 402 / 415 3 276 /98 95
Total HpCDF 15,810 / 28,870 58 833 /573 37 818 / 84.1 3
Precision QAQ 50 50 50
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TABLE 6-30. INTERNAL STANDARD RECOVERIES IN THE PCDD/PCDF ANALYSES

 ———————
% recovery
BCy BCpr BCpr ey Poyy B¢y, By, By,
23,78- 2378- 12378- 123,78 1236,78- 123,678 1234,678- 1234,6,78-
Sample TCDF TCDD PeCDF PeCDD HxCDF HxCDD - HpCDF HpCDD l:’C“-OCDD

Test Feed » ‘

" Packaging container material 543 536 582 593 59.0 61.1 472 44.0 311
Composite fluff feed 72.5 79.7 822 92.5 76.4 833 1.7 94.9 95.2
Composite soil feed 85.5 97.0 94.4 107 111 111 117 142 120

Kiln Ash ’

Test 1 - 704 758 832 114 96.1 109 107 135 138
Test 1 duplicate 64.2 623 69.4 80.5 7.0 79.6 822 922 81.5
Test 2 56.4 555 65.9 76.0 74.5 79.0 86.1 98.2 105
Test 3 498 484 ° 417 54.4 674 73.0 612 6716 531
Test 4 41.0 420 489 60.7 584 70.0 622 3.1 623
Test.5 $0.9 812 994 -907 . 113 95.7 164 130 185
Test 6 743 849 713 712 92.8 99.6 392 145 397
. Baghouse Ash
Test 0 - 60.0 63.0 69.6 88.3 76.2 88.8 709 91.7 852
Test 1 8.6 76.5 86.6 103 93.8 108 110 115 114
Test 1 duplicate 57 6.5 175 339 43.7 54.8 575 682 712
Test 2 ns8 s 80.9 974 91.8 101 95.4 108 100
Test 3 535 520 580 68.0 74.4 715 69.6 712 60.1
Test 4 ‘ 42.1 451 46.6 63.8 64.4 81.6 61.2 76.8 62.6
Test § 689 68.1 75.1 93.0 878 96.8 952 107 111
Test 6 64.4 63.0 64.4 67.6 576 - 850 66.0 853 163

Pretest Scrubber quuof '

Test 1 59.1 572 633 667 797 819 76.7 8.1 66.9

Recovery QAG 40-130  40-130  40-130 40-130 40-130 40-130 25-130 25-130 25-130

(continued)




TABLE 6-30. (continued)

0s-9

e
% recovery
13C12_ ISCu_ ISCu_ l:!cu_ ISCIZ' nClZ' lSClz_ “Clz'
213)7a8' 273v718' 19213;’78‘ 1»213;”8’ 12)3:617’8' 172’3’6;”8' 1’273;4|69778' 192;3’4’6’778'
Sample TCDF © TCDD PeCDF PeCDD  HxCDF HxCDD HpCDF HpCDbD 13CIZ-OCDD
Post-test Scrubber Liquor
Test0 ' 520 596 585 . 550 7.6 75.6 628 632 413
Test 1 522 483 519 574 583 62.6 s31 574 504
Test 1 duplicate 36.1 30.1 284 289 309 334 29.1 367 263
Test 2 410 390 424 475 53.0 $5.7 458 50.8 397
Test 3 56.0 599 659 55.5 90.1 792 76.1 782 66.3
Test 4 478 482 - 515 3715 74.5 62.1 534 599 54.2
Test 5 20.0 193 21.7 24.0 30.6 315 282 305 262
Test 6 343 25.6 252 253 395 392 332 372 306
Baghouse Exit Method 23 Train ‘
Test 0 83.0 94.1 872 96.6 108 112 8.1 90.7 s
Test 1 569 572 613 75.7 724 779 69.7 . 813 68.2
Test 2 65.0 593 624 65.0 853 824 799 83.7 745
" Test3 ’ 61.8 56.5 60.9 64.7 724 743 66.0 699 582
Test 4 639 59.6 no 87.9 844 83.0 . 831 89.0 785
Test 5 42.7 38.7 389 4.5 574 §6.7 513 561 50.8
Test 6 694 60.1 60.1 59.6 81.7 838 76.8 81.7 704
Method blank 69.6 653 716 770 893 899 88.0 913 924

Recovery QAO 40-130  40-130  40-130 40-130 40-130 40-130 25-130 25-130 25-130
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TABLE 6-31. SURROGATE RECOVERIES IN THE PCDD/PCDF ANALYSES

"

% recovery
012318 PCp23478- PCp 123478 19C,123478- 1°Cip1234789-  1°C1123,189-
Sample TCDD PeCDF HxCDF HxCDD HpCDF HxCDF

Test Feed

Packaging container material 49.5 5713 639 65.1 413 50.5

Composite fluff feed 78.6 812 81.7 84.1 894 79.1

Composite soil feed 74.6 745 92.5 917 110 893
Kiln Ash

Test 1 813 86.5 929 89.5 107 89.0

Test 1 duplicate 60.5 723 7.5 813 83.7 74.6

Test2 - 61.0 715 817 837 107 854

Test 3 528 543 789 711 672 723

Test 4 46.5 582 69.1 753 788 69.5

Test § 732 86.3 114 81.6 118 98.7

Test 6 87.7 81.5 144 9.7 122 855
Baghouse Ash - " _

Test 0 - 66.0 802 871 90.8 904 856

Test 1 63.8 791 79.5 82.1 93.5 826

Test 1 duplicate 6.6 213 494 575 704 577

Test 2 58.5 75.5 79.6 80.2 95.6 844

Test 3 539 599 75.6 77 75.6 703

Test 4 48.5 63.7 823 85.7 8.8 795

Test 5 56.7 70.5 709 751 90.4 764

Test 6 65.7 66.7 69.5 774 744 65.6
Pretest Scrubber Liquor

Test 1 63.6 754 812 854 95.0 851
Recovery QAO 70130 70-130 70-130 70-130 70-130 70-130

(continued)
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TABLE 6-31. (continued)

% recovery
: 01,2318- Cy523478- PCp123478- 105123418 1C11234789-  13C,,123,7,89-
» Sample TCDD PeCDF HxCDF HxCDD HpCDF HxCDF
Post-test Scrubber Liquor '
Test 0 7.1 - 7.6 82.7 86.1 75.0 754
Test 1 588 68.3 62.6 744 80.0 759
Test 1 duplicate 562 60.7 69.6 88.4 86.6 71.8
Test 2 683 1 73.0 770 833 815
Test 3 59.7 732 80.6 90.8 93.8 913
Test 4 . 587 67.1 69.0 73.9 81.0 808
Test § 49.0 §5.1 723 76.8 735 _ a1
Test 6 457 526 62.0 664 811 68.8
Baghouse Exit Method 23 Train
Test 0 . 102 112 97.0 . 107 97.1 79.6
Test 1 _ 66.4 79.1 829 . 88.2 96.1 740
Test 2 122 % 128 110 121 137 _ 844
Test 3 119 - 130 109 110 139 64.1
Test 4 114 129 108 108 131 8
Test 5 124 133 103 107 138 546
Test 6 ' .15 124 104 103 - 129 - 123
Method blank 113 133 106 117 138 756
Recovexy QAO 70-130 70-130 70-130 70-130 70-130 70-130




TABLE 6-32. PCDD/PCDF MEASUREMENT MDLs: OBJECTIVES AND ACHIEVED

LEVELS
« Solid residues, Aqueous liquids,
Measurement ng/kg pg/L Flue gas, ng/dscm
parameter objective / achieved  objective / achieved  objective / achieved
2,3,7,8-TCDD 20 /0.6 200/13 0.2 / 0.0009
1,2,3,7,8-PeCDD ' 20/09 200 /22 0.2 / 0.0012
1,2,3,4,7,8-HxCDD 20/ 1.0 200 / 2.3 0.2 / 0.0015
1,2,3,6,7,8-HxCDD 20/08 200 /1.8 0.2 / 0.0012
1,2,3,7,8,9-HxCDD 20/09° 200 / 2.0 0.2 / 0.0015
1,2,3,4,6,7,8-HpCDD 20/10 200/ 22 0.2 / 0.0015
OCDD 20/ 1.1 200 / 4.7 ' 0.2/ 0.0061
2,3,7,8-TCDF 20/ 0.6 200/ 1.0 0.2 / 0.0009
1,2,3,7,8-PeCDF 20/0.7 200/ 15 0.2 / 0.0009
2,3,4,7,8-PeCDF 20 /0.7 200/ 15 0.2 / 0.0009
1,2,3,4,7,8-HxCDF 20 /0.7 200 / 1.6 0.2 / 0.0012
1,2,3,6,7,8-HxCDF | 20/ 0.5 200 / 1.2 0.2 / 0.0009
2,3,4,6,7,8-HxCDF - 20 / 0.7 200 / 2.7 0.2 / 0.0025
1,2,3,7,8,9-HxCDF 20 /0.8 200 / 1.7. 0.2 / 0.0012
1,2,3,4,6,7,8-HpCDF 20/ 0.6 200/ 14 0.2 / 0.0009
1,2,3,4,7,8,9-HpCDF 20 / 1.0 200/ 2.3 0.2 / 0.0015
OCDF 20 / 0.9 200 / 2.6 0.2 / 0.0018
Total TCDD 30 / 0.6 300 / 1.3 0.5 / 0.0009
Total PeCDD 30 /0.9 300 / 2.2 0.5 / 0.0012
Total HxCDD 30/ 0.9 300 / 2.1 0.5 / 0.0015
Total HpCDD 30/ 1.0 300 / 2.2 0.5 / 0.0015
Total TCDF 30 / 0.6 300 / 1.0 0.5 / 0.0009
Total PeCDF 30/07 300/ 15 0.5 / 0.0009
Total HxCDF 30/ 07 300 / 2.6 0.5 / 0.0021
Total HpCDF 30/0.8 300'/ 1.8 0.5 / 0.0012
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