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EXECUTIVE SUMMARY

BDAT Treatment Standards for

KO48, KO49, K050, KO51, and K052

In accordance with the amendments to the Resource Conservation and
Recovery Act (RCRA) enacted in the Hazardous and Solid Waste Amendments (HSWA)
of November 8, 1984, the Environmental Protection Agency (EPA) is establishing
best demonstrated available technology (BDAT) treatment standards for the
listed wastes identified in 40 CFR 261.32 as KOu8, KOU9, KO50, K051, and KO052.
Compliance with these BDAT treatment standards is a prerequisite for placement
of these wastes in units designated as land disposal units according to 40 CFR
Part 268. The BDAT treatment standards will be effective as of August 8,
1990. The Agency is granting a two-year nationwide variance to the original
effective date because of the lack of nationwide incineration or solvent

extraction capacity.

This background document provides the Agency's rationale and techni-
cal support for selecting the constituents to be regulated in KOuU8, KOug,
K050, K051, and K052 wastes and for developing treatment standards for those
regulated constiﬁuents. The document also provides waste characterization
information that serves as a basis for determining whether variances may be
warranted for a particular waste having the same waste code as one of the five

wastes above but with characteristics such that the particular waste is more

ix



difficult to treat than the waste for which the treatment standards have been

established.

The introductory section, (Section 1.0) summarizes the Agency's
legal authority and promulgated methodology for establishing treatment stan-
dards and discusses the petition process necessary for requesting a variance
from the treatment standards. The remainder of the document presents
waste-specific information: the number and locations of facilities affected
by the land disposal restrictions for KOU8, KOU9, K050, KO51, and K052; the
processes generating the wastes; characterization data; the technologies used
to treat the wastes (or similar wastes); and available performance data,
including data on which the treatment standards are based. The document also
explaing EPA's determination of BDAT, selection of constituents to be regu-

lated, and calculation of treatment standards.

According to 40 CFR 261.32, waste codes KOU8, KOu9, K050, K051, and
K052, which are generated by the petroleum refining industry, are listed as

follows:

Kou8: ~ Dissolved air flotation (DAF) float from the petroleum
refining industry;

KO49: Slop oil emulsion solids from the petroleum refining
industry;

K050: Heat exchanger bundle cleaning sludge from the petroleum

refining industry;

K051: API separator sludge from the petroleum refining industry;
and

K052: Tank bottoms (leaded) from the petroleum refining
industry.



The four digit Standard Industrial Classification (SIC) code most often
reported for the industry generating these wastes is 2911. The Agency esti-
mates that there are approximately 193 facilities that may generate wastes

identified as KOu48, Kou9, K050, K051, and KO052.

The Agency is regulating a total of twenty (20) organic constitu-
ents, five (5) metal constituents and one inorganic constituent in KO48, KOU9,
K050, K051, and K052 nonwastewaters and wastewaters. (For the purpose of the
land disposal restrictions rule, wastewaters are defined as wastes containing
less than 1 percent (weight basis) total suspended solids" and less than 1
percent (weight basis) total organic carbon (TOC). Wastes not meeting this
definition are classified as nonwastewaters.) Note that not all constituents
are being regulated in all five waste codes. The BDAT treatment standards for
the organic constituents in nonwastewater forms of KO48-K052 are based on
performance data from solvent extraction and incineration. The BDAT treatment
standard for the one inorganic constituent in nonwastewater forms of KOUB-K052
is based on performance data from incineration. The BDAT treatment standards
for metal constituents in KO48-K052 nonwastewaters are based on performance
data from a stabilization process. Standards for Naphthalene and Xylene in

nonwastewaters are being reserved. EPA intends to gather additional data on

*The term "total suspended solids" (TSS) clarifies EPA's previously
used terminology of "total solids" and "filterable solids". Specifically,
total suspended solids is measured by method 209C (Total suspended solids
dried at 103-105°C) in Standard Methods for the Examination of Water and
Wastewater, American Public Health Association, American Water Works
Association, and Water Pollution Control Federation, Sixteenth Edition.
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the treatment of these constituents. For KO48, KOU49, K050, KO51, and K052
wastewaters, the BDAT treatment standards for the organic constituents are
based on performance data for the scrubber water residual from the fluidized
bed incineration of KO48-K052. Standards for metal constituents in KO48-K052
wastewaters are based on a transfer of data from treatment of K062 and
metal-bearing characteristic wastes by chromium reduction, followed by lime
and sulfide precipitation and vacuum filtration. Treatment performance data

were transferred on a constituent basis from the same constituent.

The following table lists the specific BDAT treatment standards for
each of the five wastes. The treatment standards reflect the total concentra-
tion of the regulated organic constituents and one regulated inorganic con-
stituent in KOU8-K052 nonwastewaters and the total concentration of all
constituents in KOU48-K052 wastewaters. The treatment standards for metal
constituents in nonwastewaters are based on analysis of leachate obtained by
use of the Toxicity Characteristic Leaching Procedure (TCLP) found in Appendix
I of 4O CFR Part 268. The units for total constituent concentration are in
mg/kg (parts per million on a weight-by-weight basis) for nonwastewater and in
mg/l (parts per million on a weight-by-volume basis) for wastewater. The
units for leachate analysis are in mg/l (parts per million on a weight-by-
volume basis). If the concentrations of the regulated constituents in these
wastes, as geherated, are lower than or equal to the treatment standards,

treatment is not required prior to land disposal.

Testing procedures for all sample analyses are specifically identi-
fied in Appendix D of this background document.
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BDAT TREATMENT STANDARDS FOR KOu8, KOu9, K050, K051, AND K052

NONWASTEWATERS

Maximum for any single grab sample

Regulated Organic Constituents

Anthracene
Benz(a)anthracene
Benzene
Benzo(a)pyrene -
Bis(2-ethylhexyl)phthalate
Chrysene

o-Cresol

p-Cresol

Di-n-butyl phthalate
Ethylbenzene
Naphthalene
Phenanthrene

Phenol

Pyrene

Toluene

Xylene (total)

Total Concentration (mg/kg)

KOu8 KO49 K050 K051 K052
NA 6.2 NA 6.2 NA
NA NA NA 1.4 NA
9.5 9.5 NA 9.5 9.5
0.84 0.84 0.84 0.84 0.84
37 37 NA 37 NA
2.2 2.2 NA 2.2 NA
NA NA NA NA 2.2
NA NA NA NA 0.90
4.2 NA NA 4.2 NA
67 67 NA 67 67
Reserved Reserved NA Reserved Reserved
7.7 7.7 NA 7.7 1.7
2.7 2.7 2.7 2.7 2.7
2.0 2.0 NA 2.0 NA
9.5 9.5 NA 9.5 9.5
Reserved Reserved NA Reserved Reserved

TCLP Leachate Concentration (mg/l)

Regulated Metal Constituents KOU48 K049 K050 K051 K052
Arsenic 0.004 0.004 0.004 0.004 0.004
Chromium (total) 1.7 1.7 1.7 1.7 1.7
Nickel 0.048 0.048 0.048 0.048 0.048
Selenium 0.025 0.025 0.025 0.025 0.025

Total Concentration (mg/kg)
Regulated Inorganic Constituents Kou8 KOU9 K050 K051 K052
Cyanide 1.8 1.8 1.8 1.8 1.8

NA - Not Applicable.
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BDAT TREATMENT STANDARDS FOR KO48, KOug9, K050, K051, AND K052

WASTEWATERS

Maximum for any single grab sample .

Regulated Organic Constituents

Acenaphthene
Anthracene
Benz(a)anthracene
Benzene
Benzo(a)pyrene
Bis(2-ethylhexyl)phthalate
Carbon disulfide
Chrysene

o-Cresol

p-Cresol
2,4-Dimethylphenol
Di-n-butyl phthalate
Ethylbenzene
Fluorene

Naphthalene
Phenanthrene

Phenol

Pyrene

Toluene

Xylene (Total)

Regulated Metal Constituents

Chromium (total)
Lead

NA - Not Applicable.

Total Concentration (mg/l)

K048 Kou49 K050 K051 K052
NA NA NA 0.050 NA
NA 0.039 NA 0.039 NA
NA NA NA 0.043 NA

0.0m 0.011 NA 0.011 0.011

0.047 0.047 0.047 0.047 0.047

0.043 0.043 NA 0.043 NA
NA 0.011 NA NA NA

0.043 0.043 NA 0.043 NA
NA NA NA NA 0.011
NA NA NA NA 0.0M11
NA 0.033 NA NA 0.033

0.060 NA NA 0.060 NA

0.0M o.on NA 0.011 0.0M

0.050 NA NA 0.050 NA

0.033 0.033 NA 0.033 0.033

0.039 0.039 NA 0.039 0.039

0.047 0.047 0.047 0.047 0.047

0.045 0.045 NA 0.045 NA

0.011 0.011 NA 0.0M 0.011

0.011 0.0 NA 0.0M11 0.0M11

0.20 0.20 0.20 0.20 0.20

0.037 0.037 0.037 0.037 0.037
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1.0 INTRODUCT ION

This sectioq of the background document presents a summary of the
legal authority pursuant to which the BDAT treatment standards were developed,
a summary of EPA's.promulgated methodology for developing BDAT, and finally a
discussion of the petition process that should be followed to request a

variance from the BDAT treatment standards.

1.1 Legal Background

1.1.1 Requirements Under HSWA

The Hazardous and Solid Waste Amendments of 1984 (HSWA), which were
enacted on November 8, 1984, and which amended the Resource Conservation and
Recovery Act of 1976 (RCRA), impose substantial new responsibilities on those
who handle hazardous waste. In particular, the amendments require the Agency
to promulgate regulations that restrict the land disposal of untreated
hazardous wastes. In its enactment of HSWA, Congress stated explicitly that
"reliance on land disposal should be minimized or eliminated, and land
disposal, particularly landfill and surface impoundment, should be the least
favored method for managing hazardous wastes" (RCRA section 1002(b)(7), 42

U.S.C. 6901(b)(7)).

One part of the amendﬁents specifies dates on which particular

groups of untreated hazardous wastes will be prohibited from land disposal
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unless "it has been demonstrated to the Administrator, to a reasonable degree
of certainty, that there will be no migration of hazardous constituents from

the disposal unit or injection zone for as long as the wastes remain hazard-

ous" (RCRA section 3004(d)(1), (e)(1), (g)(5), 42 U.S.C. 6924 (d)(1), (e)(1),
(8)(5)).

For the purpose of the restrictions, HSWA defines land disposal "to
include, but not be limited to, any placement of . . . hazérdous waste in a
landfill, surface impoundment, waste pile, injectibn well, land treatment
facility, salt dome formation, salt bed formation, or underground mine or
cave" (RCRA section 3004(k), 42 U.S.C. 6924(k)). Although HSWA defines land
disposal to include injection wells, such disposal of solvents, dioxins, and
certain other wastes, known as the California List wastes, is covered on a
separate schedule (RCRA section 3004(f)(2), 42 U.S.C. 6924 (f)(2)). This
schedule requires that EPA develop land disposal restrictions for deep well

injection by August 8, 1988.

The amendments aiso require the Agency to set "levels or methods of
treatment, if any, which substantially diminish the toxicity of the waste or
substantially reduce the likelihood of migration of hazardous constituents
from the waste so that short-term and long-term threats to human health and
the environment are minimized" (RCRA section 3004(m)(1), 42 U.S.C. 6924
(m)(1)). Wastes that meet treatment standards established by EPA are not
prohibited and may be land disposed. In setting treatment standards_for

listed or characteristic wastes, EPA may establish different standards for
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particular wastes within a single waste code with differing treatability
characteristics. One such characteristic is the physical form of the waste.
This frequently leads to different standards for wastewaters and nonwaste-

waters.

Alternatively, EPA can establish a treatment standard that is
applicable to more than one waste code when, in EPA's judgment, all the waste
can be treated to the same concentration. In those instances where a genera-
tor can cemonstrate that the standard promulgated for the generator's waste
cannot be achieved, the Agency also can grant a variance frcm a treatment
standard by revising the treatment standard for that particular waste through
rulemaking procedures. (A further discussion of treatment variances is

provided in Section 1.3.)

The land discosal restrictions are effective when promulgated unless
the Administrator grants a national variance and establishes a different date
(not to exceed 2 years beyond the statutory deadline) based on "the earliest
date on which adequate alternative treatment, recovery, or disposal capacity
which protects human health and the environment will be available" (RCRA

.section 3004(h)(2), 42 U.S.C. 6924 (h)(2)).

If EPA fails to set a treatment standard by the statutory deadline
for any hazardous waste in the First Third or Second Third of the schedule
(see Section 1.1.2), the waste may not be disposed in a landfill or surface

impoundment unless the facility is in compliance with the minimum

1-3



technological requirements specified in section 300“(of.of RCRA. In addition,
prior to disposal, the generator must certify to the Administrator that the
availability of treatment capacity has been investigated, and it has been
determined that disposal in a landfill or surface impoundment is the only
practical alternative to treatment currently available to the éenerator. This
restriction on the use of landfills And surface iméoundments applies until EPA
sets a treatment standard for the waste or until an 8, 1990, whichever is
sooner. If the Agency fails to set a treatment standard for any ranked
hazardous waste by May 8, 1990, the.waste is automatically prohibited from
land disposal unless the waste is placed in a land disposal unit that is the
subject of a successful "no migration" demonstration (RCRA section 300U4(g), 42
U.S.C. 6924(g)). "No migration” demonstrations are based on case-specific
petitioﬂs that show there will be no migration of hazardous constituents from

the unit for as long as the waste remains hazardous.

1.1.2 Schedule for Developing Restrictions

Under section 3004(g) of RCRA, EPA was required to establish a
schedule for developing treatment standards for all wastes that the Agency had
listed as hazardous by November 8, 1984. Section 3004(g) required that this
schedule consider the intrinsic hazards and volumes associated wi;h each of
these wastes. The statute required EPA to set treatment standards according

to the following schedule:

-1, Solvents and dioxins standards must be promulgated by November
8, 1986;



2. The "California List" must be promulgated by July 8, 1987;

3. At least one-third of all listed hazardous wastes must be
promulgated by August 8, 1988 (First Third);

4, At least two-thirds of all listed hazardous wastes must be
promulgated by June 8, 1989 (Second Third); and

5. All remaining listed hazardous wastes and all hazardous wastes
identified as of November 8, 1984, by one or more of the
characteristics defined in 40 CFR Part 261 must be promulgated
by May 8, 1990 (Third Third).

The statute specifically identified the solvent wastes as those

covered under waste codes F001, F002, FO03, FOO4, and FO0S5; it identified the

dioxin-containing hazardous wastes as those covered under waste codes F020,

FO21, F022, and FO023.

Wastes collectively known as the California List wastes, defined
under section 300U4(d) of HSWA, are liquid hazardous wastes containing metals,
free cyanides, PCBs, corrosives (i.e., a pH less thaﬁ or equal to 2.0), and
any liquid or nonliquid hazardous waste containing halogenated organic com-
pounds (HOCs) above 0.1 percent by weight. Rules for the California List were
proposed on December 11, 1986, and final rules for PCBs, corrosives, and
HOC-containing wastes were established August 12, 1987. In that rule, EPA
elected not to establish standards for metals. Therefore, the statutory

limits became effective.

On May 28, 1986, EPA published a final rule (51 FR 19300) that

delineated the specific waste codes that would be addressed by the First



Third, Second Third, and Third Third. This schedule is incorporated into

40 CFR 268.10, 268.11, and 268.12.

1.2 Summary of Promulgated BDAT Methodology

In a November 7, 1986 rulemaking, EPA promulgated a technology-based
approach to establishing treatment standards under section 3004(m). Section
3004(m) also specifies that treatment standards must "minimize" long- and
short~-term threats to human health and the environmenﬁ arising from land

disposal of hazardous wastes.

Congress indicated in the legislative history accompanying the HSWA
that (t)he requisite levels of (sic) methods of treatment established by the
Agency should be the best that has been demonstrated to be achievable,”" noting
that the intent is "to require utilization of available technology" and not a
"process which contemplates technology-forcing standards" (Vol. 130 Cong.
Rec. S9178 (daily ed., July 25, 1984)). EPA has interpreted this legislative
history as suggesting that Congress considered the requirement under section

3004(m) to be met by application of the best demonstrated and achievable

(i{.e., available) technology prior to land disposal of wastes or treatment
residuals. Accordingly, EPA's treatment standards are generally based on the
performance of the best demonstrated available technology (BDAT) identified
for treatment of the hazardous constituents. This approach involves the
identification of potential treatment systems, the determination of whether
they are demonstrated and available, and the collection of treatment data from

well-desgsigned and well-operated systems.
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The treatment standards, according to the statute, can represent
levels or methods of treatment, if any, that substantially diminish the
toxicity of the waste or substantially reduce the likelihood of migration of
hazardous constituents. Wherever possible, the Agency prefers to establish
BDAT treatment standards as "levels" of treatment (i.e., performance stan-
dards), rather than adopting an approach that would require the use of spe-
cific treatment "methods." EPA believes that concentration-based treatment
levels offer the regulated community greater flexibility to develop and
implement compliance strategies, as well as an incentive to develop innovative

technologies.

1.2.1 Waste Treatability Group

In developing the treatment standards, EPA first characterizes the
waste(s). As necessary, EPA may establish treatability groups for wastes
having similar physical and chemical properties. That is, if EPA believes
that wastes represented by different waste codes could be treated to similar
.concentrations using identical technologies, the Agency combines the codes
into one treatability group. EPA generally considers wastes to be similar
when they are both generated from the same industry and from similar process-
ing stages. In addition, EPA may combine two or more separate wastes into the
same treatability group when data are available showing that the waste charac-
teristics affecting performance are similar or that one waste would be

expected to be less difficult to treat.
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Once the treatability groups have been established, EPA collects and
analyzes data on identified technologies used to treat the wastes in each
treatability group. The technologies evaluated must be demonstrated on the

waste or a similar waste and must be available for use.

1.2.2 Demonstrated and Available Treatment Technologies

Consistent with legislative history, EPA considers demonstrated
technologies to be those that are used to treat the waste of interest or a
similar waste with regard to parameters that affect treatment selection (see
November 7, 1986, 51 FR 40588). EPA also will consider as treatment those
technologies used to separate or otherwise process chemicals and other materi-
als. Some of these technologies clearly are applicable to waste treatment,
since the wastes are similar to raw materials processed in industrial applica-

tions.

For most of the waste treatability groups for which EPA will promul-
gate treatment standards, EPA will identify demonstrated technologies either
through review of literature related to current waste treatment practices or
on the basis of information provided by specific facilities currently treating

the waste or similar wastes.

In cases where the Agency does not identify any facilities treating
wastes represented by a particular waste treatability group, EPA may transfer

a finding of demonstrated treatment. To do this, EPA will compare the
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'parameters affecting treatment selection for the waste Ereatability group of
interest to other wastes for which demonstrated technologies already have been
determined. The parameters affec;ing treatment selection and their use for
this waste are described in Section 3.2 of this document. If the parameters
affecting treatment selection are similar, then the Agency will consider the
treatment technology also to be demonstrated for the waste of interest. For
example, EPA considers rotary kiln incineration to be a demonstrated tech-
nology for many waste codes containing hazardous organic constituents, high
total organiec contenﬁ, and high filterable solids content, regardless of
whether any facility is currently treating these wastes. The basis for this
determination is data found in literature and data generated by.EPA confirming
the use of rotary kiln incineration on wastes having the above characteris-

tics.

If no commercial treatment or recovery operations are identified for
a waste or wastes with similar physical or chemical -characteristics that
affect treatment selection, the Agency will be unable to identify any demon-
strated treatment technologies for the waste, and, accordingly, the waste will
be prohibited from land disposal (unless handled in accordance with the
exemption and variance provisions of the rule). The Agency is, however,
committed to estéblishing treatment standards as soon as new or improved

treatment processes are demonstrated (and available).

Operations only available at research facilities, pilot- and bench-

scale operations, will not be considered in identifying demonstrated treatment
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technologies for a waste because these technologies would not necessarily be
"demonstrated." Nevertheless, EPA may use data generated at research facili-

ties in assessing the performance of demonstrated technologies.

As discussed earlier, Congress intended that technologies used to
establish treatment standards under section 3004(m) be not only "demon-
strated," but also available. To decide whether demonstrated téchnologies may
be considered "available," the Agency determines whether they (1) are commer-
cially available and (2) substantially diminish the toxicity of the waste or
substantially reduce the likelihood of migration of hazardous constituents

from the waste.

EPA will only set treatment standards vased on a technology.that
meets the above criteria. Thus, the decision to classify a technology as
"unavailable” will have a direct impact on the treatment standard. If the
best technology is unavailable, the treatment standard will be based on the
next best treatment technology determined to be available. To the extent that
the resulting treatment standards are less stringent, greater concentrations
of hazardous constituents in the treatment residuals could be placed in land

disposal units..

There also may be circumstances in which EPA concludes that for a
given waste none of the demonstrated treatment technologies are "available"
for purposes of establishing the 3004(m) treatment performance standards.

Subsequently, these wastes will be prohibited from continued placement in or
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on the land unless managed in accordance with applicable exemptions and
variance provisions. The Agency is, however, committed to establishing new
treatment standards as soon as new or improved treatment processes become

"available."

(1) Proprietary or Patented Processes. If the demonstrated treat-
ment technology is a proprietary or patented process that is not generally
available, EPA will'not congider the technology in its determination of the
treatment sﬁandards. EPA will consider proprietary or patented processes
available if it determines that the treatment method can be purchasgd or
licensed from the proprietor or is a commercially available treatment. The
services of the commercial facility offering this technoiogy often can be

purchased even if the technology itself cannot be purchased.

(2) Substantial Treatment. To be considered "available,”" a demon-

strated treatment technology must “substantially diminish the toxicity" of the
waste or "substantially reduce the likelihood of migration of hazardous
constituents" from the waste in accordance with section 3004(m). By requiring
that substantial treatment be achieved in order to set a treatment standard,
the statute ensures that all wastes are adequately treated before being placed
in or on the land and ensures that the Agency does not require a treatment
method that provides little or no environmental benefit. Treatment will
always be deemed substantial if it results in nondetectable levels of the
hazardous constituents of concern. If nondetectable levels are not achieved,

then a determination of substantial treatment will be made on a case-by-case
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basis. This approach is necessary because of the difficulty of establishing a
meaningful guideline that can be applied broadly to the many wastes and tech-
nologies to be considered. EPA will consider the following factors in an
effort to evaluate whether a technology provides substantial treatment on a

case-by-case basis:

(a) Number and types of constituents treated;

(b) Performance (concentration of the constituents in the
treatment residuals); and

(¢) Percent of constituents removed.

If none of the demonstrated treatment technologies achieve substan-
tial treatment of a waste, the Agency cannot establish treatment standards for

the constituents of concern in that waste.

1.2.3 Collection of Performance Data

Performance data on the demonstrated available technologies are
evaluated by the Agency to determine whether the data are representative of
well-designed and well-operated treatment systems. Only data from well-
designed and well-operated systems are included in determining BDAT. The data
evaluation includes data already collected directly by EPA and/or data pro-
vided by industry. In those instances where additional data are needed to
supplement existing information, EPA collects additional data through a
sampling and analysis program. The principal elements of this data collection

program are:



(1)
(2)
(3)
(4)
(5)

(1)

Identification of facilities for site visits,
Engineering site visit,

Sampling and Analysis Plan,

Sampling visit, and

Onsite Engineering Report.

Identification of Facilities for Site Visits. To identify

facilities that generate and/or treat the waste of concern, EPA uses a number

of information

sources. These include Stanford Research Institute's Directory

of Chemical Producers; EPA's Hazardous Waste Data Management System (HWDMS);

the 1986 Treatment, Storage, Disposal Facility (TSDF) National Screening

Survey; and EPA's Industry Studies Data Base. In addition, EPA contacts trade

associations to inform them that the Agency is considering visits to facili-

ties in their industry and to solicit their assistance in identifying facili-

ties for EPA to consider in its treatment sampling program.

After identifying facilities that treat the waste, EPA uses this

hierarchy to select sites for engineering visits:

(M
(2)
(3)
(4)
This

(1)

(2)

generators treating single wastes on site;

generators treating multiple wastes together on site;
commercial treatment, storage, and disposal facilities (TSDFs);
and

EPA in-house treatment.

hierarchy is based on two concepts:

to the extent possible, EPA should develop treatment standards
from data produced by treatment facilities handling only a
single waste, and

facilities that routinely treat a specific waste have had the
best opportunity to optimize design parameters. Although
excellent treatment can occur at many facilities that are not
high in this hierarchy, EPA has adopted this approach to avoid,
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when possible, ambiguities related to the mixing of wastes
before and during treatment.

When possible, the Agency will evaluate treatment technologies using
commercially operated systems. If performance data from properly designed and
operated commercial treatment methods for a particular waste or a waste judged
to be similar are not available, EPA may use data from research facilities
operations. Whenever research facility data are used, EPA will explain in the
preamble and background document why such data were used and will request

comments on the use of such data.

Although EPA's data bases provide information on treatment for
individual wastes, the data bases rarely provide data that support the selec-
tion of one facility for sampling over another. In cases where several
treatment sites appear to fall into the same level of the hierarchy, EPA
selects sites for visits strictly on the basis of which facility could most
expeditiously be visited and later sampled if justified by the engineering

visit.

(2) Engineering Site Visit. Once a treatment facility has been
selected, an engineering site visit is made to confirm that a candidate for
sampling meets EPA's criteria for a well-designed facility and to ensure that
the necessary sampling points can be accessed to determine operating parame-
ters and treatment effectiveness. During the visit, EPA also confirms that
the facility appears to be well operated, although the actual operation ofAthe

treatment system during sampling is the basis for EPA's decisions regarding
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proper operation of the treatment unit. In general, the Agency considers a
well-designed facility to be one that contains the unit operations necessary
to treat the various hazardous constituents of the waste, as well as to

control other nonhazardous materials in the waste that may affect treatment

-,

performance.

In addition to ensuring that a system is reasonably well designed,
the engineering visit examines whether the facility has a way to measure the
operating pafameters that affect performance of the treatment system during
the waste treatment period. For example, EPA may choose not to Sample a
treatment system that operates in a continuous mode, for which an important
operating parameter cannot be continuously recorded. In such systems, instru-
mentation is important in determining whether the treatment system is operat-

ing at design values during the waste treatment period.

(3) Sampling and Analysis Plan. If after the engineering site

visit the Agency decides to sample a particular plant, the Agency will then
develop a site-specific Sampling and Analysis Plan (SAP) according to the
Generic Quality Assurance Project Plan for the Land Disposal Restriction
Program ("BDAT"), EPA/530-SW-87-011. In brief, the SAP discusses where the
Agency plans to sample, how the samples will be taken, the frequency of
sampling, the constituents to be analyzed and the method of analysis, opera-
tional parameters to be obtained, and specific laboratory quality control

checks on the analytical results.



'The Agency will generally produce a draft of the site-specifie
Sampling and Analysis Plan within 2 to 3 weeks of the engineering visit. The
draft of the SAP is then sent to the plant for review and comment. With fow
exceptions, the draft SAP should be a confirmation of data collection activi-
ties discussed with the plant personnel during the engineering site visit.
EPA encourages plant personnel to recommend any modifications to the SAP that

they believe will improve the quality of the data.

It is important to note that sampling of a plant by EPA does not
mean that the data will be used in the development of treatment standards for
BDAT. EPA's final decision on whether to use data from a sampled plant
depends on the actual analysis of the waste being treated and on the operating
conditions at éhe time of sampling. Although EPA would not plan to sample a
facility that was not ostensibly well designed and well operated, there is no
way to ensure that at the time of the sampling the facility will not experi-
ence operating problems. Additionally, EPA statistically compares its test
data to suitable industry-provided data, where available, in its determination
of what data to use in developing treatment standards. The methodology for

comparing data is presented later in this section.

(Note: Facilities wishing to submit data for consideration in the
development of BDAT standards should, to the extent possible, provide sampling
information similar to that acquired by EPA. Such facilities should review |
the Generic Quality Assurance Project Plan for the Land Disposal Restriction

Program ("BDAT"), which delineates all of the quality control and quality



assurance measures associated with sampling and analysis. (Quality assurance
‘and quality control procedures are summarized in 3ection 1.2.6 of this

document.)

(4) Sampling Visit. The purpose of the sampling visit is to

collect samples that characterize the performance of the treatment system and
to document the operating conditions that existed during the waste treatment
period. At a minimum, the Agency attempts to collect sufficient samples of
the untreated waste and solid and liquid treatment residuals so that variabil-
ity in the treatment process can be accounted for in the development of the
treatment standards. To the extent practicable, and within safety con-
straints, EPA or its contractors collect all samples and ensure that chain-
uf-custody procedures are conducted so that the integrity of the data is

maintained.

In general, the samples collected during the sampling visit will
have already been specified in the SAP. In some instances, however, EPA will
not be able to collect all planned samples because of changes in the facility
operation or plant upsets; EPA will explain any such deviations from the SAP

in its follow-up Onsite Engineering Report.

(5) Onsite Engineering Report. EPA summarizes all its data collec-

tion activities and associated analytical results for testing at a facility in
a report referred to as the Onsite Engineering Report (OER). This report

characterizes the waste(s) treated, the treated residual concentrations, the
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design and operating data, and all analytical results including methods used
and accuracy results. This report also describes any deviations from EPA's
suggested analytical methods for hazardous wastes (see Test Methods for

Evaluating Solid Waste, SW-846, Third Edition, November 1986).

After the Onsite Engineering Report is completed, the report is
submitted to the plant for review. This review provides the plant with a
final opportunity to claim any information contained in the report as confi-
dential. Following the review and incorporation of commeﬁts, as appropriate,
the report is made available to the public with the exception of any material

claimed as confidential by the plant.

1.2.4 hazardous Constituents Considered and Selected for Regulation

(1) Development of BDAT List. The list of hazardous constituents
within the waste codes that are targeted for treatment is referred to by the
Agency as the BDAT constituent list. This list, provided as Table 1-1, is
derived from the constituents presented in 40 CFR Part 261, Appendices VII and
VIII, as well as several ignitable constituents used as the basis of listing
wastes as F0O3 and FO05. These sources provide a comprehensive list of
hazardous constituents specifically regulated under RCRA. The BDAT list
consists of those constituents that can be analyzed using methods published in

SW-846, Third Edition.



Table 1-1 BOAT Constituent L1st

B0AT
reference Parameter Cas no.
RQ .

1] l“ 1 ls:
222. Acetone 67-64-1
i. Aceton:trile 75-05-8
2. Acrolen 107-02-8
3. Acrylonitrile 107-13-1
4. Benzene 71-43-2
5. 8romogichloromsthane 75-27-4
6. 8romomethane 74-83-9
. n-Buty! alconol 71-36-3
7. Carbon tetrachloride S6-23-$
8. Carpbon disulfide 75-15-0
9. Chlorobenzene 108-90-7
10. 2-Chlgro-l,3-butadiene 126-99-8
1. Chlgrodibromomethane 124-48-1
12. Chlgrosthane 75-00-3
13. 2-Chloroethy! vinyl ether 110-75-8
14. Chigreform 67-68-3
1§. Chloromethane 14-87-3
18. 3-Chloropropene 107-08-1
17. 1.2-0ibromo-3-chloropropane 96-12-8
18. 1,2-01bromoethane 106-93-4
19. 0ibromaomethane 74-95-3
20. Trans-1.4-01chloro-2-butens 110-57-8
21. Dichlorodif luoromethans 15-71-8
22. 1,1-0ichlorosthane 78-34-3
23. 1.2-0ichlorosthane 107-08-2
2. 1.1-01chlorosthy lene 75-35-4
28. Trans-1,2-0ichlorosthene 156-60-%
26. 1.2-01chloropropane 78-87-%
27. Trans-1,3-0ichloropropene 10061-02-8
28. cis-1,3-0ichloropropene 10081-01-5
2. 1,4-040xane 123-91-1
224. 2-Ethoxyethano| 60-29-7
228. Ethyl acetate 141-78-8
228. Ethy! benzens 100-41-4
30. Ethyl cyanide 107-12-0
227. Ethy! ether 60-29-7
1. Ethy! mathacrylate 97-83-2
214. €thy lene oxide 75-21-8
32. [odomethane 74-88-4
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Table 1-1 {continued)

B0AT
reference Parameter Cas no.
no.
¥glatiles {continued)
1. [sobuty! alcoho!l 78-83-1
228. Methanol 67-56-1
34, Methy! ethy! ketone 78-93-3
229. Methy! isobuty! ketone ' 108-10-1
38. Methy! methacrylate 80-62-6
7. Methacrylonitrile 126-98-7
8. Methy iens chlorice 75-09-2
230. 2-Nitropropans 79-48-9
39. Pyridine 110-86-1
40. 1.1,1.2-Tetrachloroethane 630-20-8
4. 1.1,2.2-Tetrachloroethane 79-34-8
4. Tetrachlioroethene 127-18-4
43. Toluene 108-88-3
“. Tribromomathane 75-28-2
45. 1.1.1-Trichlorosthane 71-5%-8
4. 1.1,2-Trichloroethane 79-00-%
47. Trichlorosthene 79-01-8
48. Trichloromonof luoransthane 15-69-4
49, 1.2.3-1 *ichloropropane 96-18-4
231, 1.1.2-Trichloro-1,2.2-trifluoro- 76-13-1
ethane
50. Vinyl chloride 75-01-4
21S. 1,2-Xylene 97-47-8
216. 1.3-Rylene 108-38-3
217. 1.4-Lylene 108-44-8
ivglggi!

si. ’ Acenaghtha lene 208-98-8
S2. Acsnapnthene 83-32-9
s3. Acstophenone 96-86-2
S4. 2-Acaty laminof luorene 53-98-3
ss. 4-Aminod 1pheny | 92-67-1

. Aniling _ 62-53-3
s7. Anthracene 120-12-7

. Aramite 140-57-8
s9. Benz(a)anthracene $6-55-3
218. Benza! chlorice 98-87-3
60. Benzenetho! 108-98-9
6l. Oeleted
62. Benzo(a)pyrens 50-32-8
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Table 1-1 (continued)

BOAT
reference Paramster CAS no.
ng

Semivolatileg (continued)
63. Benzo(b)f luoranthene 205-99-2
64. 8enzo(gni)perylene 191-24-2
6S. Benzo(k)f luoranthens 207-08-9
66. p-8enzoquinone 106-51-4
87. 8is(2-cnloroetnoxy)mathane 111-91-1
68. 8:13(2-chloroetny!)ether 111-44-4
69. B81s(2-chlioroisopropyilether 39638-32-9
70. B8is(2-ethy Ihexyl)phthalate 117-81-7
1. 4-8romopneny | phenyl ether 101-55-3
72. Butyl benzy! pnthalate 85-68-7
13. 2-sec-Buty)-4,6-dinitrophencl 88-85-7
14. p-Chloroaniline 106-47-8
75. Chlorobenzi late $10-15-6
76. p-Chloro-a-creso! $9-50-7
77. 2-Chlorcnaphtha lene 91-58-7
78. 2-Chlorophenc | 95-57-8
79. 3-Chloropropionitrile 542-76-7
80. Chrysene 218-01-9
81. ortho-Cresol 95-48-7
az. para-Cresol 106-44-§
232. Cyc lohaxanone 108-94-1
83. Dibenz(a,h)anthracens 53-70-3
84. Dibenzo(a.e)pyrens 192-65-4
8s. Dibenzo(a, i)pyrens 189-55-9
86. m-0ichlorobenzene S41-73-1
ar. o-Dichlorobenzene 95-50-1
as. p-Otchiorotenzene 106-48-7
a9. 3.3’ -Dichlorobenziding 91-94-1
90. 2,4-0ichlorophenc | 120-83-2
91. 2.8-0ichlorophenal 87-65-0
92. Disthy) phthalate 84-68-2
9. 3.3'-0imsthoxybenzidine 118-90-4
9. p-0imathy lamincazobenzene 60-11-7
9s. 3.3’ -Oimpthy Ibenz 1g1ne 119-93-7
9. 2.4-Dimsthy Ipheno 105-67-9
97. Oimathy! phthalate 131-11-3
98. Di-n-buty! phthalste 84-74-2
99. 1,4-Din1trobenzens 100-25-4
100. 4,6-Dinitro-o-creso! 534-52-1
101. 2.4-0in1trophenc! 51-28-5
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Table 1-1 {continued)

BOAT
reference Parameter CAS no.
m.
Semivglatiles (continued)

102. 2.4-Dinitrotoluene 121-14-2
103. 2.6-0in1trotoluene 606-20-2
104. Dr-n-octy) pnthalate 117-84-0
10S. Di-n-propyinitrosamine 621-64-7
106. 0rpheny lamine 122-39-4
219. Oipheny Initrcsamine 86-30-8
107. 1,2-0ipheny ihydrazine 122-68-7
108. Fluoranthene 206-44-0
109. fluorene 86-73-7
110. Mexach lorobenzene 118-74-1
111 Hexach lorcbutadiene 87-68-3
112. mexasch lorocyc lopentadiens 17-47-4
113. Hexach ioroethane 67-72-1
114. Hexach lorophene 70-30-4
11§. Mexach loropropene 1888-71-7
116. Indeno(1.2,3-cd)pyrene 193-39-%
117. Isosafrole 120-58-1
118. Methapyrilene 91-80-%
119. 3-Methylcho lanthrene 56-49-%
120. 4.4’ -Mathylened)s

(2-chlorcaniling) 101-14-4
38. Methy! methanesylfonate 66-27-3
121. Napghtha lene 9{-20-3
122. 1, 4=-Naphthoqu inone 130-15-4
123. 1-Naphthy lamine 134-32-7
124. 2-Naphthy lemine 91-58-8
128. p-Nitroaniling 100-01-6
128. Nitrobenzene 98-95-3
127. 4-Nitropheno 100-02-7
128. N-Nitrosodi-n-butylemine 924-18-3
129. N-Nitrosodiethy iamine §5-18-3
130. N-Aitrosodimethy laming 82-75-9
131. R-Nitrosamethy lethy lamine 10535-35-8
132. N-Nitrosomorpho | ine 59-89-2
133. N-Nitrosopiperiding 100-75-4
134. n-Nitrosopyrrolidine 930-53-2
138. S-Nitro-a-toluidine 99-685-8
138. Pentach lorobenzene 608-93-$
137. Pentachlorosthane 78-01-7
138. Pentachloronitrobenzene 82-68-8
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Table 11 (continyed)

B0AT
refarence Parameter CAS no.
ng,

Semivolatiles (continued)
139. Pentachlorophenc | 87-88-5
140. Phenacetn 62-44-2
141. Phenanthrene 85-01-8
142. Phenol 108-95-2
220. Phthalic anhydride 85-44-9
143. 2-Picoline 109-06-8
144. Pronamice 23950-58-5
145. _ Pyrene 129-00-0
146. Resorcinol 108-46-3
147. Safrole 94-59-7
148. 1,2.4.5-Tetrachlorabenzens 95-94-3
149. 2.3,4,6-Tetrachloropheno | $8-90-2
150. 1.2.4-Trichlorobenzene 120-82-1
181. 2.4,5-Trichloropneno | 95-95-4
152. 2.4,8-Trichloropheno] 88-08-2
153. Tris(2.3-dibromopraopyl)

phosphate 128-72-7

Mataly
154. Ant imony 7440-36-0
155. Arsenic 7440-38-2
1586. Barius 7440-39-3
187. Beryllium 7440-41-7
158. Caomium 1440-43-9
159. Chramius (total) 7440-47-32
221. Chromtum (hexavalent) -
160. Copper 7440-50-8
161. Lead 7439-92-1
162. Mercury 7439-97-8
183. Nicke!l 7440-02-0
164. Selenium 7782-49-2
168. Silver 7440-22-4
168. Thalliuwm 7440-28-0
167. Vanadium 7440-82-2
168. Line 7440-88-8

Iograanica
169. Cyanide 57-12-%
170. Fluoride 16984-48-8
171, Sulfide 8496-25-8
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Table 1-1 (continued)

80AT
reference Parameter CAS no.
ng.

Qr“ngsh!grm! gesticides
172. Aldrin 309-00-2
173. alpha-8HC 319-84-6
174, beta-8nC 319-85-7
175. delta-8KC 319-86-8
176. gamma-8MC 58-89-9
177. Chiordane §7-74-9
1178. 000 12-54-8
179. 00E 12-55-9
180. oot $0-29-3
181. Qisldrin 80-57-1
182. Encosulfan | 939-98-8
183. Endosulfan I1 33213-6-S
184. Endrin 72-20-8
188. Endrin aldehyde 7421-93-4
188. Heptachlor 78-44-8
187. Meptachlor epoxide 1024-57-3
188. [sodrin 485-73-8
189. Kepone 143-5%0-0
190. Methoxyc lor 72-43-5
191. Toxaphene 8001-35-2

|4 ) 1¢
192. 2.4-0ichlorophenoxyacetic acid 94-78-7
193. Silvex 93-72-1
194. 2.4.5-T 93-78-5

in ie i

195. Otsulfoton 298-04-4
196. Famphur 52-85%-7
197. Nathyi parathion 298-00-0
198. Parathion $6-38-2
199. Phorate 298-02-2

Xh
200. Aroglor 1018 12674-11-2
201. Aroglor 1221 11104-28-2
202. Aroglor 1232 11141-18-5
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Table 1-1 (continued)

BO0AT
reference Paramater CAS no.
ng.
[ ntin
203. Aroc lor 1242 $3469-21-9
204. Aroc lor 1248 126872-29-6
208. Aroclor 1254 11087-69-1
208. Aroclor 1260 11096-82-5
19X 11 fyuran
207. Mexachlorodibenzo-p-dioxing -
208. Mexachlorodibenzofurans -
209. Pentachlorodibenzo-p-dioxins -
210. Pentachlorodibenzofurans -
211, Tetrachlorodibenzo-p-di10xins -
212. Tetrachlorodibenzofurans -
21. 2.3.7.8-Tetrachlorodibenzo-p-dioxin 1746-01-8
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The initial BDAT constituent list was published in EPA's Generic
Quality Assurance Project Plan, March 1987 (EPA/530-SW-87-011). Additional
constituents will be added to the BDAT constituent list as more key constitu-
ents are identified for specific waste codes or as new analytical methods are
developed for hazardous constituents. For example, since the list was pub-
lished in March 1987, 18 additional constituents (hexavalent chromium, xylenes
(all three'isomers), benzal chloride, phthalic anhydride, ethylene oxide,
acetone, n-butyl alcohol, 2-ethoxyethanol, ethyl acetate, ethyl benzehe, ethyl
ether, methanol, methyl isobutyl ketone, 2-nitropropane, 1,1,2-trichloro-

1,2,2- trifluoroethane, and cyclohexanone) have been added to the list.

Chemicals are listed in Appendix VIII if they are shown in scien-
tific studies to have toxie, carcinogenic, mutagenic, or teratogenic effects
on humans or other life-forms, and they include such substances as those
identified by the Agency's Carcinogen Assessment Group as being carcinogenic.
Including a constituent in Appendix VIII means that the constituent can be

cited as a basis for listing toxic wastes.

Although Appendix VII, Appendix VIII, and the FO03 and FO005 igni-
tables provide a comprehensive list of RCRA-regulated hazardous constituents,
not all of the constituents can be analyzed in a complex waste matrix.
Therefore, constituents that could not be readily analyzed in an unknown waste
matrix were not included on the initial BDAT list. As mentioned above,

however, the BDAT constituent list is a continuously growing list that does



not preclude the addition of new constituents when analytical methods are

developed.

There are five major reasons that constituents were not included on

.

the BDAT constituent list:

Constituents are unstable. Based on their chemical structure,
some constituents will either decompose in water or will
ionize. For example, maleic anhydride will form maleic acid
when it comes in contact with water and copper cyanide will
ionize to form copper and cyanide ions. However, EPA may
choose to regulate the decomposition or ionization products.

EPA-approved or verified analytical methods are not available.
Many constituents, such as 1,3,5-trinitrobenzene, are not
measured adequately or even detected using any of EPA's analyt-
ical methods published in SW-846 Third Edition.

The constituent is a member of a chemical group designated in
Appendix VIII as not otherwise specified (N.0.S.). Constitu-
ents listed as N.0.S., such as chlorinated phenols, are a
generic group of some types of chemicals for which a single
analytical procedure is not available. The individual members
of each such group need to be listed to determine whether the
constituents can be analyzed. For each N.0.S. group, all those
constituents that can be readily analyzed are included in the
BDAT constituent list.

Available analytical procedures are not appropriate for a
complex waste matrix. Some compounds, such as auramine, can be
analyzed as a pure constituent. However, in the presence of
other constituents, the recommended analytical method does not
positively identify the constituent. The use of high pressure
liquid chromatography (HPLC) presupposes a high expectation of
finding the specific constituents of interest. In using this
procedure to screen samples, protocols would have to be devel-
oped on a case-specific basis to verify the identity of con-
stituents present in the samples. Therefore, HPLC is not an
appropriate analytical procedure for complex samples containing
unknown constituents.

Standards for analytical instrument calibration are not commer-
cially available. For several constituents, such as
benz(c)acridine, commercially available standards of a "reason-
ably" pure grade are not available. The unavailability of a
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‘standard was determined by a review of cdtalogs from specialty
chemical manufacturers.

Two constituents (fluoride and sulfide) are not specifically included in
Appendices VII and VIII; however, these compounds are included on the BDAT
list as indicator constituents for compounds from Appendices VII and VIII.such

as hydrogen fluoride and hydrogen sulfide, which ionize in water.

The BDAT constituent list presented in Table 1-1 is divided into the

following nine groups:

Volatile organics;

Semivolatile organics;

Metals; '

Other inorganics;
Organochlorine pesticides;
Phenoxyacetic acid herbicides;
Organophosphorous insecticides;
PCBs; and

Dioxins and furans.

0O0OO0O0OOO0ODO0OO

The constituents were placed in these categories based on their chemical
properties. The constituents in each group are expected to behave gimilarly
during treatment and are also analyzed, with the exception of the metals and

inorganics, by using the same analytical methods.

(2) Constituent Selection Analysis. The constituents that the

Agency selects for regulation in each treatability group are, in general,
those found in the untreated wastes at treatable concentrations. For certain

waste codes, the target list for the untreated waste may have been shortened



(relative to analyses performed to test treatment technologies) because of the

extreme unlikelihood that the constituent will be present.

In selecting constituents for regulation, the first step is to
summarize all the constituents that were found in the untreated waste at
treatable concentrations. This process involves the use of the statistical
analysis of variance (ANOVA) test, described in Section 1.2.6, to determine if
constituent reductions were significant. The Agency interprets a significant
reduction in concentration as evidence that the technology actually "treats"

the waste.

There are some instances where EPA may regulate constituents that
are not found in the untreated waste but are detected in the treated residual.
This is generally the case where presence of the constituents in the untreated
waste interferes with the quantification of the constituent of concern. In
such instances, the detection levels of the constituent are relatively high,
resulting in a finding of "not detected" when, in fact, the constituent is

present in the waste,

After determining which of the constituents in the untreated waste
Are present at treatable concentrations, EPA develops a list of potential
constituents for regulation. The Agency then reviews this list to determine
if any of these constituents can be excluded from regulation because they

would be controlled by regulation of other constituents in the list.
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EPA performs this indicator analysis for two reasons: (1) it reduces
the analytical cost burdens on the treater and (2) it facilitates implementa-
tion of the compliance and enforcement program. EPA's rationale for selection
of regulated constituents for this waste code is presented in Section 6.0 of

this background document.

(3) Calculation of Standards. The final step in the calculation of

the BDAT treatment standard is the multiplication of the average treatment
value by a factor referred to by ;he Agency as the variability factor. This
calculation takes into account that even well-designed and well-operated
treatment systems will experience some fluctuations in performance. EPA
expects that fluctuations will result from inherent mechanical limitations in
treatment ccntrol systems, collection of treated samples, and analysis of
these samples. All of the above fluctuations can be expected to occur at
well-designed and well-operated treatment facilities. Therefore, setting
treatment standards utilizing a vériability factor should be viewed not as a
relaxing of section 3004(m) requirements, but rather as a function of the
normal variability of the treatment processes. A treatment facility will have
to be designed to meet the mean achievable treatment performance level to
ensure that the performance levels remain within the limits of the treatment

standard.

The Agency calculates a variability factor for each constituent of
concern within a waste treatability group using the statistical calculation

presented in Appendix A. The equation for calculating the variability factor



is the same as that used by EPA for the development of numerous regulations in
the Effluent Guidelines Program under the Clean Water Act. The variability
factor establishes the instantaneous maximum based on the 99th percentile

value,.

There is an additional step in the calculation of the treatment
standards in those instances where the ANOVA analysis shows that more than one
technology achieves a level of performance that represents BDAT. In such
instances, the BDAT treatment standard is calculated by first averaging the
mean performance value for each technology for each constituent of concern and
then multiplying that value by the highest variability factor among the
technologies considered. This procedure ensures that all the BDAT technolo-

gies used as the basis for the standards will achieve full compliance.

1.2.5 Compliance with Performance Standards

All the treatment standards reflect performance achieved by the best
demonstrated available technology (BDAT). As such, compliance with these
standards requires only that the treatment level be achieved prior to land
disposal. It does not require the use of any particular treatment technology.
While dilution of the waste as a means to comply with the standard is prohib-
ited, wastes that are generated in such a way as to naturally meet the stan-
dard can be land disposed without treatment. Hith.the exception of treatment
standards that prohibit land disposal, all treatment standards proposed are

expressed as a concentration level.



EPA has used both total constituent concentration and TCLP analyses
of the treated waste as a measure of technology psrformance. EPA's rationale
for when each of these analytical tests is used is explained in the following

discussion.

For all organic constituents, EPA is basing the treatment standards
on the total constituent concentration found in the treated waste. EPA based
its decision on the fact that technologies exist to destroy the various
organics compounds. Accordingly, the best measure of performance would be the
extent to which the various organic compounds have been destroyed or the total
amount of constituent remaining after treatment. (NOTE: EPA's land disposal
restrictions for solvent waste codes FO01-F005 (51 FR 40572) use the TCLP
value as a measure of performance, At the time that EPA promulgated the
treatment standards for FO01-FQ05, useful data were not available on total
constituent concentrations in treated residuals and, as a result, the TCLP

data were considered to be the best measure of performance.)

For all metal constituents,.EPA is using both total constituent
concentration and/or the TCLP as the basis for treatment standards. The total
constituent concentration is being used when the technology basis includes a
metal recovery operation. The underlying principle of metal recovery is the
reduction of the amount of metal in a waste by separating the metal for
recovery; therefore, total constituent concentration in the treated residual
is an important measure of performance for this technology. Additionally, EPA

also believes that it is important that any remaining metal in a treated



residual wﬁste not be in a state that is easily leachabie; accordingly, EPA is
also using the TCLP as a measure of performance. It is important to note that
for wastes for which treatment standards are based on a metal recovery pro-

cess, the facility has to comply with both the total constituent concentration

and the TCLP prior to land disposal.

In cases where treatment standards for metals are not based on
recovery techniques but rather on stabilization, EPA is using only the TCLP as
a measure of performance. The Agency's rationale is that stabilization is not
meant to reduce the concentration of metal in a waste but only to chemically

minimize the ability of the metal to leach.

1.2.6 Identification of BDAT

(1) Secreening of Treatment Data. This section explains how the

Agency determines which of the treatment technologies represent treatment by
BDAT. The first activity is to screen the treatment performance data from
each of the demonstrated and available technologies according to the following

criteria:

1. Design and operating data associated with the treatment data
must reflect a well-designed, well-operated system for each
treatment data point. (The specific design and operating
parameters for each demonstrated technology for this waste code
are discussed in Section 3.2 of this document.)

2. Sufficient QA/QC data must be available to determine the true
values of the data from the treated waste. This screening
criterion involves adjustment of treated data to take into
account that the type value may be different from the measured
value. This discrepancy generally is caused by other
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constituents in the waste that can mask results or otherwise
interfere with the analysis of the constituent of concern.

3. The measure of performance must be consistent with EPA's
approach to evaluating treatment by type of constituents (e.g.,
total concentration data for organics, and total concentration
and TCLP for metals in the leachate from the residual).

In the absence of data needed to perform the screening analysis, EPA
will make decisions on a case-by-case basis as to whether to include the data.
The factors included in this case-by-case analysis will be the actual treat-
ment levels achieved, the availability of the treatment data and their com-
pleteness (with respect to the above criteria), and EPA's assessment of
whether the untreated waste represents the waste code of concern. EPA's

application of these screening criteria for this waste code is provided in

Section 5.0 of this background document.

(2) Comparison of Treatment Data. In cases in which EPA has

treatment data from more than one technology following the screening activity,
EPA uses the statistical method known as analysis of variance (ANOVA) to
determine if one technology performs significantly better than the others.
This statistical method (summarized in Appendix A) provides a measure of the
differences between two data sets. If EPA finds that one technology performs
significantly better (i.e;, the data sets are not homogeneous), BDAT treatment
standards are the level of performance achieved by the best techndlogy multi-

plied by the corresponding variability factor for each regulated constituent.

If the differences in the data sets are not statistically signifi-

cant, the data sets are said to be homogeneous. Specifically, EPA uses the
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analysis of variance to determine whether BDAT represents a level of perfor-
mance achieved by only one technology or represents a level of performance
achieved by more than one (or all) of the technologies. If the Agency finds
that the levels of performance for one or more technologies are not statisti-
cally different, EPA averages the performance values achieved by each technol-
ogy and then multiplies this value by the largest variability factor associ-
ated with any of the acceptable technologies. A detailed discussion of the
treatment selection method and an example of how EPA chooses BDAT from multi-

ple treatment systems is provided in Section A-1.

(3) Quality assurance/quality control. This section presents the

principal quality assurance/quality control (QA/QC) procedures employed in
screening and adjusting the data to be used in the calculatiun of treatment
standards. Additional QA/QC procedures used in collecting and screening data
for the BDAT program are presented in EPA's Generic Quality Assurance Project
Plan for Land Disposal Restrictions Program ("BDAT") (EPA/530-SW-87-011, March

1987).

To calculate the treatment standards for the Land Disposal Restric-
tion Rules, it is first necessary to determine the recovery value for each
constituent (the amount of constituent recovered after spiking, which is the
addition of a known amount of the constituent, minus the initial concentration
in the samples divided.by the amount added) for a spike of the treated resi-

dual. Once the recovery value is determined, the following procedures are



used to select the appropriate percent recovery value to’adjust the analytical

data:

If duplicate spike recovery values are available for the
constituent of interest, the data are adjusted by the lowest
available percent recovery value (i.e., the value that will
yield the most conservative estimate of treatment achieved).
However, if a spike recovery value of less than 20 percent is
reported for a specific constituent, the data are not used to
set treatment standards because the Agency does not have
sufficient confidence in the reported value to set a national
standard.

If data are not available for a specific constituent but are
available for an isomer, then the spike recovery data are
transferred from the isomer and the data are adjusted using the
percent recovery selected according to the procedure described
in (1) above.

If data are not available for a specific constituent but are
available for a similar class of constituents (e.g., volatile
organics, acid-extractable semivolatiles), then spike recovery
data available for this class of constituents are transferred.
All spike recovery values greater than or equal to 20 percent
for a spiked sample are averaged and the constituent concentra-
tion is adjusted by the average recovery value. If spiked
recovery data are available for more than one sample, the
average is calculated for each sample and the data are adjusted
by the lowest average value.

If matrix spike recovery data are not available for a set of
data to be used to calculate treatment standards, then matrix
spike recovery data are transferred from a waste that the
Agency believes is a similar matrix (e.g., if the data are for
an ash from incineration, then data from other incinerator
ashes could be used). While EPA recognizes that transfer of
matrix spike recovery data from a similar waste is not an exact
analysis, this is considered the best approach for adjusting
the data to account for the fact that most analyses do not
result in extraction of 100 percent of the constituent. In
assessing the recovery data to be transferred, the procedures
outlined in (1), (2), and (3) above are followed.

The analytical procedures employed to generate the data used to

calculate the treatment standards are listed in Appendix B of this document.
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.In cases where alternatives or equivalent procedures and/or equipment are
allowed in EPA's SW-846, Third Edition (November 1986) methods, the specific
procedures and equipment used are also documented in this Appendix. In
addition, any deviations from the SW-846, Third Edition, methods used to
analyze the specific waste matrices are documented. It is important to note
that thé Agency will uée the methods and procedures delineated in Appendix B
to enforce the treatment standards presented in Section 7.0 of this document.
Accordingly, facilities should use these procedures in assessing the perfor-

mance of their treatment systems,

1.2.7 BDAT Treatment Standards for "Derived-From" and "Mixed" Wastes

(1) Wastes from Treatment Trains Generating Multiple Residues. In

a number of instances, the proposed BDAT consists of a series of operations,
each of which generates a waste residue. For example, the proposed BDAT for a
certain waste code is based on solvent extraction, steam stripping, and
activated carbon adsorption. Each of these treatment steps generates a waste
requiring treatment--a solvent-containing stream from solvent extraction, a
stripper overhead, and spent activated carbon. Treatment of these wastes may
generate further residues; for instance, spent activated carbon (if not
regenerated) could be incinerated, generating an ash and possibly a scrubber
water waste. Ultimately, additional wastes are generated that may require
land disposal. With respect to these wastes, the Agency wishes to emphasize

the following points:



1. All of the residues from treating the original listed wastes
are likewise considered to be the listed waste by virtue of the
derived-from rule contained in 40 CFR Part 261.3(e)(2). (This
point is discussed more fully in (2) below.) Consequently, all
of the wastes generated in the course of treatment would be
prohibited from land disposal unless they satisfy the treatment
standard or meet one of the exceptions to the prohibition.

2. The Agency's proposed treatment standards generally contain a
concentration level for wastewaters and a concentration level
for nonwastewaters. The treatment standards apply to all of
the wastes generated in treating the original prohibited waste.
Thus, all solids generated from treating these wastes would
have to meet the treatment standard for nonwastewaters. All
derived-from wastes meeting the Agency definition of wastewater
(less than 1 percent TOC and less than 1 percent total filter-
able solids) would have to meet the treatment standard for
wastewaters. EPA wishes to make clear that this approach is
not meant to allow partial treatment in order to comply with
the applicable standard.

3. The Agency has not performed tests, in all cases, on every
waste that can result from every part of the treatment train.
However, the Agency's treatment standards are based on treat-
ment of the most concentrated form of the waste. Consequently,
the Agency believes that the less concentrated wastes generated
in the course of treatment will also be able to be treated to
meet this value.

(2) Mixtures and Other Derived-From Residues. There is a further

question as to the applicability of the BDAT treatment standards to residues
generated not from treating the waste (asﬂdiscussed above), but from other
types of management. Examples are contaminated soil or leachate that is
derived from managing the waste. In these cases, the mixture is still deemed
to be the listed waste, either because of the derived-from rule (40 CFR Part
261.3(e)(2)(1)) or the mixture rule (40 CFR Part 261.3(a)(2)(iii) and (iv)) or
because the listed waste is contained in the matrix (see, for example, U0 CFR
Part 261.33(d)). The prohibition for the particular listed waste consequently

applies to this type of waste.



The Agency believes that the majority of these'types of residues can
meet the creatmedt standards for the underlying listed wastes (with the
possible exception of contaminated soil and debris for which the Agency is
currently investigating whether it is appropriate to establish a separate
treatability subcategorization). For the most part, these residues will be
less concentrated than the original listed waste. The Agency's treatment
standards also make a generous allowance for process variability by assuming
that all treatability values used to establish the standard are lognormally
distributed. The uasce.also might be amenable to a relatively nonvariable
form of treatment technology such as incineration. Finally, and perhaps mést
'important, the rules contain a treatability variance that allows a petitioner
to demonstrate that its waste cannot be treated to the level specified in the
rule (40 CFR Part 268.44(a)). This provision provides a safety valve that.
allows persons with unusual waste matrices to demonstrate the appropriateness
of a different standard. The Agency, to date, has not received any petitions
under this provision (for example, for residues contaminated with a prohibited
solvent waste), indicating, in the Agency's view, that the existing standards

are generally achievable.

(3) Residues from Managing Listed Wastes or that Contain Listed

Wastes. The Agency has been asked if and when residues from managing hazard-
ous wastes, such as leachate and contaminated ground water, become subject to
the land disposal prohibitions. Although the Agency believes this question to
be settled by existing rules and interpretative statements, to avoid any

possible confusion the Agency will address the question again.
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Residues'from managing First Thira wastes, listed California List
wastes, and spent solvent and dioxin wastes are all considered to be subject
to the prohibitions for the underlying hazardous waste. Residues from manag-
ing California List wastes likewise are subject to the California List prohi-
bitions when the residues themselves exhibit a characteristic of hazardous |
waste. This determination stems direcﬁly from the derived-from ruie in 40 CFR
Part 261.3(c)(2) or, in some cases, from the fact that the waste is mixed with
or otherwise contains the listed waste. The underlying principle stated in

all of these provisions is that listed wastes remain listed until delisted.

The Agency's historic practice in processing delisting petitions
that address mixing residuals has been to consider them to be the listed waste
and to require that delisting petitioners address all constituents for which
the derived-from waste (or other mixed waste) was listed. The language in 40
CFR Part 260.22(b) states that mixtures or derived-from residues can be
delisted provided a delisting petitioner makes a demonstration identical to
that which a delisting petitioner would make for the underlying waste.
Consequently, these residues are treated as the underlying listed waste for
delisting purposes. The statute likewise takes this position, indicating that
soil and debris that are contaminated with listed spent solvents or dioxin
wastes are subject to the prohibition for these wastes even though these
wastes are not the originally generated waste, but rather are a residual from
management (RCRA section 3004(e)(3)). It is EPA's view that all such residues

are covered by the existing prohibitions and treatment standards for the
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listed hazardous waste that these residues contain and from which they are

derived.

1.2.8 Transfer of Treatment Standards

EPA is proposing some treatment standards that are not based on
testing of the treatment technology of the specific waste subject to the
treatment standard. Instead, the Agency has determined that the éonstituents
present in the subject waste can be treated to the same performance levels as
those observed in other wastes for which EPA has previously developed treat-
ment data. EPA believes that transferring treatment performancg for use in
establishing treatment standards for untested wastes is technically valid in
cas:s where the untested wastes are generated from similar industries, have
similar processing steps, or have similar waste characteristics affecting
performance and treatment selection. Transfer of treatment standards to
similar wastes or wastes from similar processing steps requires little formal
analysis. However, in a case where only the industry is similar, EPA more
closely examines the waste characteristics prior to deciding whether the
untested waste constituents can be treated to levels associated with tested

wastes.

EPA undertakes a two-step analysis when determining whether wastes
generated by different processes within a single industry can be treated to
the same level of performance. First, EPA reviews the available waste charac-

teristic data to identify those parameters that are expected to affect
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treatment selection. EPA has identified some of the most important
constituents and other parameters ne=ded to select the treatment technology
appropriate for a given waste. A detailed discussion of each analysis,
including how each parameter was selected for each waste, can be found in

Section 5 of this document.

Second, when an individual analysis suggests that an untested waste
can be treated with the same technology as a waste for which treatment perfor-
mance data are already available, EPA analyzes a more detailed list bf con-
stituents that represent some of the most important waste characteristics that
the Agency believes will affect the performance of the technology. By examin-
ing and comparing these characteristics, the Agency determines whether the
untested wastes will achieve the same level of treatment as the tested waste,
Where the Agency determines that the untested waste is easier to treat than
the tested waste, the treatment standards can be transferred. A detailed
discussion of this transfer process for each waste can be found in later

sections of this document.

1.3 Variance from the BDAT Treatment Standard

The Agency recognizes that there may exist unique wastes that cannot
be treated to the level specified as the treatment standard. In such a case,
a generator or owner/gperator may submit a pétition to the Administrator
requesting a variance from the treatment standard. A particular waste may be

significantly different from the wastes considered in establishing



treatability groups because the waste contains a more complex matrix that
makes it more difficult to treat. For example, complex mixtures may be formed
when a restricted waste is mixed with other waste streams by spills or other
forms of inadvertent mixing. As a result, the treatability of the restricted
waste may be altered such that it cannot meet the applicable treatment

standard.

Variance petitions must demons;rate that the treatment standard
established for a given waste cannot be met. This demonstration can be made
by showing that attempts to treat the waste by available technologies were not
successful or by performing appropriate analyses of the waste, including waste
characteristics affecting performance, which demonstrate that the waste cannot
be treated to the specified levels. Variances will not be granted based
solely on a showing that adequate BDAT treatment capacity is unavailable.
(Such demonstrations can be made according to the provisions in Part 268.5 of
RCRA for case-by-case extensions of the effective date.) The Agency will
consider granting generic petitions provided that representative data are

submitted to support a variance for each facility covered by the petition.

Petitioners should submit at least one copy to:

The Administrator

U.S. Environmental Protection Agency

401 M Street, S.W.

Washington, DC 20460

An additional copy marked "Treatability Variance" should be submit-

ted to:
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Chief, Waste Treatment Branch
Office of Solid Waste (WH-565)

U.S. Environmental Protection Agency
401 M Street, S.W.

Washington, DC 20460

Petitions containing confidential information should be sent with

only the inner envelope marked "Treatability Variance" and "Confidential

Business Information” and with the contents marked in accordance with the

requirements of 40 CFR Part 2 (41 FR 36902, September 1, 1976, amended by 43

FR 4000).

The petition should contain the following information:

The petitioner's name and address.

A statement of the petitioner's interest in the proposed
action.

The name, address, and EPA identification number of the facil-

ity generating the waste, and the name and telephone number of
the plant contact.

The process(es) and feed materials generating the waste and an
assessment of whether such process(es) or feed materials may
produce a waste that is not covered by the demonstration.

A description of the waste sufficient for comparison with the
waste considered by the Agency in developing BDAT, and an
estimate of the average and maximum monthly and annual quanti-
ties of waste covered by the demonstration. (Note: The peti-
tioner should consult the appropriate BDAT background document
for determining the characteristics of the wastes considered in
developing treatment standards.) '

If the waste has been treated, a description of the system used
for treating the waste, including the process design and
operating conditions. The petition should include the reasons
the treatment standards are not achievable and/or why the
petitioner believes the standards are based on inappropriate
technology for treating the waste. (Note: The petitioner
should refer to the BDAT background document as guidance for
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determining the design and operating parameters that the Agency
used in developing treatment standards.)

7. A description of the alternative treatment systems examined by
the petitioner (if any); a description of the treatment system
deemed appropriate by the petitioner for the waste in question;
and, as appropriate, the concentrations in the treatment
residual or extract of the treatment residual (i.e., using the
TCLP, where appropriate, for stabilized metals) that can be
achieved by applying such treatment to the waste.

8. A description of those parameters affecting treatment selection
and waste characteristics that affect performance, including
results of all analyses. (See Section 3.0 for a discussion of
waste characteristics affecting performance that the Agency has
identified for the technology representing BDAT.)

9. The dates of the sampling and testing.

10. A description of the methodologies and equipment used to obtain
representative samples.

11. A description of the sample handling and preparation tech-
niques, including techniques used for extraction, containeriza-
tion, and preservation of the samples.

12. A description of analytical procedures used, including QA/QC
methods.,

After receiving a petition for a variance, the Administrator may

request any additional information or waste samples that may be required to
evaluate and process the petition. Additionally, all petitioners must certify

that the information provided to the Agency is accurate under 40 CFR Part

268.4(b).

In determining whether a variance will be granted, the Agency will
first look at the design and operation of the treatment system being used. If
EPA determines that the technology and operation are consistent with BDAT, the

Agency will evaluate the waste to determine if the waste matrix and/or



physical parameters are such that the BDAT treatment standards reflect
treatment of this waste. Essentially, this latter analysis will concern the
parameters affecting treatment selection and waste characteristics affecting

performance parameters.

In cases where BDAT is based on more than one technology, the
petitioner will need to demonstrate that the treatment standard cannot be met
using any of the technologies, or that none of the technologies are appropri-

ate for treatment of the waste.
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2.0 INDUSTRY AFFECTED AND WASTE CHARACTERIZATION

As described ;n Section 1.0, the Hazardous and Solid Waste Amend-
ments (HSWA) specify dates when particular groups of hazardous wastes are
prohibited from land disposal. The amendments also require the Environmental
Protection Agency to establish treatment standards for each waste that, when
met, allow that waste to be land disposed. Wastes generated by the refining
industry are part of the first third of listed wastes to be evaluated by the
Agency. The purpose of this section is to describe the industry affected by
the land disposal restrictions for petroleum refining wastes and to present

available characterization data for these wastes.

Under 40 CFR 261.32 (hazardous wastes from specific sources), wastes
identified as KO48, KOU49, K050, KOS51, and K052 are specifically generated by

the petroleum refining industry and are listed as follows:

Kous: Dissolved air flotation (DAF) float from the petroleum
refining industry;

KO49: Slop oil emulsion solids from the petroleum refining
industry;

K050: Heat exchanger bundle cleaning sludge from the petroleum
refining industry;

KO51: APl separator sludge from the petroleum refining industry;
and

K052: Tank bottoms (leaded) from the petroleum refining
industry.

The Agency has determined that these wastes (KO48-K052) represent a

separate waste treatability group based on their similar physical and chemical
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characteristics. Additionally, the Agency expects that these wastes will
typically be mixed prior to treatment. As a result, EPA examined the specific
similarities in waste composition, applicable and demonstrated treatment
technologies, and attainable treatment performance in order to support a

single regulatory approach for all five petroleum refinery wastes.

2.1 Industry Affected and Process Description

Under 40 CFR 261.32 (hazardous wastes from specific sources), wastes
identified as Kou8, K049, K050, K051, and K052 are specifically generated by
the petroleum refining industry. The four digit Standard Industrial Classifi-
cation (SIC) code most often reported for the petroleum refining industry is
2911. The Agency estimates that there are approximately 193 facilities that
may produce the listed wastes KOU8, KO49, KOS50, KO51 and KOS2. Information
from trade associations provides a geographic distribution of the number of
petroleum refineries across the United States. Table 2-1 lists the number of
facilities by staﬁe. Table 2-2 summarizes the number of facilities for each
EPA region., Figure 2-1 illustrates the geographic distribution of petroluem

refineries on a map of the United States.

The petroleum refining industry consists of individual facilities
that convert crude oil into numerous products including gasoline, kerosene,
fuel oils, lubricating oils, petrochemical feedstocks, and miscellaneous
byproducts. Petroleum refineries range in complexity and size from small

plants with tens of employees to some of the largest industrial complexes in
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State
(EPA Region)

Alabama (IV)
Alaska (X)
Arizona (IX)
Arkansas (VI)
California (IX)
Colorado (VIII)
Connecticut (I)
Delaware (III)
Washington, DC (III)
Florida (IV)
Georgia (IV)
Hawaii (IX)
Idaho (X)
Illinois (V)
Indiana (V)

Iowa (VII)
Kansas (VII)
Kentucky (IV)
Louisiana (VI)
Maine (1)
Maryland (III)
Massachusetts (1)
Michigan (V)
Minnesota (V)
Mississippi (IV)
Missouri (VII)

Reference:

Cantrell, Ailleen.
Vol. 83, No. 13. March 30, 1987.

Table 2-1

FACILITIES PRODUCING KO48-K052 WASTES BY STATE

Number of
Facilities

OV EOOOCOON=NOE~NONN—20-—20MNVODE—-ON
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State
(EPA Region)

Montana (VIII)
Nebraska (VII)
Nevada (IX)

New Hampshire (I)
New Jersey (II)

New Mexico (VI)

New York (II)

North Carolina (IV)
North Dakota (VIII)
Ohio (V)

Oklahoma (VI)
Oregon (X)
Pennsylvania (III)
Puerto Rico (II)
Rhode Island (I)
South Carolina (1IV)
South Dakota (VIII)
Tennessee (IV)
Texas (VI)

Utah (VIII)

Vermont (I)
Virginia (III)
Virgin Islands (II)
Washington (X)

West Virginia (III)
Wiseonsin (V)
Wyoming (VIII)

Number of
Facilities

w
RN a2 O —=-000 2 V=a2CVINOOWOO 0O WU

"Annual Refining Survey." Oil and Gas Journal.




Table 2-2
FACILITIES PRODUCING KO48-K052 WASTES BY EPA REGION
Totals by Region

EPA Number of
Region Facilities

I 0
II 8
III 12
IV 13
v 23
VI 62
VII 7
VIII 21
IX 33
X 1
TOTAL 193

Reference: Cantrell, Allleen. "Annual Refining Survey." O0il and Gas Journal.
Vol. 83, No. 13. March 30, 1987.
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Figure 2-1

FACILITIES PRODUCING KOYB-K052 WASTES BY STATE AND EPA REGION



the United States. A number of unit operations are used in the refining of
crude oil. The unit operations employed at an individual refinery depend upon
_the type of crude oil processed; the size, location, and age of the facility;

and the market for the petroleum products.

The initial processing unit operation at a refihery and the oﬁly
unit operation that is used at every refinery is distillation of the crude
oil. Distillation separates the raw material (crude oil) into several streams
with different boiling point ranges, including light gaséous streams, gaso-
line, diesel oil, furnace oil, and heavy ends. Generally, the different

streams are further processed to produce finished petroleum products.

The light gaseous streams are usually burned in process heaters or
boilers to provide heat or steam for the refinery. The heavier gaseous
products, propane and butane, are liquefied and sold as products. The gaso-
line stream is further treated at the refinery to improve its octane rating to
allow it to be burned in modern automobile engines. Downstream unit opera-
tions such as isomerization or catalytic reforming are used to increase the
octane rating to the desired specifications. The diesel and furnace oil
streams are processed to remove undesirable sulfur compounds. The heavier or
higher boiling streams can either be processed into lighter products or made
into lubricating or specialty oils. Fluid catalytic cracking units, hydrogen
cracking units, and coking units can be used to convert the heavier distilla-
tion products into gases, gasolines, fuel oils, and petroleum coke. For

production of lubricating oils, the heavy distillation products are dewaxed,
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solvent-refined, or hydrogen-treated. It is possible to make a wide range of
miscellaneous products at a petroleum refinery, inecluding aromatic organic
compounds (benzene, toluene, and xylene), greases, waxes, and asphalt. Many
additional unit operations (separation steps) are required to manufacture this

wide variety of products.

Wastes are generated by the various operations conducted by the

refining industry. The generation of KOW48-K052 is depicted in Figure 2-2.

Wastewaters are generated throughout the refining process and are
commonly treated at wastewater treatment facilities within the refineries,
The listed wastes KOU8, KO49, and KO51 are generated as residuals from waste-
water treatwent operations. A list of unit operations typically found in the
petroleum refining industry and the types of wastewater generated by these
operations is presented in Table 2-3. In distillation operations, steam is
sometimes injected into the columns to facilitate the separation. The con-
densed steam forms a wastewater stream containing oil. Steam is also used to
préduce the vacuum conditions under which some unit operations are conducted.
Again, the steam condenses to form a wastewater in which oil is a conﬁaminant.
Another source of wastewater is the water that is present in the crude oil
when it arrives at the refinery. These sources of wastewater, along with any
cooling water that contains oil, make up most of the flow to a refinery's

wastewater treatment plant.
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Table 2-3

GENERATION OF WASTEWATERS IN THE PETROLEUM REFINING INDUSTRY

Unit operation

Desalting

Fractionation:
vacuum, atmospheric
flash, distillation

Cracking: catalytic,
visbreaking, thermal,
hydrocracking

Reforming

Alkylation

Hydrotreating

Polymerization

Isomerization

Function

Reduce inorganic salts and
and suspended solids in
crude to prevent fouling of
equipment; remove inorganic
impurities that poison
catalysts

Separate constituents of
crude oil

Convert heavy oil fractions
into lighter oil fractions

Convert naphthas to finished
high-octane gasoline

Convert gaseous hydrocarbons
to high-octane fuel

Saturate olefins and remove
contaminants such as sulfur,
nitrogen and oxygen compounds

Convert olefins to high-octane

gasoline

Convert light gasoline
materials into high-octane
isomers for fuel

2-9

Waste generated

Desalting sludge;
desalter brine

Wastewater from over-
head accumulators;
discharge from oil
sampling lines; oil
emulsions from con-
densers; barometric
condenser water

Wastewater from over-
head accumulators and
steam strippers

Wastewater from over-
head accumulators on
stripping towers.

Wastewater from over-
head accumulators in
fractionation section;
alkylation reactor;
caustic wash

Wastewater from over-
head accumulators on

fractionators and steam

strippers; sour water
stripper bottoms

Wastewater from caustic
scrubbers and pretreat-

ment washwater towers

Wastewater from leaks
and spills



Table 2-3 (continued)

GENERATION OF WASTEWATERS IN THE PETROLEUM REFINING INDUSTRY

Unit operation

Solvent refining
and extraction of

oil stocks

Dewaxing

Coking

Aromatic
extraction

Deasphalting

Drying and
sweetening

Grease

manufacture

Lubricating
oil finishing

Hydrogen
manufacture

Funetion

Obtain lube o0il fractions and
aromatics from feedstocks
containing hydrocarbons and
undesirable materials

Remove wax from lube oil
stocks to produce products
with low pour points and to
recover wax for further pro-
cessing

Convert heavy oil fractions
into lighter oil fractions
and into solid petroleum coke

Recovery of benzene, toluene,
and xylene from gasoline
stocks

Separate asphalts or resins
from vacuum distillation
residuals; recover paraffinic
catalytie cracking stock from
distillation residuals

Remove sulfur compounds; im-
prove color, odor; oxidation
stability; inhibitor response;
remove water, carbon dioxide,
and other impurities

Produce wide range of lubri-
cating greases

Produce motor oils and lubri-
cating greases

Produce hydrogen needed for
refining processes

Waste generated

Wastewater from bottom
of fractionation towers

Wastewater from leaks
and spills

Cutting water blowdown;
fractionation section
overhead accumulator
waters

Wastewater from over-
head accumulator on
stripping towers and
condensers

Sour water from over-
head condensers on
steam strippers; spills

Spent caustic; waste-
water from water wash-
ing of treated product,;
regeneration of treat-
ing solution

Wastewater from leaks
and washing of batch
process units

Wastewater from rinses
and clay treatment;
sludge from sampling;
leaks

Wastewater from desul-
furization unit



Table 2-3 (continued)

GENERATION OF WASTEWATERS IN THE PETROLEUM REFINING INDUSTRY

Unit operation

Storage tanks

Sulfur recovery

Blending and
packaging

Cooling water
system

Surface and
storm water
collection

Utilities

Marine terminals

General
wastewaters

Sources:

Function
Storage of crude oil, inter-
mediates, and final products

Removal of sulfur compounds
from hydrocarbon streams and
recovery of sulfur product

Produce and package final

products

Heat exchanger operation

Treatment of storm and
surface drainage

Steam and electricit
generation :

Load and unload marine vessels
with crude oil and refined

products

Maintenance

Waste generated

- Settled water and

sludge from tank
bottoms and cleaning

Spent caustics; spent
amine solution; spent
stretford solution

Wastewater from tank
wash; vessel cleaning
water

Blowdown from cooling
tower systems; once-
through cooling water
Wastewater from storm
and surface drainage

Boiler blowdown

Ballast water

Wash water; pump gland
water; leaks and spills
on every operation

Jacobs Engineering Company, Assessment of Hazardous Waste Management, 1967

(Reference 3).

Jones, H.R. Pollution Control (Reference 11)
Gloyna and Ford, Characteristics and Pollutional Problems (Reference 12).



Some wastewater treatment operations are common to most wastewater
treatment facilities within petroleum refineries. 0Qil and solids are
separated from the wastewater in gravity separators. Operations such as air
flotation can be used to further enhance oil removal from wastewater.
Aeration and biological activity are then used to reduce the organic content

of the waste, and filtration can be used to remove any suspended solids.

Dissolved air flotation (DAF) is used by petroleum refineries for
separating suspended and colloidal materials from process wastewater. The DAF
unit separates oily wastes and suspended solids from water by introducing tiny
air bubbles into the water. The bubbles become attached to the oil droplets
and suspended solids that are dispersed through the wastewater. The resultant
oil/air bubbles rise through the wastewater and collect on the water's sur-
face, where they are removed by surface-skimming devices. 1ne material
skimmed from the surface, referred to as "DAF float", is the listed waste
KOu8. Some settling of solids in the DAF unit may occur, resulting in the

generation of a solids residual during unit cleanout.

Process wastewater from refining operations is, in many cases,
treated in an oil/water/solids separator where the waste separates by gravity
into a multiphase mixture. The skimmings from the primary separator generally
consist of a three-phase mixture of water, oil, and an emulsified (insepara-
ble) layer. These skimmings are collected in a "slop oil system" where the

three phases are separated. The emulsified layer is the listed waste KOu49.

Heat exchangers are utilized throughout petroleum refining pro-
cesses. Bundles (groupings of tubes) from these heat exchangers are periodi-
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‘cally cleaned to remove deposits of scale and sludge. Depending upon the
characteristics of the deposits, the outsides of the tube bundles may be
washed, brushed, or sandblasted, while the tube insides can be wiped, brushed,
or rodded out. The solids or sludge resulting from this cleaning operation

form the listed waste K050.

API separators are used in petroleum refining operations to remove
floating oil and suspended solids from the wastewater. In an API separator,
oily wastewater enters one end of a rectangular channel, flows through the
length of the channel, and discharges at the other end. A sufficient resi-
dence time is provided to allow oil droplets to float and coalesce at the
surface of the wastewater. An oil skimmer is provided near the end of the
separator to collect floating oil. Solids that have settled out of the water
are scraped along the channel bottom to a sludge collecting hopper. 1lhe API

separator sludge is the listed waste K051,

Leaded petroleum products are stored in tanks after being separated
in distillation columns. As cooling occurs, water separates from the hydro-
carbon.bhase and is drained into the refinery wastewater system. Solids form
as corrosion products in the storage tank. These solids are periodically

removed during tank cleaning, generating the listed waste K052.

2.2 Waste Characterization

The approximate concentrations of major constituents comprising

KOUB-K052 are included in the following table. The percent concentrations



‘tions in the wastes were estimated using available chemical analyses. Calcu-

lations supporting these estimates are presented in Appeﬁdix B.

Concentration
Constituent Kou8 Kou9g K050 K051 K052
Water 81 50 uy 70 18
0il and grease 12 39 8 13 13
Dirt, sand, and other solids 6 10 47 16 68
BDAT List constituents a a a fal a
Total 100% 100% 100% 100% 100%

BDAT List constituents (organics and inorganics) cumulatively comprise less
than one percent of each waste stream. Tables 2-4 through 2-8 present, by
waste code, the ranges of BDAT List constituents (volatiles, semivolatiles,
metals, and other inorganics) and other parameters identified as present in
individual KOU48-K052 wastes. Presented in Table 2-9 are characterization data
for various mixtures of KO48, KO4g9, K050, KO51, and K052 wastes and
unspecified refinery wastes. The data presented in these tables were obtained
from a variety of sources including literature, and sampling and analysis
episodes. Each waste contains mono- and polynuclear aromatic compounds such
as toluene, xylene, phenol, naphthalene, phenanthrene, and pyrene. The wastes
also contain metals including arsenic, chromjium, lead, nickel, selenium,
vanadium, and zinc. Additionally, the wastes are characterized by high

concentrations of filterable solids.

2.3 Determination of Waste Treatability Group

Fundamental to waste treatment is the concept that the type of
treatment technology used and the level of treatment achieved depend on the

physical and chemical characteristics of the waste. In cases where EPA
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‘believes that constituents present in wastes represented by different codes
can be treated to similar concentrations by using the same technologies, the

Agency combines the codes into one treatability group.

The five listed wastes from the petroleum refining industry
(KO4B8-K052) are generated by the treatment 6f refinery process wastewaters,
from heat exchangér cleaning, aﬁd from product storage operations.
Specifically, KOU49 (slop oil emulsion solids) is generaﬁed by the treatment of
refinery process wastewaters, as are KOU8 (DAF float) and KO51 (API separator
sludge). K050 (Heat exchanger bundle cleaning sludge) is generated within a
refinery by the cleaning of heat exchangers. Heat exchangers are used
throughout the refining process to provide the heat exchange between refinery
process streams. K052 (leaded tank bottoms) is generated within a refinery by

the storage of leaded petroleum products.

These refinery process wastes contain the same types of
constituents, as shown on Tables 2-4 through 2-9, and are expected to be
treatable to similar levels using the same technology. The wastes in this
treatability group are comprised of water, oil and grease, dirt, sand and
other solids, and organic and metal BDAT List constituents. Typiecally,
organic constituents present in these wastes are mono- and polynuclear
aromatic compouAds such as toluene, xylene, phenol, naphthalene, phenantbrene,
and pyrene. Metal constituents present in these wastes include arsenic,
chromium, lead, nickel, selenium, vanadium, and zinc. Although the
concentrations of specific constituents will vary from facility to facility,

all of the wastes contain similar levels of BDAT List organics and metals and
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have high filterable solids content. Additionally, the Agency expects that
these wastes will typically be mixed and treated together in the same

treatment system.

Based on a careful review of the generation of these wastes and all
available data characterizing these wastes, the Agency has determined that
these wastes (KO48-K052) represent a separate waste treatability group, due to
the fact that all of these wastes are generated by the refining process, and
the belief that constituents present in these wastes can be treated to similar
concentrations using the same technologies. As a result, EPA has developed é

single regulatory approach for these five refinery wastes.
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Table 2-4

AVAILABLE CHARACTERIZATION DATA FOR KO48

Untreated waste concentration, (ppm) . o
Source of Data: _(a) (o) (c) (d) (e) () L)) Range

BDAT L1ST ORGANICS

Volatiles

4., Benzene <14 -—- --- - --- --- 19-16 <14-16
2y. Dichlorodi- <14-310 - -—- -=- -—- --- - <14-3101
fluoromethane
226. Ethy) benzene <14-120 - --- --- --- - 42-46 <14-120
43. Toluene 22-120 - - -=- -—- --- V30- 150 22-150
215-
217. Xytene (total) <14-120 - —_—— - .- - 1%0-170 <14-170
Semivolatites
62. Benzo(a)pyrene <20 0.004-1.75 --- -=- --- --- --- 0.004-1.75
70. Bis(2-ethylhexyl) <20-59 - - --- f--- --- s ~20-%9
phthalate .
80. -Chrysene <20-22 -=- -=- --- -=- --- <0.66-59 <0.66-5Y
98. Di-n-butylphthatlate 67-190 === -——- - -=- === --- 67-190
109. Fluorene 3¥1-32 - == === -—- --- <0.66-58 <0.66-58
121. Napnhthalene 93-110 - - -——- --- --- 290-350 93-450
141. Phenathrene 77-86 -—- -——- -—— - --- 160- 190 77- 140
142. Phenol <20 3.0-210 - - --- --- --- 3.0-210
145. Pyrene 31-35 -=- - -=- --- --- 70-93 31-93

BDAT LIST METALS

154. Antimony <6-7 - - --- --- --- 4.4°5.0 4.4 1
155. Arsenic 4.9-6.1 0.05-10.5 <3.0 -—- --- --- 2.9-3.9 0.05-10.5
156. Barium 59-67 --- 172-349 --- -—- --- 43.0-47.0 43.0-5%9
157. Beryllium <0.1 0.0012-0.25 - --- --- --- 0.79-0.84 0,0012-0.44
158. Cadmium 0.4-0.7 - <0.25 --- --- --- --- <0.25-0.17
159. Chromium (totatl) 810-960 28-260 1,057-3,435 270-560 D0.04-0.11 2.5-10.94 180.0-190.0 0.04-3,43%
160. Cogppear 47-56 0.05-21.3 --- -—- --- --- 27.0-40.0 0.05-56
161. Lead 330-410 2.3-1,250 1.6-450 4.9-33 0.05-13.8 6.5-73 170180 0.05-1,254
162. Mercury 0.11-0.16 0.07-0.89 -2 --- --- --- «<0.05-0.2b6 <0.0%-0.49

(a) U.S. EPA, Amoco Onsite Engineering Report, February 29, 1988 (Reference 6).

(b) Jacobs Engineering Company, Assessment of Hazardous Waste Practices, 1976 (Reference 3).
(c) Delisting petition #386 (Reterence 17).

(d) Delisting petition #469 (Reference 20).

(e) Delisting petition #421 (Reference 19).

{(f) Delisting petition #396 (Reterence 18).

(g) U.S. EPA, Amuco Onsite Engineering Report, July 15, 1988 (Reterence 8).

--- Data aru not available tusr this constituent.
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Source of Data:

BDAT LIST METALS (Cont.)

163. Nichel
164. Selenium
165. Siiver
167. Vanadium
168. Zinc

BDAT LIST INORGANICS

169. Cyanide
170. Fluoride
171, Sulfiae

OTHER PARAMETERS

Fitterable solilds (%)
011 and grease content (%)
water content (%)

(a) U.S. EPA, Amoco Onsite Engineering Report,
{n) Jacobs Engineering Company,

Table 2-4 (Continued)

AVAILABLE CHARACTERIZATION DATA FOR KOu8

Untreated waste concentration, (ppm)
(a) {b) {c) . (a) (e) (f) (g) Range
13-18 0.025-15 --- --- --- -~- 8.9-11.0 0.025-16
7.6-1% 0.1-4.2 4-6 --- -— --- 5.2-5.17 0.1-11
<0.9 0.0013-2.8 <0.3 4-6 -—- -~ --- 0.0013-6
370-460 0.05-0.15 --- <0.3 --- -~ 220.0-230.0 0.05-460
380-450 10-1825 --- --- --- --- 260.0-260.0 10-1,82%
<0.1-1.0 0.01-1.1 --- --- --- --- <0.6-7.9 0.01-7.9
- ——— -— -—-- -— - §.3-22.0 6.3-22.0
130-2800 --- --- -—- --- --- 700-1200 130-2,800
M 0.2-24
120 9.4-12.0
g 67.67-72.67

(c) Delisting petition #386 (Reference
(d) Delisting petition #469 (Reference
(e) Delisting petition #4211 (Reference
(f) Delisting petition #396 (Reference
g) U.S. EPA, Amoco Onsite Engineering
(h) Calculations in Appendix B.

--- Data ere not available for this constituent.

17).
20).
19).
18).
Report, July 15,

February 29, 1988 (Reference 6).
Assessment of Hazardous Waste Practices, 1976 (Reference 3).

1988 (Reference 8).
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Table 2-5
AVAILABLE CHARACTERIZATION DATA FOR KO49

Untreated waste concentration, (ppm)

Source of Data: (a) (b) (c) (d) (e) Range

BDAT LIST ORGANICS
Volatiles

4§, Benzene , -— 95 BDL-1600 -—- - BDL-1,600

8. Carbon disulfide - -—- BDL 0.15-0.96 -—- --- BDL-0.96
226. Ethyl benzene -—- 120 - -—- - 120
43. Toluene - 210 240-18,000 -—- -—- 210-18,000
215-217. JXylene (total) -——- 150 ca- —- - 150
Semivolatiles

57. Anthracene -— <jjo BDL-58 -—- -— BDL-58
62. Benzo(a)pyrene 0.002-0.18 <o - —- -——- 0.002-<40
70. Bis(2-ethylhexyl)phthalate -——- <40 BDL-29 -—- --- BDL-29
80. Chrysene --- 40 BDL-44 - - BDL-4Y
96. 2,4-Dimethylphenol --- <40 BDL-3.3 --- -— BDL-3.3
121. Naphthalene -— <40 160-680 -—- - <40-680
141. Phenanthrene -—— 817 BDL-390 -—- -—- BDL-390
142, Phenol 5.7-127 <40 BDL-8.9 -—- --- BDL-127
145, Pyrene - <40 33-110 --- --- 33-110
BDAT LIST METALS
154, Antimony - 3.2 BDL-19 - - BDL-19
155. Arsenic 7.4 3.9 3-30 .- 2.2-9.6 2.2-30
156. Barium - 15 87-370 --- 28-54.2 28-370 |
157. Beryllium 0.0025 <0.1 BDL-0.29 -—-- 0.35 RDL-0.35
158. Cadmium 0.19 <0.4 0.7-4.4 -—- 28.8 0.19-28.8
159. Chromium (total) 525 134 150-1400 476 28.9-512.5 28.9-1,400

(a) Jacobs Engineering Company, Assessment of Hazardous Waste Practices, 1976 (Reference 3).

(b) U.S. EPA, Conoco Characterization Report, February 22, 1988 (Reference 13).

(c) Delisting petition #503 (Reference 14).

(d) API, Refinery Solid Waste Survey, 1983 (Reference 2).

(e) Delisting petitions #481,#386,#530,4264,4426, and #469 (References 21, 17, 23, 24, 25, and 20).
BDL=The compound was not detected above the detection limit; the detection limit was not reported.
--- Data are not available for this constituent.
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Source of Data:

BDAT LIST METALS (Continued)
221. Chromium (hexavalent)

160. Copper
161. Lead
162. Mercury
163. Nickel
164. Selenium
165. Silver
167. Vanadium
168. Zinc

BDAT LIST INORGANICS
169. Cyanide
170. Fluoride
171. Sulfide

OTHER PARAMETERS

BTU content (Btu/lb)
Filterable solids (%)

0il and grease content (%)
Water content (%)

pH (standard units)

TOX (%) '

Table 2-5 (Continued)

AVAILABLE CHARACTERIZATION DATA FOR KOY9

Untreated waste concentration, (ppm)

(a) (b) (c) (d) (e) Range
—— <0.05 - -——  0.02-<1.9 0.02-¢1.9
48 65.3 . - 79.8 48-79.8
28.1 31.9 28-3900 302  21.95-2146  21.95-3,900
0.59 0.6 BDL-32 -— 0.15 BDL-32
50 9.2 20-86 - 50.62 9.2-86
1.0 <5.0 BDL-4 .6 -— <0.44-4.8 BDL-5.0
0.4 <0.6 - --=  <0.38-<h.0 <0.38-0.4
25 2.5 13-60 - 5.56 2.5-60
250 142 - - 72.8 72.8-250
0.000012-52.5  <0.5 - — - 0.000012-52.5
- 1.31 - -— - 1.31
--- 34,4 - .- --- 34.4
15s0f
108
2
?.uf
Negligiblefl

(a) Jacobs Engineering Company, Assessment of Hazardous Waste Practices, 1976 (Reference 3).
(b) U.S. EPA, Conoco Characterization Report, February 22, 1988 (Reference 13).
(c) Delisting petition #503 (Reference 14). ‘

(d) API, Refinery Solid Waste Survey, 1983 (Reference 2).

(e) Delisting petitions #481,#386,#530,#264,#426, and #469 (References 21, 17, 23, 24, 25, and 20).
(f) Environ Corporation, Characterization of Listed Waste Streams (Reference 15).

(g) Calculations in Appendix B.

BDL:=The compound was not detected above the detection limit; the detection limit was not reported.

--- Data are not available for this constituent.
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Table 2-6
AVAILABLE CHARACTERIZATION DATA FOR K050

Untreated waste concentration, (ppm)
Source of Data: (a) (b) (c) (d) Range

BDAT LIST ORGANICS

Semivolatiles
62. Benzo(a)pyrene - 0.7-3.6 -— — 0.7-3.6
142, Phenol - 8-18.5 -——- -— 8-18.5

BDAT LIST METALS

155. Arsenic -——— 10.2-11 -— — 10.2-11
157. Beryllium - 0.05-0.34 -— -— 0.05-0.34
158. Cadmium -—- 1-1.5 -— -—- 1.0-1.5
159. Chromium (total) 11-1,600 316-311 206-492 42-226 11-1,600
221, Chromium {(hexavalent) -— -— 0.01-0.016 <1.0 0.01-¢<1.0
160. Copper --- 67-75 --- -—-- 67-75
161. Lead 25-1,100 0.5-155 13.7-166 -—- 0.5-1,100
162. Mercury -—- 0.14-3.6 --- --- 0.14-3.6
163. Nickel -—- 61-170 -——- -— 61-170
164. Selenium ——— 2.4-52 -— -—- 2.4-52
165. Silver - 0.0007-0.01 - - 0.0007-0.01
167. Vanadium -——- 0.7-50 - -—- 0.7-50
168. 2inc - 91-297 -—— - 91-297

BDAT LIST INORGANICS

169. Cyanide - 0.0004-3.3 -— -—- 0.0004-3.3

(a) API, Refinery Solid Waste Survey, 1983 (Reference 2).

(b) Jacobs Engineering Company, Assessment of Hazardous Wastes Practices, 1976 (Reference 3).
(c) Delisting petition #481 (Reference 21).

(d) Delisting petition #386 (Reference 17).

--- Data are not available for this constituent.
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OTHER PARAMETERS

BTU content (Btu/lb)
Filterable solids (%)

011 and grease content (%)
Water content (%)

pH (standard units)

TOX (%)

Table 2-6 (Continued)

AVAILABLE CHARACTERIZATION DATA FOR K050

Negligible?

(a) Environ Corporation, Characterization of Listed Waste Streams (Reference 15).

(b) Calculations in Appendix B.
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Table 2-7

AVAILABLE CHARACTERIZATION DATA FOR K051

Untreated waste concentration, (ppm)
(d)

Source of Dats: {a) {b) c {(a) (f)
BDAT LIST ORGANICS
Volatiles
4. @8enzene --- -—- -—— --— -— -
226. €Ethyl benzene 46-52 -——- - -—— —-—- -—
43, Toluene 33-M -—— -—- -—— -—— -
215-
217. Xylene (total) 71-83 -——— -——- -—— ——— -
Semivolatiles
52. Acenaphthene KKk} -——— -—-- -—- - -
57. Anthracene -—— -—— -—— -—— -—— -——
59. Benz(s)anthracene 22-29 - -——- --- - -
62. B8enzo(a)pyrene -——- 0.002-4.5 -—— --- -——— -—
70. Bis(2-ethylhexy!)phthalate 26-30 -—-- -— - -— -—--
80. Chrysene 45-51 --- -— -—- - -
98. Di-n-butylphthalate 43-230 -—- -—— -——- - -——-
109. Fluorene 33-37 -——- - ~-— -—- -—-
121. Naphthalene 150-170 -——- -—~- -——— -—- —_——
141. Phenanthrene 110-120 -——- -— -——- -——- -—-
142. Phenol <20 3.8-156.7 -—- -—- --- -
145. Pyrene 62-74 -—- - -——- --- ---
BDAT LIST METALS
154. Antimony 9-18 -—- --- -—- --- ---
155. Arsenic 5.4-9.7 0.1-32 - -—- <3.0 ---
156. Barium 72-120 - - -——- 188-412 -
157. Beryllium <0.1 0.0012-0.24 - -—— --- -——-
1586. Caamium 1.3-1.7 0.024-3.0 --- --—- <0.25 -
158. Chromium (total) 730-1100 0.1-6790 800-3220 150-875 535-3679 160-740
221. Cnromium (hexavalent) 22e¢ --- <1.0 0.010-0.036 --- ---
160. Copper 130-170 2.5-550 - -——- - -—-
16t. Lead 640-840 0.25-1290 2120-2480 9.5-23.3 53-173 7.7-440
162. Mercury 0.07-0.3 0.04-6.2 -——- --- 3.0 ---
(a) U.S. EPA, Amoco Onsite Engineering Report, February 29, 1988 (Reference 6).
(n) Jacobs Engineering Company, Assessment of Hazardous Waste Practices, 1976 (Reference 3).
(c) Delisting petition #481 (Reference 21).
(a) Delisting petition #386 (Reference 17).
(e) Delisting petition #205 (Reference 16).
(f) Delisting petition #469 (Reference 20).
--- Data are not avaliabie for this constituent.
@ Colorimetric interference may have occurred in analysis of this sample.
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Source of Data:

BDAT LIST ORGANICS

Volatiles
4. Benzene

226. Ethyl benzene

43. Toluene

216~

217. Xylene (total)
Semivolatiles

52. Acenaphthene

57. Anthracene

59. Benz(a)anthracene

62. Benzo(a)pyrene

70. Bis(2-ethylhexyl)phthalate

80. Chrysene

98. Di-n-butylphthalate
109. Fluorene

121, Naphthalene
"141. Phenanthrene

142. Phenol

145. Pyrene

BDAT LIST METALS

154.
156.
156.
157.
158.
159.
22y,
160.
161.
162.

(g) CF Systems Corporation,
(h) The American Petroleum Institute,

Ant imony

Arsenic

Barium

Beryllium

Cadmium

Chromium (total)
Chromium (hexavalent)
Copper

Lead

Mercury

Table 2-7 (Continued)

AVAILABLE CHARACTERIZATION DATA FOR K051

Company Literature, March 30,
comments on land disposal

--- Data are not available for this constituent.

Untreated waste concentration, (ppm)

(g) (h) Range
--- 74 74

56 120 46-120
170 450 33-450
390 720 71-720
<10 —— <10-33
_—— 13 13
<10 13 <10~-29
<10 7 0.002-<10
<10 -—- <10-30
14 23 14-51
<10 --- <10-230
11 -——- 11-37
97 200 97-200
70 110 70-120

-—- <2 <2-156.7
24 27 24-74
-—- -—= 9-18
- 5.6 0.1-32
-—- 68 68-412
- - 0.0012-0.24
--- <0.5 0.024-3.0
—— 80 0.1-6,790
--- --- 0.01-22
- -—- 2.5-550
--- 64 0.25-2,480
--= 4.4 0.04-6.2

1987 (Reference 30).
rastrictions.

1988 (Reference 26).
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Source of Deta:

BDAT LIST METALS (Cont.)

163. Nickel
164, Selentum
165. Stilver
167. Venedium
168. 2inc

BDAT LIST INORGANICS

169. Cyenide
171, Sulfide

OTHER PARAMETERS

Filterable solids (%)
0il and grease content (%)
water content (%)

Table

2-7 (Continued)

AVAILABLE CHARACTERIZATION DATA FOR K051

Untreeted waste concentration, (ppm)
(a) (o) c (a) (a) )
30-37 0.25-150.4 -——- - ~-- --
0.5-1.6 0.005-7.6 --- -—- 2-12 --
1.4 0.05-3 .-~ --- <0.3 --
260-350 1-48.5 - -—- - --
§70-820 25-6596 --- --- ~-- --
0.6-1.4 0.00006-51.4 -— - ~-- --
2,900-4.800 --- -—-- - ~--- --
16!
13!
70!

(a) U.S. EPA, Amoco Onsite Engineering Report,

(b) Jacobs Engineering Company, Assessment of Hazardous Waste Practices,

{(c) Delisting petition #2481 (Referencs 21).

(a)
(e)
(f)
(1)

Delisting petition #386 (Reference
Delisting petition #205 (Reference
Delisting petition #469 (Refarence
Calculations {in Appendix 8.

Data are not avaiiable for this constituent.

17).
16).
20).

February 29, 1988 (Reference 6).
1976 (Referance 3).
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Table 2-7 (Continued)

AVAILABLE CHARACTERIZATION DATA FOR K051

Untreated waste concentration, (ppm)

Source of Data; (@) (h) Range
BOAT LIST METALS (Cont.)
163. Nickel -== --- 0.25-150.4
164. Selentium <0.2 1.6 0.005-12
165. Stilver - <0.3 0.05-3
167. Vanadium . —-—— - 1-350
168 . 2inc ——— - 25-6,596

BDAT LIST INORGANICS

169. Cyanide <0.$ --- 0.00006-51.4
171. Sulfide 120 --- 120-4,800

OTHER PARAMETERS

Filterable solids (%) 3
0f{! and grease content (%) 4.
water content (%) 91

(g) CF Systems Corporation, company litarature, March 30, 1987 (Reference 30).
(h) The Americen Petroleum Institute, comments on land disposal restrictiony, 1988 (Reference 26).
~--- Data are not available for this constituent.
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Source of Data:

BDAT LIST ORGANICS

Volatiles
4§, Benzene

226. Ethy! benzene
13. Toluene

215-

217. JXylene (total)

Semivolatiles

62. Benz(o)pyrene

81. ortho-Cresol

82. para-Cresol

96. 2,4-Dimethylphenol
121. Naphthalene

141. Phenanthrene

142. Phenol

BDAT LIST METALS

154. Antimony

155. Arsenic

156. Barium

157. Beryllium

158. Cadmium

159. Chromium (total)
160. Copper

161. Lead

(a) U.S. EPA, Conoco Characterization Report, February 22, 1988 (Reference 13).

Table 2-8

AVAILABLE CHARACTERIZATION DATA FOR K052

Untreated waste concentration, (ppm)

(a) (b)

(c)

(d)

Range

650 ---
2,300 .-
6,400 ---

3,500 ---

<1.8 -—-
13 ---
13 ---
4.2 ---
13 ---
1.4 -—-
<1.8 -

m -
242 -——

8 ——
<0.1 -
0.82 -
48.8 1.0-504

146 -
99.4 * 11.0-5, 800

(b) API, Refinery Solid Waste Survey, 1983 (Reference 2).

(c) Jacobs Engineering Company, Assessment of Hazardous Waste Practices, 1976 (Reference 3).

(d) Delisting petition #386 (Reference 17).
--- Data are not available for this constituent.

63-525
0.0025
4.5-8.1
9.0-13.7
110-172

158-1,421

42-2,060

650
2,300
6,400

3.500

0.02-¢1.8
13
13
y.2
13
1.4
<1.8-250

m
63-525
8
0.0025-<0. 1
0.82-8.1
1.0-504
110-172
11-5,800



82-¢

Table 2-8 (Continued)

AVAILABLE CHARACTERIZATION DATA FOR K052

Untreated waste concentration, (ppm)
Source of Data: (a) (b) (c) (d) Range

BDAT LIST METALS (Cont.)

162. Mercury 2.4 -—- 0.19-0.94 - 0.19-2.4
163. Nickel 97.2 --- 235-392 -— 97.2-392
164. Selenium <100 --- 3.1-10.8 - 3.1-<100
165. Silver <6.0 ——- 0.05-1.7 -—-- 0.05-¢6.0
167. Vanadium <6.0 - 1.0-9.8 -— 1.0-9.8
168. Zinc 17.1 - 1,183-17,000 - 17.1-17,000

BDAT LIST INORGANICS

169. Cyanide 1.89 --- - .- 1.89
170. Fluoride 955 -— -—- -——- 955
171. Sulfide N - - -——- IR R

OTHER_PARAMETERS

Filterable solids (%) 68€
0il and grease content (%) 13€
Wwater content (%) 18€

(a) U.S. EPA, Conoco Characterization Report, February 22, 1988 (Reference 13).

(b) API, Refinery Solid Waste Survey, 1983 (Reference 2).

(c) Jacobs Engineering Company, Assessment of Hazardous Waste Practices, 1976 (Reference 3).
(d) Delisting petition #386 (Reference 17).

(e) Calculations in Appendix B.

--- Data are not available for this constituent.
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Table 2-9

AVAILABLE CHARACTERIZATION DATA. FOR

Source of Data:

BDAT LIST ORGANICS

Volatiles

4. Benzene
226. Ethylbenzene
43. Toluene
215-217. Xylene (total)

Semivolatiles

57. Anthracene

$9. Benz(a)anthracene

62. Benzo{a)pyrene

63. Benzo(b)fluoranthene
70. Bis(2-ethylhexyl)phthalate
80. Chrysene

81. o-Cresol

82. p-Cresol

83. Dibenz(a,h)anthracene
87. 1,2-Dichlorobenzene
96. 2.,4-Dimethylphenol
108. Fluoranthene

109. Fluorene

121. Naphthalene

141, Phenanthrene

142. Phenol

145. Pyrene

--- Data are not avallable for this constituent.

(a) K0O4B-K052 mixture of refinery wastes: B8P America,
(b) Mixture of K049 and K0O51: Resources Conservation Company,

(c) Unspecifiad mixture of refinery wastes:

(d) Mixture of K048, K049, and KO51: Plant D, API, comments on

(e) Mixture of K0OS' and K0S52: Plant E, API,
(f) Mixture of K049 and KO051: Plant F, API,
(g) Unspecified mixture of refinery wastes:
(h) Mixture of KOS! and K052: Plant H, API,

Inc.

KOUB-K052 WASTE MIXTURES

Untreated Waste Concentration (ppm)

(a) (b) (c) (d) (e) (f) (g) (n)
86-190 -—- 2,100 $30 9.8 600 80 60
76-120 -—- 1,300 1,100 17 -— 86 110
230-470 ——- 6,300 1,500 68 6,600 340 360
420-570 - 5,900 4,000 106 8,880 430 690

-— -—- 22 29 0.069 <46 3.3 9.4
<20-21 -—- 17 18 0.14 -—- 3.4 20
<19-<21 -—- 9.4 1 0.071 --- 1.8 9.9

-—- -—- 6.3 8 0.041 --- 1.2 6.2
<19-<21 <3-49 4.2 <2 <0.009 - 1.1 <1
<20-33 4.7-<7 19 30 0.24 - 9.4 26

—-——- —-—- <2 <2 0.33 <19 0.4 <

-— -—-- <2 <2 0.42 -—- 1.3 <1

—-- -—- 3.9 <2 <0.009 -—- 1.1 <y
<19-<21 <3-3.3 -— -— -—- -—- -—- -

- <3-<7 <10 <2 <0.009 -——- 0.7 <1
<19-<21 <3-3.7 9.2 10 0.055 --- <1 5.9

-——- 3.4-«7 —-——- - -——- -—- .- -——
56-140 22-30 180 490 N 560 82 90
64-140 13-17 240 210 0.53 740 109 47

-—- <3-<7 <2 <2 1.7 <1,900 0.9 <1
<20-36 <3-3.6 59 95 0.25 —-= 26 22

Plant C, APIl, comments on

commants
comments
Plant H,
comments

on
on

land disposal
land disposal

API, comments on

on

land disposatl

comments on

land disposal restrictions,
comments on land disposal restrictions,

land disposal restriction,

restrictions, 1987 (Reference 26).
restrictions, 1987 (Reference 26).

tand disposal restrictions,

1987 (Reference 26).

restrictions, 1987 (Reference 26).

1988 (Reference 36).
1988 (Reference 37).
1987 (Reference 26).

land disposal restrictions, 1987 (Reference 26).



BDAT LIST ORGANICS
PCBs
203. Aroclor 1242

206. Aroclor 1260
BDAT LIST METALS

155. Arsenic

156. Barium

158. Caamium

159. Chromium (total)

161. Lead

162. Mercury

163. Nichkel

167. Vanadium

168. Zinc

GENERAL CONSTITUENTS

[ R Q]
wWater
Solids

Source of Data:

--- Data are not available for this constituent.

(a) KO4A8-K052 minture of refinery wastes:
(b) Minture of KO49 and KOS1\:
{c) Unspecified mixture of refinery wastes:

(d) Mixture of K048, K049,

(e) Minture of KOSV and K052:
(F) Mixture of K049 and KO5!:
(g) unspecified minture of refinery wastes:
(h) Mixtura of KOS5V end K052:

BP America

Resources Congservation Company,

Plant C,

Plant E, APl, comments
Plant F, API, comments

Plant H,

Plant H, API, comments

Table 2-9 (Continued)

AVAILABLE CHARACTERIZATION DATA FOR KO4B-K052 WASTE MIXTURES

Untreated Waste Coaoncentration (ppm)

(a) {b) (c) (a) (e) (f) (9) (n)
--- 1.3 --- --- --- --- --- ---
--- 0.55 --- --- --- --- --- ---
--- --- <0.2 1.2 0.8 --- 2.0 7.0
--- 0.13-0.62 120 21 54 --- 118 142
--- —-- <0.5 <0.5 <0.5 - <2 ]
--- 0.07-0.09 150 150 328 220 340 83s
--- 4.2-5.1 30 8.2 a8 27 40 126
--- <0.001 0.09 <0.05 0.13 --- 0.2 2.9
- - 7 - - - - - - -
--- --- 2.7 --- --- --- --- ---
- 11-16 --- --- --- --- --- ---
1.1-37.7 - -~- --- --- --- --- ---
54.5-90.5 - --- --- --- --- --- ---
1.1-8.4 - -~ --- --- --- ~-- ---

Inc. comments aon land disposal

restrictions, 1988 (Reference 36).
comments on land disposal restrictions, 1988 (Reference 37).

APl, comments on land disposal restriction, 1987 (Reference 26).

Plant D, API, comments on land disposal restrictions,
on land disposal restrictions,
on land disposal restrictions,

1987 (Reference 26).

1987 (Reference 26).
1987 (Reference 26).

APl, comments on land dispaosal restrictions, 1987 (Reference 26).
on lana aisposal restrictions, 1987 (Reference 2&6).



3.0 APPLICABLE/DEMONSTRATED TREATMENT TECHNOLOGIES

In the previous section of this document, petroleum refining wastes
(KO48-K052) were characterized and a separate waste treatability group was
established for these wastes. In this section, treatment technologies appli-
cable for treatment of wastes in this waste group are identified. Detailed
descriptions of the technologies that are demonstrated on these wastes or on

wastes judged to be similar are also presented in this section.

3.1 Applicable Treatment Technologies

The Agency has identified the following treatment technologies as
being applicabie for nonwastewater forms of KOU8-K052 and nonwastewater
residuals generated from treatment of KO48-K052: incineration (fluidized bed
and rotary kiln), solvent extraction, pressure filtration, thermal drying, and
stabilization. Incineration is a treatment process in which organic consti-
tuents in the waste are volatilized and combusted. These constituents then
react with ofygen to form carbon dioxide and water vapor. Solvent extraction
is a separation technique whereby the waste is mixed with an immiscible
solvent in which the waste constituents of concern are preferentially soluble.
Another separation téchnique, pressure filtration, mechanically separates the
liquid and solid phases of the waste. Thermal drying removes water and
volatile organics from a waste by heating the mixture and causing
volatilization. These applicable technologies destroy or reduce the total

amount of various organic compounds in the waste. Since KO48-K052 wastes also
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contain inorganic hazardous constituents, stabilization is also considered as
an applicable technology. Stabilization reduces the leachability of BDAT List
metals in the waste by chemically and/or physically binding the metals in a

solid matrix.

The Agency has identified the following treatment technologies as
being applicable for wastewater forms of KOU8-K052 and wastewater generated
from the treatment of KO48-K052: biological treatment, carbon adsorption, and
chromium reduction followed by chemical precipitation and sedimentation or
filtration. Biological treatment involves the use of microorganisms to
biologically degrade organic contaminants in wastewater to methane, carbon
dioxide, and cell protein. In carbon adsorption treatment processes, hazard-
ous constituents are selectively adsorbed to the su}face and within the
internal pores of the carbon granules. These applicable technologies destroy
or reduce the total amount of various 6rgan1c compounds in the wastewater.
SinceAthese wastewaters may also contain inorganic hazardous constituents,
chromium reduction followed by chemical precipitation and sedimentation or
filtration is also considered an applicable technology for reducing the
concentration of BDAT List metals in the wastewater. Chromium reduction
reduces the concentration of hexavalent chromium in wastewaters by converting
the chromium (VI) to the trivalent state (chromium (III)). Chemical precipi-
tation is used to convert the dissolved metal into a less soluble metal
precipitate that settles out of solution. This step is foilowed by sedimenta-

tion or filtration to separate the precipitate from the wastewater.



The selection of treatment technologies applicable for treating BDAT
List constituents is based on current literature sources, field testing, and

data submitted by equipment manufacturers and industrial concerns.

3.2 Demonstrated Treatment Technologies

As discussed in Section 1.0, a "demonstrated" treatment technology
is one for which a full-scale treatment operation is known to exist and is
used to treat the waste of interest or a waste with similar treatability
characteristics. Treatment technologies that are only available at pilot- and
bench- scale operations will not be considered in identifying demonstrated
treatment technologies for a waste. Data from such operations may, however,
be used by the Agency in evaluating the performance of demonstrated full-scale
treatment operations provided the Agency does not have full-scale data which

can be used to evaluate performance.

The demonstrated technologies that the Agency has identified for
treatment of organics and inorganics in nonwastewater forms of KO48-K052 are
incineration (fluidized bed and rotary kiln), solvent extraction, and pressure
filtration. Since the Agency is not aware of any full-scale thermal drying
operations for KO48-K052, this technology has not been identified as demon-
strated. The Agency has identified stabilization as a demonstrated technology
for the immobilization of metals in nonwastewater residuals generated from

treatment of KOu48-K0S52.
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The demonstrated technologies that the Agency'had identified for
treatment of organics and inorganiecs in wastewater forms of KOHS-KOSé are
biological treatment, carbon adsorption, solvent extraction, incineration, and
chromium reduction followed by lime and sulfide precipitation followed by
vacuum filtration. The Agency's data characterizing KOU48-K052 wastewater is
based on scrubber water generated from the incineration of KO48-K052
nonwastewaters. Since none of the BDAT List organic constituents were
detected in the scrubber water, the Agency believes that incineration of
untreated KOU48-K052 results in a wastewater residual which requires no further
Creafment for organics (i.e., no additional wastewater treatment is expected
to improve upon the non-detect values observed in the wastewater residual).
The Agency recognizes that wastewater forms of KO48-K052 that contain BDAT
List organic constituents may be generated from the treatment of KOu48-K052
nonwastewaters using technologies other than incineration. The Agency has no
data to characterize these waste streams; however, biological treatment and
carbon adsorption are demonstrated for the treatment of organics bearing
wastewaters at refineries. For metals in wastewater resiQuals, EPA has
identified the following demonstrated treatment train: chromium reduction
followed by lime and sulfide precipitation, followed by vacuum filtration.

This treatment train is commonly used for metal containing wastewaters.

A discussion of the Agency's treatment performance data base for
each of these demonstrated treatment technologies is included in the following
subsections. Detailed technical descriptions of the technologies are included

in Section 3.4, and treatment performance data for the technologies are
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included in Section 4.0 or Appehdix F as referenced in the text. A key

summarizing the plant codes is included in Appendix C.

Incineration. Incineration provides for destruction of the organies

in the waste. This technology generally results in the formation of two
treatment residuals: ash and scrubber water. The Agency is aware of at least
three full-scale facilities that treat refinery wastes from the KOU8-K052
treatability group by incineration. The Agency tested a full-scale fluidized
bed incineration process at plant A for treatment of KOU8 and KO51; these
results are presented in Tables U4-2 through 4-13 of Section 4.0. Addition-
ally, treatment data for a pilot-scale pyrolysis process identified as plant N
were submitted by industry. These data are presented in Section F.8 of

Appendix F.

Solvent Extraction. Solvent extraction provides for the separation

of organics from the waste. This technology results in the formation of two
treatment residuals: the treated waste residual and the extract. The Agency
is aware of three full-scale facilities that treat KO48-K052 by solvent
extraction. The Agency is also aware of pilot-scale solvent -extraction
studies on KOU48-K052 at two facilities. Full-scale treatment performance data
from three facilities were submitted by industry to support solvent extraction
as a demonstrated technology for treatment of refinery wastes. These data are
identified as plant G treatment performance tests plant L treatment
performance tests, and two processes (single-cycle and 3-cycle) followed by

stabilization as plant M treatment performance tests. Data for plant G and
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plant M are presented in Tables U4-16, U-18, and 4-19 of Section 4.0. Data for
plant L are presented in Section F.7 of Appendix F. Pilot-scale treatment
performance data from two facilities were submitted by industry for use in
evaluating solvent extraction as a demonstrated technology for treatment of
refinery wastes. These data are identified as plant F and plant K and are

presented in Sections F.3 and F.6 of Appendix F.

Pregsure Filtration. Pressure filtration provides for the separa-

tion of liquid and solid phases of a waste. This technology results in the
formation of two treatment residuals: the filter cake and the filtrate. The
Agency is aware of one full-scale facility that treats KOU8-K052 by pressure
filtration. Full-scale treatment performance data were submitted by this
facility to support pressure filtration as a demonstrated technology for
treatment of refinery wastes. These data are identified as plant B, plant C,
plant D, and plant E treatment performance tests and are presented in Tables

U-1Y4 and 4-15 of Section 4.0 and Sections F.1 and F.2 of Appendix F.

Stabilization. Stabilization reduces the leachability of metals in

the waste. This technology results in the formation of a single chemically or
physically stabilized treatment residual. The Agency tested incinerator ash
from treatment of KOU48 and K051 at plant A using a pilot-scale stabilization
process identified as plant I. In addition, treatment performance data from
three pilot-scale stabilization processes identified as plant J were submitted

by industry for use in evaluating stabilization as a demonstrated technology
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for treatment of KO48-K052. These results are presented in Table 4-17 of

Section 4.0 and Section F.5 of Appendix F.

Chromium reduction followed by lime and sulfide precipitation and

vacuum filtration. Chromium reduction reduces the concentration of hexavalent

chromium in the wastes by converting hexavalent chromium to the trivalent
state. Lime and sulfide precipitation and vacuum filtration remove dissolved
metals from the wastewater by forming an insoluble metal precipitate sludge.
Vacuum filtration separates the precipitaﬁed sludge from the wastewater. The
Agency does not have data on the treatment of hexavalent chromium or other
metals in KO48-K052 wastewaters. However, the Agency determined that
full-scale treatment performance data for chromium reduction followed by lime
and sulfide precipitation and vacuum filtration presented in the Envirite
Onsite Engineering Report (Reference 27) for treatment of K062 and metal
bearing characteristic wastes represent treatment of hexavalent chromium and
other BDAT List metals in wastewaters judged to be similar to wastewater forms

of KOu48-K052.

3.3 Available Treatment Technologies

As defined in Section 1.0, an available treatment technology is one
that (1) is not a proprietary or patented process that cannot be purchased or
licensed from the proprietor (in other words, is commercially available), and
(2) substantially diminishes the toxicity of the waste or substantially

reduces the likelihood of migration of hazardous constituents from the waste.
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The demonstrated technologies for treatment of nonwastewéter forms of KO48-
K052, incineration technologies including fluidized bed and rotary kiln,
solvent extraction, pressure filtration, and stabilization, are considered to
be commercially available technologies. The demonstrated technologies for
treatment of wastewater forms of KO48-K052, biological treatment, carbon
adsorption, incineration, and chromium reduction followed by lime and sulfide
precipitation and vacuum filtration, are also considered to be commercially
available. The Agency has determined that the technologies used in evaluating
BDAT show substantial treatment and are therefore considered to be "available"

treatment technologies.

3.4 Detailed Description of Treatment Technologies

The demonstrated treatment technologies discussed in Section 3.2 are

described in more detail in Sections 3.4.1-3.4.6, as shown below.

Technology Description Subsection
Incineration 3.4.1
Solvent Extraction 3.4.2
Sludge Filtration 3.4.3
Stabilization 3.4.4
Chromium Reduction 3.4.5
Chemical Precipitation 3.4.6
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3.4.1 Incineration

This section addresses the commonly used incineration technologies:
Liquid injection, rotary kiln, fluidized bed incineration, and fixed hearth.
A discussion is provided regarding the applicability Ar these technologies,
the underlying principles of operation, a fechnology description, waste
characteristics that affect performance, and finally important deéign and
operating parameters. As appropriate, the subsections are divided by type of

incineration unit.

Applicability and Use of Incineration

Liquid Injection

Liquid injection is applicable to wastes that have viscosity values
sufficiently low so that the waste can be atomized and injected into the
combustion chamber. Viscosity values for wastes amenable to liquid injection
incineration range from 100 SSU to 10,000 SSU as reported in the literature,
It is important to note that viscosity is temperature dependent so that while
liquid injection may not be applicable to a waste at ambient conditions, it
may be applicable when the waste is heated. Other factors that affect the use
of 'liquid injection are par;icle size and the presence of suspended solids.

Both of these waste parameters can cause plugging of the atomizing nozzle.



Rotary Kiln/Fluidized Bed/Fixed Hearth

These incineration technologies are applicable to a wide range of
hazardous wastes. They can be used on wastes that contain high or low total
organic content, high or low filterable solids, various viscosity ranges, and
a range of other waste parameters. EPA has not found these technologiesAto be
applicable for wastes containing high metal concentrations with low organic
concentrations. In addition, the Agency expects that air emissions resulting
from incineration of wastes containing high metal concentrations may not

comply with existing and future air emission limits.

Uhderlying,?rinciples of Operation

Liquid Injection

The basic operating principle of this incineration technology is
that incoming liquid wastes are volatilized and then additional heat is
supplied to the waste to destabilize the chemical bonds. Once the chemical
bonds are destabilized, these constituents react with oxygen to form carbon
dioxide and water vapor. The energy needed to destabilize the bonds is

referred to as the energy of activation.



Rotary Kiln and Fixed Hearth

There are two distinct principles of operation for these incinera-
tion technologies, one for each of the chambers involved. In the primary
chamber, energy, in the form of heat, is transferred to the waste to achieve
volatilization of the various organic waste constituents. During this vola-
tilization process some of the organic constituents may oxidize to COy and
water vapor. In the secondary chamber, additional heat is supplied to over-
come the energy requirements needed to destabilize the chemical bonds and
allow the constituents to react with excess oxygen to form carbon dioxide and
water vapor. The principle of operation for the secondary chamber is similar

to liquid injection.
Fluidized Bed

The principle of operation for this incineration technology is
somewhat different than for rotary kiln and fixed hearth incineration, in that
there is only one treatment chamber. The chamber contains the fluidized bed
(typically sand) and a freeboard section above the sand. The purpose of the’
fluidized bed is to both volatilize the waste and combust the waste. Destruc-
tion of the waste organics can be accomplished to a better degree in this
chamber than in the primary chamber of the rotary kiln and fixed hearth
because of 1) improvéd heat transfer due to fluidization of the waste using

forced air and 2) the fact that the fluidization process provides improved

3-11



turbulence (i.e., mixing) between the w&ste and oxygen to convert the organics
to carbon dioxide and water vapor. Although the fluidized bed incinerator
generally does not have an afterburner, the freeboard section provides addi-
tional residence time for conversion of the organic constituents to carbon
dioxide, water vapor, and hydrochloric acid if chlorine is present in the

waste.

Description of Incineration Process

Liquid Injection

The liquid injection system is capable of incinerating a wide range
of gases and liquids. The combustion systeﬁ has a simple design with virtu-
ally no moving parts. A burner or nozzle atomizes the liquid waste and
injects it into the combustion chamber where it burns in the presence of air
or oxygen. A forced draft system supplies the combustion chamber with air to
provide oxygen for combustion and turbulence for mixing. The combustion
chamber is usually a cylinder lined with refractory (i.e., heat resistant)
brick and can be fired horizontally, vertically upward, or vertically down-

ward. Figure 3-1 illustrates a liquid injection incineration system.
Rotary Kiln
A rotary kiln is a slowly rotating, refractory-lined cylinder that

is mounted at a slight incline from the horizontal (see Figure 3-2). Solid

wastes enter at the high end of the kiln, and liquid or gaseous wastes enter
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through atomizing nozzles in the kiln or afterburner section. Rotation of the
kiln exposes the solids to the heat for vaporization and allows them to
combust by mixing with air. The rotation also causes the ash to move to the
lower end of the kiln where it can be removed. Rotary kiln systems usually
have a secondary combustion chamber or afterburner following the kiln for

further combustion of the volatilized components of solid wastes.

Fluidized Bed

A fluidized bed incinerator consists of a column containing inert
particles such as sand which is referred to as the bed. Air, driven by a
blower, enters the bottom of the bed to fluidize the sand. The waste material
is usually injected directly into the fluidized bed. Air passage through the
bed promotes rapid and uniform mixing of the injected waste material within
the fluidized bed. The fluidized bed has an extremely high heat capacity
(approximately three times that of flue gas at the same temperature), thereby
providing a large heat reservoir. The injected waste reaches ignition temper-
ature quickly and transfers the heat of combustion back to the bed. Continued
bed agitation by the fluidizing air allows larger particles to remain sus-

pended in the combustion zone. (See Figure 3-3)
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Fixed Hearth Incineration'

Fixed hearth incinerators, also called controlled air or starved air
incinerators, are another major technology used for hazardous waste incinera-
tion. Fixed hearth incineration is a two-stage combustion process (see Figure
3-4). Waste is ram-fed into the first stage, or primary chamber, and burned
at less than stoichiometric conditions. The resultant smoke and pyrolysis
products, consisting primarily of volatile hydrocarbons and carbon monoxide,
along with the normal products of combustion, pass to the secondary chamber.
Here, additional air is injected to complete the combustion. This two-stage
process generally yields low stack particulate and carbon monoxide (CO)
emissions. The primary chamber combustion reactions and combustion gas are
maintained at low levels by the starved air conditions so that particulate

entrainment and carryover are minimized.

Air Pollution Controls

Following incineration of hazardous wastes, combustion gases are
generally further treated in an air pollution control system. The presence of
chlorine or other halogens in the waste requires a scrubbing or absorption
step to remove HCl and other halo-acids from the combustion gases. Ash in the
waste is not destroyed in the combustion process. Ash will either exit as
bottom ash, at the discharge end of a kiln or hearth for example, or as

particulate matter (fly ash) suspended in the combustion gas stream.
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Particulate emissions from most hazardous waste combustibn systems generally
have particle diameters less than one micron and require high efficiency
collection devices to minimize air emissiops. In addition, scrubber systems
provide an additional buffer against accidental releases of incompletely
destroyed waste products due to poor combustion efficiency or combustion

upsets, such as flame outs.

Waste Characteristics Affecting Performance

Liquid Injection

In determining whether liquid injection is likely to achieve the
same level of performance on an untested waste as a previously tested waste,
the Agency will compare bond dissociation energies of the constituents in the
untested and tested waste. This parameter is being used as a surrogate
indicator of activation energy which, as discussed previously, is the amount
of energy required to destabilize molecular bonds. Other energy effects
(e.g., vibrational enérgy, the formation of intermediates, and interactions
between different molecular bonds) may have a significant influence on activa-

tion energy.
Because of the shortcomings of bond energies in estimating activa-

tion energy, EPA analyzed other waste characteristic parameters to determine

Lf these parameters would provide a better basis for transferring treatment
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standards from a tested waste to an untested waste. These parameters include
heat of combustion, heat of formation, use of available kinetic data to
predict activation energies, and general structural class. All of these were

rejected for reasons provided below.

The heat of combustion only measures the difference in energy of the
products and reactants; it does not provide information on the activation
energy (i.e., the energy input needed to transform the reactants to the
transition state to initiate the reaction). Heat of formation is used as a
predictive tool for whether reactions are likely to proceed; however, there
are a significant number of hazardous constituents for which these data are
not available. Use of kinetic data was rejected because these data are
limited and could not be used to calculate activation energy values for the
wide range of hazardous constituents to be addressed by this rule. Finally,
EPA decided not to use structural classes because the Agency believes that
evaluation of bond dissociation energies allows for a more direct determina-

tion of whether a constituent will be destabilized.

Rotary Kiln/Fluidized Bed/Fixed Hearth

In determining whether these technologies are likely to achieve the
same level of performance on an untested waste as a previously tested waste,
EPA would need to examine the waste characteristics that affect volatilization
of organics from the waste, as well as destruction of the organics, once

volatilized based on the underlying principles of operation. Relative to
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"volatilization, EPA will'examine thermal conductivity of the entire waste and
boiling point of the various constituents. Relative to destruction of organ-
ies, as with liquid injection, EPA will examine bond energies. Below is a
discussion of how EPA arrived at thermal conductivity and boiling point as the
best method to assess volatilization of organics from the Qasce; the discus-
sion relative to bond energies is the same For.these technologies as for

liquid injection and will not be repeated here.

(1) Thermal ConductiQity. Consistent with the underlying princi-

ples of incineration, a major factor with regard to whether a particular
constituent will volatilize is the transfer of heat through the waste. In the
case of rotary kiln, fluidized bed, and fixed hearth incineration, heat is
transferred through the waste by three mechanisms: radiation, convection, and
conduction. For a given incinerator, heat transferred through various wastes
by radiation is more a function of the design and type of incinerator than of
the waste being treated. Accordingly, the type of waste treated will have a
minimal impact on the amount of heat transferred by radiation. With regard to
convection, EPA also believes that this type of heat transfer will generally
be more a function of the type and design of incinerator than of the waste
itself. However, EPA is examining particle size as a waste characteristic
that may significantly impact the amount of heat transferred to a waste by
convection and thus impact volatilization of the various organic compounds.
The final type of heat transfer, conduction, is the one that EPA believes is
most dependent upon the specific waste treated. To measure this characteris-

tic, EPA will use thermal conductivity; an explanation of this parameter, as
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well as how it can be measured is provided below. Heat flow by conduction is
proportional to the temperature gradient across the material. The proportion-
ality constant is a property of the material and is referred to as the thermal
conductivity. (Note: The analytical method that EPA has identified for
measurement of thermal conductivity is named "Guarded, Comparative, Longitudi-
nal Heat Flow Technique"; it is described in an Appendix to this technology
section.) In theory, thermal conductivity would always provide a good indica-
tion of whether a constituent in an untested waste would be treated to the
same extent in the primary incinerator chamber as the same constituent {n a

previously tested waste.

In practice, there are some limitations in assessing the transfer-
ability of treatment standards using thermal conductivity. However, EPA has
not identified a parameter that can provide a better indication of heat
transfer characteristics of a waste. Below is a discussion of both the
limjitations associated with thermal conductivity, as well as other parameters

considered.

Thermal conductivity measurements are most meaningful when applied
to wastes that are homogeneous (i.e., major constituents are essentially the
same). As wastes exhibit greater degrees of non-homogeneity (e.g., signifi-
cant concentration of metals in soil), thermal conductivity becomes less
accurate in predicting treatability because the measurement essentially
reflects heat flow through regions having the greatest conductivity (i.e., the

path of least resistance) and not heat flow through all parts of the waste.
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Btu value, specific heat, and ash content weré also considered for
predicting heat transfer characteristics. These parameters can no better
account for non-homogeneity than thermal conductivity; additionally, they are
not directly related to heat transfer characteristics. Therefore, these
parameters do not provide a better indication of heat transfer that will occur

in any specific waste.

(2) Boiling Point. Once heat is transferred to a constituent
within a waste, the removal of this constituent from the waste will depend on
its volatility. As a surrogate of volatility, EPA is using boiling point of
the constituent. Compounds with lower boiling points have higher vapor
pressures and, therefore, would be more likely to vaporize. The Agency
recognizes that this parameter does not take into consideration the impact of
other compounds in the waste on the boiling point of a constituent in a
mixture; however, the Agency is not aware of a better measure of volatility

that can easily be determined.

Incineration Design and Operating Parameters

Liquid Injection

For a liquid injection unit, EPA's analysis of whether the unit is

well designed will focus on (1) the likelihood that sufficient energy is

provided to the waste to overcome the activation level for destabilizing
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molecular bonds and (2) whether sufficient oxygen is présent to conveft the
waste constituents to carbon dioxide and water vapor. The specific design
parameters that the Agency will evaluate to assess whether these conditions
are met are: temperature, excess oxygen, and residence time. Below is a
discussion of why EPA believes these parameters to be important, as well as a

discussion of how these parameters will be monitored during operation.

It is important to point out that, relative to the development of
land disposal restriction standards, EPA is only concerned with these design'
parameters when a quench water or scrubber water residual is generated from
treatment of a parficular waste. If treatment of a particular waste in a
liquid injection unit would not generate a wastewater stream, then the Agency,
for purposes of land disposal treatment standards, would only be concerned
with the waste characteristics that affect selection of the unit, not the

above-mentioned design parameters.

(1) Temperature. Temperature is important in that it provides an
indirect measure of the energy available (i.e., Btu/hr) to overcome the
activation energy of waste constituents. As the design temperature increases,
the more likely it is that the molecular bonds will be destabilized and the

reaction completed.
The temperature is normally controlled automatically through the use
of instrumentation which senses the temperature and automatically adjusts the

amount of fuel and/or waste being fed. The temperature signal transmitted to
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the controller can be simultaneously transmitted to a recording device,
referred to as a strip chart, and thereby continuously recorded. It is
important to know the exact location in the incinerator that the temperature

is being monitored.

(2) Excess Oxygen. It is important that the incinerator contain

oxygen in excess of the stoichiometric amount necessary to convert the organic
compounds to carbon dioxide and water vapor. If insufficient oxygen is
present, then destabilized waste constituents could react to form products of
incomplete combustion including BDAT list organic compounds and potentially
cause the scrubber water to contain higher concentrations of BDAT List con-

stituents than would be the case for a well operated unit.

In practice, the amount of oxygen fed to the incinerator is con-
trolled by continuous sampling and analysis of the stack gas. If the amount
of oxygen drops below the design value, then the analyzer transmits a signal
to the forced draft fan controlling the air supply and thereby increases the
flow of oxygen to the afterburner. The analyzer simultaneously transmits a
signal to a recording device so that the amount of excess oxygen can be
continuously recorded. Again, as with temperature, it is important to know
the location from which the combustion gas is being sampled and the location

that the design concentration is based.

(3) Carbon Monoxide. Carbon monoxide is an important operating

parameter because it provides an indication of the extent to which the waste
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organic constituents are being converted to CO> and water vapor. As the
carbon monoxide level increases, it indicates that greater amounts of organic
waste constituents are unreacted or partially reacted. Increased carbon
monoxide levels can result from insufficient excess oxygen, insufficient

turbulence in the combustion zone, or insufficient residence time.

(4) Waste Feed Rate. The waste feed rate is important to monitor

because it is related to the residence time. The residence time required is
associated with a specific Btu energy value of the feed and a specific volume
of combustion gas generated. Prior to incineration, the Btu value of the
waste is determined through the use of a laboratory device known as a‘bomb
colorimeter. The volume of combustion gas generated from the waste to be
incinerated is determined from an analysis referred to as an ultimate analy-
sis. This analysis determines the amount of elemental constituents present,
which include carbon, hydrogen, sulfur, oxygen, nitrogen, and halogens. Using
this analysis plus the total amount of air added, the volume of'combustion gas
can be calculated. Having determined both the Btu content and the expected
combustion gas volume, the feed rate can be fixed at the desired residence
time. Continuous monitoring of the feed rate will determine whether the unit

was operated at a rate corresponding to the designed residence time.
Rotary Kiln

For this incineration technology, EPA will examine both the primary

and secondary chamber in evaluating the design of a particular incinerator.
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Relative to the primary chamber, EPA's assessment of design will focus on
whether it is likely that sufficient energy will be provided to the waste in
order to volatilize the waste constituents. For the secondary chamber,
analogous to the liquid injection incineration chamber, EPA will examine the
same parameters discussed previously under "Liquid Ihjection." These para-

meters will not be discussed again here.

The particular design parameters to be evaluated for the primary
chamber are: kiln temperature, residence time, and revolutions pér minute.
Below is a discussion of why EPA believes these parameters to be important, as
well as a discussion of how these parameters will be monitored during opera-

tion.

(1) Temperature. The primary chamber temperature is important in
that it provides an indirect measure of the energy input: (i.e., Btu/hr) that
is available for heating the waste. The higher the temperature is designed to
be in a given kiln, the more likely it is that the constituents will volatil-
ize. As discussed earlier under "Liquid Injection", temperature should be
continuously monitored and recorded. Additionally, it is important to know

the location of the temperature sensing device in the kiln.

(2) Residence Time. This parameter is important in that it affects
whether sufficient heat is transferred to a particular constituent in order
for volatilization to occur. As the time that the waste is in the kiln is

increased, a greater quantity of heat is transferred to the hazardous waste
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constituents. The residence time of solids and gases in the kiln is a func-
tion of the specific configuration of the rotary kiln including the length and

diameter of the kiln, the waste feed rate, and the rate of rotation.

(3) Revolutions Per Minute (RPM). This parameter provides an

indication of the turbulence that occurs in the primary chamber of a rotary
kiln. As the turbulence increases, the quantity of heat transferred to the
waste would also be expected to increase. However, as the RPM value
increases, the residence time of solids in the kiln decreases, resulting in a

reduction of the quantity of heat transferred to the waste.
Fluidized Bed

As discussed previously, in the section on "Underlying Principles of
Operation", the primary chamber accounts for almost all of the conversion of
organic wastes to carbon dioxide, water vapor, and acid gas if halogens are
present. The freeboard section will generally provide additional residence
time for thermal oxidation of the waste constituents. Relative to the primary
chamber, the parameters that the Agency will examine in assessing the effec-
tiveness of the design are temperature, residence time, and bed pressure
differential. The first two were discussed under rotary kiln and will not be
discussed here. The latter, bed pressure differential, is important in that
it provides an indication of the amount of turbulence and, therefore, indi-
rectly provides the amount of heat supplied to the waste. In general, as the

pressure drop increases, both the turbulence and heat supplied increase. The
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pressure drop through the bed should be continuously monitored and recorded to

ensure that the design value is achieved.

Fixed Hearth

The design considerations for this incineration unit are similar to
a rotary kiln with the exception that rate of rotation (i.e., RPM) is not an
applicable design parameter. For the primary chamber of this unit, the
parameters that the Agency will examine in assessing how well the unit is
designed are the same as discussed under rotary kiln. For the secondary
chamber (i.e., afterburner), the design and operating parameters of concern

are the same as previously discussed under "Liquid Injection."
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The stack is clamped with a reproducible load to insure intimate contact
between the components. In order to produce a linear flow of heat down the
stack and reduce the amount of heat that flows radially, a guard tube is
pl#ced around the stack and the intervening space is filled with insulating
grains or powder. The temperature gradient in the guard is matched to that in

the stack to further reduce radial heat flow.

The comparative method is a steady state ﬁethod measuring thermal
conductivity. When equilibrium is reached, the heat flux (analogous to
current flow) down the stack can be determined from the references. The heat
into the sample is given by

Qip = Atop (dT/dx) qp
and the heat out of the sample is given by

Qout = Abottom (d1/d%)pgreom
where

A= thermal conductivity

dT/dx

temperature gradient
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and top refers to the upper reference while bottom refers to the lower refer-
ence. If the heat was confined to flow just down the stack, then Qjn and Qgyt

would be equal. If Qjn and Qgut are in reasonable agreement, the average heat
flow is calculated from
Q = (Qin + Qout)/2

The sample thermal conductivity is then found from

Asample = ¥/(dT/dX)gamp)e
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3.4.2 Solvent Extraction

Solvent extraction is a treatment technology used to remove a
constituent from a waste by mixing the waste with a solvent that is immiscible
with the waste and in which the waste constituent of concern is preferentially
soluble. Solvent extraction is commonly called liquid extraction or liquid-
liquid extraction. EPA also uses this term to refer to extraction of BDAT
List organics from a solid waste. When BDAT List metals are extracted using

acids, EPA uses the term acid leaching.

Applicability and Use of Solvent Extraction

Theoretically, solvent extraction has broad applicability in that it
can be used for wastes that have high or low concentrations of a range of
waste characteristics including total organic carbon, filterable solids,
viscosity, and BDAT Lisﬁ metals content. The key to its use is whether the
BDAT List constituents can be extracted from the waste matrix containing the
constituents of concern. For a waste matrix with high filterable solids this
would mean that the solids could be land disposed following solvent extrac-
tion. For a predominantly liquid waste matrix with low filterable solids, the
extracted liquid (referred to as the raffinate) could be reused. Solvent
extraction can seldom be used without additional treatment (e.g., incinera-
tion) of the extract; however, some industries may be able to recycle the
solvent stream contaminated with the BDAT List constituents back to the

process.
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Underlying Principles of Operation

For solvent extraction to occur, the BDAT List constituents pf
conéern in the waste stream must be preferentially soluble in the solvent and
the solvent must be essentially immiscible with the waste stream. In theory,
the degree of separation that can be achieved is provided by the selectivity
value; this value is the ratio of the equilibrium concentration of the con-
stituent in the solvent to the equilibrium concentration of the constituent in

the waste.

The solvent and waste stream are mixed to allow mass transfer of the
constituent(s) from the waste stream to the solvent. The solvent and waste

stream a.e then allowed to separate under quiescent conditions.

The solvent solution containing the extracted contaminant is called
the extract. The extracted waste stream with the contaminants removed is
called the raffinate. The simplest extraction system comprises three compo-
nents: (1) the solute, or the contaminant to be extracted; (2) the solvent;
and (3) the nonsolute portion of the waste stream. For simple extractions,
solute passes from the waste stream to the solvent phase. A density differ-
ence exists between the solvent and waste stream phases. The extract can be

either the heavy phase or the light phase.
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Description of Solvent Extraction Process -

The simplest method of extraction is a single stage system. The
solvent and waste stream are brought together; clean effluent and solvent are
recovered without further extraction. The clean effluent is referred to as
the raffinate, and the solvent containing the constituents that were removed
from the waste stream is known as the extract. The amount of solute extracted
is fixed by equilibrium relations and the quantity of solvent used. Single

stage extraction is the least effective extraction system.

Another method of extraction is simple multistage contact extrac-
tion. In this system, the total quantity of solvent to be used is divided
into several portiuns. The waste stream is contacted with each of these
portions of fresh solvent in a series of successive steps or stages. Raffi-
nate from the first extraction stage is contacted with fresh solvent in a

second stage, and so on.

In countercurrent, multistage contact, fresh solvent and the waste
stream enter at opposite ends of a series of extraction stages. Extract and
raffinate layers pass continuously and countercurrently from stage to stage

thfough the system.

In order to achieve a reasonable approximation of phase equilibrium,
solvent extraction requires the intimate contacting of the phases. Several
types of extraction systems are used for contact and separation; two of these,

mixer-settler systems and column contactors, are discussed below.
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(1) Mixer-Settler Systems. Mixer-settler systems are comprised of
a mixing chamber for phase dispersion, followed by a settling chamber for
phase separation. The vessels may be either vertical or horizontal. Disper-
sion in the mixing chamber occurs by pump circulation, nonmechanical in-line
mixing, air agitation, or mechanical stirring. In a two-stage mixer-settler
system the dispersed phase separates in a horizontal settler. The extract
from the second settler is recycled to the first settler (see Figure 3-5).
Extract properties such as density or specific constituent concentration may
be monitored to determine when the extract must pe sent to solvent recovery
and fresh or regenerated solvent added to the system. Mixer-settler systems
can handle solids or highly viscous liquids. Design scaleup is reliable, and
mixer-settlers can handle difficult dispersion systems. Intense agitation to
provide high rates of mass tcansfer can produce solvent-feed dispersions that

are difficult to separate into distinect phases.
(2) Column Contactors. Packed and siéve-tray are two different
types of column contactors that do not require mechanical agitation. Figure

3-6 presents schematics of the two types of extraction columns.

A packed extractor contains packing materials, such as saddles,

rings, or structured packings of gauze or mesh. Mass transfer of the solute
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to the extract is promoted because of breakup and distortion of the dispersed

phase as it contacts the packing.

The sieve-tray extractor is similar to a sieve-tréy column used in
distillation. Tray perforations result in the formation of liquid droplets to
aid the mass transfer process. The improved transfer is accomplished by the
fact that the droplets allow for more intimate contact between extract and

raffinate.

Waste Characteristics Affecting Performance

In determining whether solvent extraction is likely to achieve the
same level of performance on an untested waste as a previously tested waste,
the Agency will focus on the waste characteristics that provide an estimate of
the selectivity value previously described. EPA believes that the selectivity
value can best be estimated by analytically measuring the partitioning coeffi-
clents of the waste constituents of concern and the solubility of the waste

matrix in the extraction solvent.
Accordingly, EPA will use partitioning coefficients and solubility

of the waste matrix as surrogates for the selectivity value in making deci-

sions regarding transfer of treatment standards.
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Design and Operating Parameters

EPA's analysis of whether a solvent extraction system is well
designed will focus on whether the BDAT List constituents are likely to be
effectively separated from the waste. The particular design and operating
parameters to be evaluated are: (1) the selection of a solvent, (2) equilib-

rium data, (3) temperature and pH, (4) mixing, and (5) settling time.

(1) The Selection of a Solvent. In assessing the design of a

solvent extraction system, the most important aspect to evaluate is the
solvent used and the basis on which the particular solvent was selected.
Solvent selection is important because, as indicated previously, different
waste constituents of concern will have different solubilities in various
solvents, and it is the extent to which the waste constituents are preferen-
tially soluble in the selected solvent that determines the effectiveness of
this technology. In addition to this information, EPA would also want to

review any empirical extraction data used to design the system.

(2) Equilibrium Data. For solvent extraction systems that are
operated in a continuous mode, the extraction process will generally be
conducted using a series of equilibrium stages as discussed previously. The
number of equilibrium stages and the associated flow rates of the waste and
solvent will be based on empirical equilibrium data. EPA will evaluate these

data as part of assessing the design of the system. EPA would thus want to
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know the type of mixers used and the basis for determining that this system

would provide sufficient mixing.

(3) Temperature and pH. Temperature and pH changes can affect

equilibrium conditions and, consequently, the performance of the extraction
system. Thus, EPA would attempt to monitor and record these values on a

continuous basis.

(4) Mixing. For mixer-settler type extraction processes, mixing
determines the amount of contact between the two immiscible phases and,

accordingly, the degree of mass transfer of the constituents to be extracted.

(5) Settling Time. For batch systems, adequate settling time must
be allowed to ensure that separation of the phases has been completed.
Accordingly, in assessing the design of a system, EPA would want to know

settling time allowed and the basis for selection.
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3.4.3 Sludge Filtration

Applicability and Use of Sludge Filtration

Sludge filtration, also known as sludgé dewatering or cake-formation
filtration, is a technology used on wéstes that contain high concentrations of
suspended solids, generally higher than one percent. The remainder of the
waste is essentially water. Sludge filtration is applied to sludges, typi-
cally those that have‘settled to the bottom of clarifiers, for dewatering.

After filtration, these sludges can be dewatered to 20 to 50 percent solids.

.Underlying Principle of Operation

The basic principle of filtration is the separation of particles
from a mixture of fluids and particles by a medium that permits the flow of
the fluid but retains the particles. As would be expected, larger particles
are easier to separate from the fluid than smaller particles. Extremely small
particles, in the colloidal range, may not be filtered effectively and may
appear in the treated waste. To mitigate this problem, the wastewater should
be treated prior to filtration to modify the particle size distribution in
favor of the larger particles, by the use of appropriate precipitants, coagu-
lants, flocculants, and filter aids. The selection of the appropriate precip-
itant or coagulant is important because it affects the particles formed. For
example, lime neutralization usually produces larger, less gélatinous parti-

cles than does caustic soda precipitation. For larger particles that become
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too small to filter effectively because of poor resistance to shearing, shear
resistance can be improved by the use of coagulants and flocculants. Also, if
pumps are used to feed the filter, shear can be minimized by designing for a

lower pump speed, or by use of a low shear type of pump.

Description of Sludge Filtration Process

For sludge filtration, sgttled sludge is either pumped through a
cloth-type filter media (such as in a plate and frame filter that allows solid
"cake" to build up on the media) or the sludge is drawn by vacuum through the
cloth media (such as on a drum or vacuum filter, which also allows the solids
to build). In both cases the solids themselves act as a filter for subsequent
solids removal. For a plate and frame type filter, removal of the solids is
accomplished by taking the unit off line, opening the filter and scraping the
solids off. For the vacuum type filter, cake is removed continuously. For a
specific sludge, the plate and frame type filter will usually produce a drier
cake than a vacuum filter. Other types of sludge filters, such as belt

filters, are also used for effective sludge dewatering.

Waste Characteristics Affecting Performance

The following characteristics of the waste will affect performance

of a sludge filtration unit:

o] size of particles, and
o type of particles.
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(1) Size of particles. The smaller the particle size, the more the

particles tend to go through the filter media. This is especially true for a
vacuum filter. For a pressure filter (like a plate and frame), smaller
particles may require higher pressures for equivalent throughput, since the

smaller pore spaces between particles create resistance to flow.

(2) Type of particles. Some solids formed during metal precipita-
tion are gelatinous in nature and cannot be dewatered well by cake-formation
filtration. In fact, for vacuum filtration a cake may not form at all. In
most cases solids can be made less gelatinous by use of the appropriate
coagulants and coagulant dosage prior to clarification, or after clarification
but prior to filtration. In addition, the use of lime instead of caustic soda
in metal precipitation will reduce the formation of gelatinous solids. Also
the addition of filter aids to a gelatinous sludge, such as lime or diatoma-
ceous earth, will help significantly. Finally, precoating the fllter with
diatomaceous earth prior to sludge filtration will assist in dewatering

gelatinous sludges.

Design and Operating Parameters

For sludge filtration, the following design and operating variables

affect performance:

type of filter selected,

size of filter selected,

feed pressure, and

use of coagulants or filter aids.

0000
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(1) Type of filter. Tyﬁically, pressure type filters (such as a

plate and frame) will yield a drier cake than a vacuum type filter and will
also be more tolerant of variations in influent sludge characteristics.
Pressure type filters, however, are batch operations, so that when cake is
built up to the maximum depth physically possible (constrained by filter
geometry), or to the maximum design pressure, the filter is turned éff while
the cake is removed. A vacuum filter is a continuous device (i.e., cake
discharges continuously), but will usually be much larger than a pressure
filter with the same capacity. A hybrid device is a belt filter, thch

mechanically squeezes sludge between two continuous fabric belts.

(2) Size of filter. As with in-depth filters, the larger the

filter, the greater its hydraulic capacity and the longer the filter runs

between cake discharge.

(3) Feed pressure. This parameter impacts both the design pore

size of the filter and the design flow rate. It is important that in treating
waste that the design feed pressure not be exceeded, otherwise particles may

be forced through the filter medium resulting in ineffective treatment.

(4) Use of coagulants. Coagulants and filter aids may be mixed

with filter feed prior to filtration. Their effect is particularly signifi-
cant for vacuum filtration in that it may make the difference in a vacuum
filter between no cake and a relatively dry cake. In a pressure filter,

coagulants and filter aids will also significantly improve hydraulic capacity
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and cake dryness. Filter aids, such as diatomaceous eaékh} can be precoated
on filters (vacuum or pressure) for particularly difficult to filter sludges.
The precoat layer acts somewhat like an in-depth filter in that sludge solids
are trapped in the precoat pore spaces. Use of precoats and most coagulants
or filter aids significantly increases the amount of sludge solids to be
disposed of. However, polyelectrolyte coagulant usage usually does not

increase siudge volume significantly because the dosage is low.
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3.4.4 Stabilization of Metals

Stabilization refers to a broad class of trea --w cnat’
chemically or physically reduce the mobility of hazardous constituents in a
waste. Solidification and fixation are other terms that are sometimes used
synonymously for stabilization or to describe specific variations within the
broader class of stabilization. Related technologies are encapsulation and
thermoplastic binding; however, EPA considers these technologies to he
distinct from stabilization in that the operational prinéiples are

significantly different.

Applicability and Use of Stabilization

Stabilization is used when a waste contains metals that will leach
from the waste when it is contacted by water. In general, this technology is
applicable to wastes containing BDAT List metals, having a high filterable
solids content, low TOC content, and low oil and grease content. This tech-
nology is commonly used to treat residuals generated from treatment of elec-
troplating wastewaters. For some wastes, an alternative to stabilization is

metal recovery.

Underlying Principles of Operation

The basic principle underlying this technology is that stabilizing

agents and other chemicals are added to a waste in order to minimize the
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amount of metal that leaches. The reduced leachability is accomplished by the
formation of a lattice structure and/or chemical bonds that bind the metals to
the solid matrix and, thereby, limit the amount of metal constituents that can
be leached when water or a mild acid solution comes into contact with the

waste material.

There are two principal stabilization processes used; these are
cement-based and lime/pozzolan-based. A brief discussion of each is provided
below. In both cement-based or lime/pozzolan-based techniques, the stabiliz-
ing process can be modified through the use of additives, such as silicates,

that control curing rates or enhance the properties of the solid material.
Portland Cement-Based Process

Portland cement is a mixture of powdered oxides of calcium, silica,
aluminum, and iron, produced by kiln burning of materials rich in calcium and
silica at high temperatures (i.e., 1400°C to 1500°C). When the anhydrous
cement powder is mixed with water, hydration occurs and the cement begins to
set. The chemistry involved is complex because many different reactions occur

depending on the composition of the cement mixture.

As the cement begins to set, a colloidal gel of indefinite composi-
tion and structure is formed. Over a period of time, the gel swells and forms
a matrix composed of interlacing, thin, densely-packed silicate fibrils.

Constituents present in the waste slurry (e.g., hydroxides and carbonates of
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various heavy metals), are incorporated into the interstices of the cement
matrix. The high pH of the cement mixture tends to keep metals in the form of
insoluble hydroxide and carbonate salts. It has been hypothesized that metal
ions may also be incorporated into the crystal structure of the cement matrix,

but this hypothesis has not been verified.

Lime/Pozzolan-Based Process

Pozzolan, which contains finely divided, noncrystalline silica
(e.g., fly ash or components of cement kiln dust), is a material that is not
cementitious in itself, but becomes so upon the addition of lime. Metals in
the waste are converted to silicates or hydroxides which inhibit leaching.
Additives, again, can be used to reduce permeability and thereby further

decrease leaching potential.

Description of Stabilization Processes

In most stabilization processes, the waste, stabilizing agent, and
other additives, if used, are mixed and then pumped to a curing vessel or area
and allowed to cure. The actual operation (equipment requirements and process
sequencing) will depend on several factors such as the nature of the waste,
the quantity of the waste, the location of the waste in relation to the
disposal site, the particular stabilization formulation to be used, and the
curing rate. After curing, the solid formed is recovered from the processing

equipment and shipped for final disposal.
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In instances where waste contained in a lagoo; is to be treated, the
material should be first transferred to mixing vessels where stabilizing
agents are added. The mixed material is then fed to a curing pad or vessel.
After curing, the solid formed is removed for disposal. Equipment commonly
used also includes facilities to store waste and chemical additives. Pumps
can be used to transfer liquid or light sludge wastes to the mixing pits and
pumpable uncured wastes to the curing site. Stabilized wastes are then

removed to a final disposal site.

Commercial concrete mixing and handling equipment generally can be
used with wastes. Weighing conveyors, metering cement hoppers, and mixers
similar to concrete batching plants have been adapted in some operations.
Where extremely dangerous materials are being treated, remote-control and
in-drum mixing equipment, such as that used with nuclear waste, can be

employed.

Waste Characteristics Affecting Performance

In determining whether stabilization is likely to achieve the same
level of performance on an untested waste as on a previously tested waste, the
Agency will focus on the characteristics that inhibit the formation of either
the chemical bonds or the lattice structure. The four characteristics EPA has
identified as affecting treatment performance are the presence of (1) fine
particulates, (2) oil and grease, (3) organic compounds, and (4) certain

inorganic compounds.
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(1) Fine Particulates. For both cement-based and lime/pozzolan-

based processes, the literature states that very fine solid materials (i.e.,
those that pass through a No. 200 mesh'sieve, 74 um particle size) can weaken
the bonding between waste particles and cement by coating the particles. This
coating can inhibit chemical bond formation and decreases the resistance of

the material to leaching.

(2) O0il and Grease. The presence of oil and grease in both cement-

based and lime/pozzolan-based systems results in the coating of waste parti-
cles and the weakening of the bonding between the particle and the stabilizing
agent. This coating can inhibit chemical bond formation and thereby, decrease

the resistance of the material to leaching.

(3) Organic Compounds. The presence of organic compounds in the

waste interferes with the chemical reactions and bond formation which inhibit
curing of the stabilized material. This results in a stabilized waste having

decreased resistance to leaching.

(4) Sulfate and Chlorides. The presence of certain inorganic
compounds will interfere with the chemical reactions, weakening bond strength
and prolonging setting and curing time. Sulfate and chloride compounds may
reduce the dimensional stability of the cured matrix, thereby increasing

leachability potential.
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. Accordingly, EPA will examine these constituents when making deci-

sions regarding transfer of treatment standards based on stabilization.

Design and Operating Parameters

In designing a stabilization system, the principal parameters that
are important to optimize so that the amount of leachable metal constituents
is minimized are (1) selection of stabilizing agents and other additives, (2)
ratio of waste to stabilizing agents and other additives, (3) degree of

mixing, and (4) curing conditions.

(1) Selection of stabilizing agents and other additives. The

stabilizing agent and additives used will determine the chemistry and struc-
ture of the stabilized material and, therefore, will affect the leachability
of the solid material. Stabilizing agents and additives must be carefully
selected based on the chemical and physical characteristics of the waste to be
stabilized. For example, the amount of sulfates in a waste must be considered
when a choice is being made between a lime/pozzolan and a Portland cement-

based system.

In order to select the type of stabilizing agents and additives, the
waste should be tested in the laboratory with a variety of materials to

determine the best combination.
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(2) Amount of stabilizing agents and additives. The amount of

stabilizing agents and additives is a eritical parameter in that sufficient
stabilizing materials are necessary .in the mixture to bind the waste constitu-
ents of concern properly, thereby making them less susceptible to leaching.
The appropriate weight ratios of waste to stabilizing'agent and other addi-
tives are established empirically by setting up a series of laboratory tests
that allow separate leachate testing of different mix ratios. The ratio of
water to stabilizing agent (including waﬁer in the waste) will also impact the
strength and leaching characteristics of the stabilized material. Too much
water will cause low strength; too little will make mixing difficult and, more
importantly, may not allow the chemical reactions that bind the hazardous

constituents to be fully completed.

(3) Mixing. The conditions of mixing include the type and duration
of mixing. Mixing is necessary to ensure homogeneous distribution of the
waste and the stabilizing agents. Both undermixing and overmixing are unde-
sirable. The first condition results in a nonhomogeneous mixture; therefore,
areas will exist within the waste where waste particles are neither chemically
bonded to the stabilizing agent nor physically held within the lattice struc-
ture. Overmixing, on the other hand, may inhibit gel formation and ion
adsorption in some stabilization systems. As with the relative amounts of
waste, stabilizing agent, and additives within the system, optimal mixing
conditions generally are determined through laboratory tests. During treat-
ment it is important to monitor the degree (i.e., type and duration) of mixing

to ensure that it reflects design conditions.
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(4) Curing conditions. The curing conditions include the duration

of curing and the curing conditions (temperature and humidity). The duration
of curing is a critical parameter to ensure that the waste particles have had
sufficient time in which to form stable chemical bonds and/or lattice
structures. The time necessary for complete stabilization depends upon the
waéte type and the stabilization used. The performance of the stabilized
waste (i.e.3 the levels of constituents in the leachate) will be highly
dependent upon whether complete stabilization has occurred. Higher tempera-
tures and lower humidity increase the rate of curing by increasing the rate of
evaporation of water from the solidification mixtures. However, if tempera-
tures are too high, the evaporation rate can be excessive and result in too
"little water being available for completion of the stabilization reaction.

The duration of the curing process should also be determined during the design

stage and typically will be between 7 and 28 days.
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3.4.5 Hexavalent Chromium Reduction"

Applicability and Use of Hexavalent Chromium Reduction

The process of hexavalent chromium (Cr+6) reduction involves conver-
sion from the hexavalent form to the trivalent form of chromium. This tech-
nology has wide application to hexavalent chromium wastes including plating
solutions, stainless steel acid baths and rinses, "chrome conversion" coating
process rinses, and chromium pigment manufacturing wastes. Because this
technology requires the pH to be in the acidic range, it would not be applica-
ble to a waste that contains significant amounts of cyanide or sulfide. In
such cases, lowering of the pH can generate toxic gases such as hydrogen
cyanide or nydrogen sulfide. It is important to note that additional treat-

ment is required to remove trivalent chromium from solution.

Underlying Principles of Operation

The basic principle of treatment is to reduce the valence of chro-
mium in solution (in the form of chromate or dichromate ions) from the valence
state of six (+6) to the trivalent (+3) state. "Reducing agents" used to
effect the reduction include sodium bisulfite, sodium metabisulfite, sulfur

dioxide, sodium hydrosulfide, or the ferrous form of iron.

A typical reduction equation, using sodium sulfite as the reducing

agent, is:
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HaCrp07 + 3NapSO3 + (SOy)3 ---> Crp(SOy)3 + 3NapSQy + 4HQ0

The reaction is usually accomplished at pH values in the range of 2 to 3.

At the completion of the chromium reduction step, the trivalent
chromium compounds are precipitated from solution by raising the pH to a value
exceeding about 8. The less soluble trivalent chromium (in the form of
chromium hydroxide) is then allowed to settle from solution. The precipita-

tion reaction is as follows:
Cra(SOy)3 + 3Ca(OH)p ---> 2Cr(OH)3 + CaSOy

Description of Chromium Reduction Process

The chromium reduction treatment process can be operated in a batch
or continuous mode. A batch system will consist of a reaction tank, a mixer
to homogenize the contents of the tank, a supply of reducing agent, and a

source of acid and base for pH control.

A continuous chromium reduction treatment system, as shown in Figure
3-7, will usually include a holding tank upstream of the reaction tank for
flow and concentration equélization. It will also include instrumentation to
automatically control the amount of reducing agent added and the pH of the
reaction tank. The amount of reducing agent is Eontrolled by the use of a

sensor called an oxidation reduction potential (ORP) cell. The ORP sensor
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electronically measures, in millivolts, the level to which the redox reaction
has proceeded at any given time. It must be noted though, that the ORP

reading is very pH dependent. Consequently, if the pH is not maintained at a
steady value, the ORP will vary somewha;, regardless of the level of chromate

reduction.

Waste Characteristics Affecting Performance

In determining whether chromium reduction can treai an untested
waste to the same level of performance as a previously tested waste, EPA will
examine waste characteristics that affect the reaction involved with either
lowering the pH or reducing the hexavalent chromium. EPA believes that such
characteristics include the oil and grease content of the waste, total dis-
solved solids, and the presence of other compounds that would undergo reduc-

tion reaction.

(1) 0il and Grease. EPA believes that these compounds could
potentially interfere the oxidation-reduction reactions, as well as cause
monitoring problems by fouling the instrumentation (e.g., electrodes). 0il

and grease concentrations can be measured by EPA Methods 9070 and 9071.

. (2) Total Dissolved Solids. These compounds can interfere with the

addition of treatment chemicals into solution and possibly cause monitoring

problems.
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(3) Other Reducible Compounds. These compouﬂds would generally

consist of other metals in the waste. Accordingly EPA will evaluate the type
and concentration of other metals in the waste in evaluating transfer of

treatment performances.

Design and Operating Parameters

The parameters that EPA will examine in assessing the design and

operation of a chromium reduction treatment system are discussed below.

(1) Treated and Untreated Design Concentration. EPA will need to

know the level of performance that the facility is designed to achieve in
order to ensure that the design is consistent with best demonstrated prac-
tices. This parameter is important in that a system will not usually perform
better than design. As well as knowing the treated design concentration, it
is also important to know the characteristics of the untreated waste that the
system is designed to handle. Accordingly, EPA will obtain data on the
untreated wastes to ensure that waste characteristics fall uithin design

specifications.

(2) Reducin ent. The choice of a reducing agent es;ablishes the
chemical reaction upon which the chromium reduction system is based. The
amount of reducing agent needs to be monitored and controlled in both batch
and continuous systems. In batch systems, reducing agent is usually con-

trolled by analysis of the hexavalent chromium remaining in solution. For
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continuous systems, the ORP reading is used to monitor and control the addi-

tion of reducing agent.

ORP will slowly change until the correct amount of reducing.agent
has been added, at which point ORP will change rapidly, indicating reaction
completion. The set point for the ORP monitor is approximately the reading
just after the rapid change has begun. The reduction system must then be
monitored periodically to determine whether the selected setpoint needs

further adjustment.

(3) pH. For batch and continuous systems, pH is an. important
parameter because of its effect on the reduction reaction. For a batch
system, it can be monitored intermittently during treatment. For continuous
systems, the pH should be continuously monitored because of its affect on ORP.
In evaluating the design and operation of a continuous chromium reduction
system, it is important to know the pH on which the design ORP value {s based,

as well as the designed ORP value.

(4) Retention Time. Retention time should be adequate to ensure

that the hexavalent chromium reduction reaction goes to completion. In the
case of the batch reactor, the retention time is varied by adjusting treatment
time in the reaction tank. If the process is continuous, it is important to

monitor the feed rate to ensure that the designed residence time is achieved.
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3.4.6 Chemical Precipitation

Applicability and Use of Chemical Precipitation

Chemical precipitation is used when dissolved metals are to be
removed from solution. This technology can be applied to a wide range of
wasteuatérs containing dissolved BDAT list metals and other metals as well.
This treatment process has been practiced widely by industrial facilities

since the 1940s.

Underlying Principles of Operation

The underlying principle of chemical precipitation is that metals in
wastewater are removed by the addition of a treatment chemical that converts
the dissolved metal to a metal precipitate. This precipitate is less soluble
than the original metal compound, and therefore settles out of solution,
leaving a lower concentration of the metal present in the solution. The
principal chemicals used to convert soluble metal compounds to the less
soluble forms include: lime (Ca(OH)z), caustic (NaOH), sodium sulfide (NasS),
and, to a lesser extent, soda ash (Na3CO3), phosphate, and ferrous sulfide

(FeS).
The solubility of a particular compound will depend on the extent to
which the electrostatic forces holding the ions of the compound together can

be overcome. The solubility will change significantly with température; most
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metal compounds are more soluble as the temperature increases. Additionally,
the solubility will be affected by the other constituents present in a waste.
As a general rule, nitrates, chlorides, and sulfates are more soluble than

hydroxides, sulfides, carbonates, and phosphates.

An important concept related to treatment of the soluble metal
compounds is pH. This term provides a measure of the extent to which a
solution contains either an excess of hydrogen or hydroxide ions. The pH
scale ranges from 0 to 14; with O being the most acidic, 14 representing the

highest alkalinity or hydroxide ion (OH™) content, and 7.0 being neutral.

When hydroxide is used, as is often the case, to precipitate the
soluble metal compounds, the pH is frequently monitored to ensure that suffi-
cient treatment chemicals are added. It is important to point out that pH is
not a good measure of treatment chemical addition for compounds other than
hydroxides; when sulfide is used, for example, facilities might use an oxida-
tion-reduction potential meter (ORP) correlation to ensure that sufficient

treatment chemical is used.

Following conversion of the relatively soluble metal compounds to
metal precipitates, the effectiveness of chemical precipitation is a function
of the physical removal, which usually relies on a settling process. A&
particle of a specific size, shape, and composition will settle at a specific
velocity, as described by Stokes' Law. For a batch system, Stokes' Law is a

good predictor of settling time because the pertinent particle parameters
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‘remain essentially const#nt. Nevertheless, in practice, settling time for a
batch system is normally determined by empirical testing. For a continuous
system, the theory of settling is complicated by factors such as turbulence,
short-circuiting, and velocity gradients, increasing the importance of the

empirical tests.

Description of Chemical Precipitation Process

The equipment and instrumentation required for chemical precipita-
tion varies depending on whether the system is batch or continuous. Both
operations are discussed below; a schematic of the continuous system is shown

in Figure 3-8.

For a batch system, chemical precipitation requires only a feed
system for the treatment chemicals and a second tank where the waste can be
treated and allowed to settle. When lime is used, it is usually added to the
reaction tank in a slurry form. In a batch system, the supernate is usually

analyzed before discharge, thus minimizing the need for instrumentation.

In a continuous system, additional tanks are necessary, as well as
instrumentation to ensure that the system is operating properly. In this
system, the first tank that the wastewater enters is referred to as an equal-
ization tank. This is where the waste can be mixed in order to provide more
uniformity, minimizing wide swings in the type and concéntration of constitu-

ents being sent to the reaction tank. It is important to reduce the
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variability of the waste sent to the reaction tank because control systems
inherently are limited with regard to the maximum fluctuations that can be

managed.

Following equalization, the waste is pumped to a reaction tank where
treatment chemic;ls are added; this is done automatically by using instrumen-
tation that senses the pH of the system and then pneumatically adjusts the
position of the treatment chemical feed valve such that the design pH value is
achieved. Both the complexity and the effectiveness of the automatic control
system will vary depending on the variation in the waste and the pH range that

is needed to properly treat the waste.

An important aspect of the reaction tank design is that it be
well-mixed so that the waste and the treatment chemicals are both dispersed
throughout the tank, in order to ensure comingling of the reactant and the
treatment chemicals; In addition, effective dispersion of the treatment
chemicals throughout the tank is necessary to properly monitor and, thereby,

control the amount of treatment chemicals added.

After the waste is reacted with_the treatment chemical, it flows to
a quiescent tank where the precipitate is allowed to settle and subsequently
be removed. Settling can be chemically assisted through the use of floceculat-
ing compounds. Flocculants increase the particle size and density of the
precipitated solids, both of which increase the rate of settling. The partic-
ular flocculating agent that will best improve settling characteristics will

vary depending on the particular waste; selection of .the flocculating
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agent is generally accomplished by performing laboratory bench tests.' Set-
tling can be conducted in a large tank by relying solely on gravity or be
mechanically assisted through the use of a circular clarifier or an inclined
separator. Schematics of the latter two separators are shown in Figures 3-9

and 3-10.

Filtration can be used for further removal of precipitated residuals
both in cases where the settling system is underdesigned and in cases where
the particles are difficult to settle. Polishing filtration is discussed in a

separate technology section.

Waste Characteristics Affecting Performance

In determining whether chemical precipitation is likely to achieve
the same level of performance on an untested waste as a previously tested
waste, we will examine the following waste characteristics: (1) the concen-
tration and type of the metal(s) in the waste, (2) the concentration of
suspended solids (TSS), (3) the concentration of dissolved solids (TDS), (4)
whether the metal exists in the wastewater as a complex, and (5) the oil and
grease content. These parameters either affect the chemical reaction of the
metal compound, the solubility of the metal precipitate, or the ability of the

precipitated compound to settle.

(1) Concentration and Type of Metals. For most metals, there is a

specific pH at which the metal hydroxide is least soluble. As a result, when
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a waste contains a mixture of many metals, it is not possible to operate a
treatment system at a single pH which is optimal for the removal of all
metals. The extent to which this affects treatment depends on the particular
metals to be removed, and their concentrations. An alternative can be to
operate multiple precipitations, with intermediate settling, when the optimum
pH occurs at markedly different levels for the metals present. The individual

metals and their concentrations can be measured using EPA Method 6010.

(2) Concentration and type of total suspended solids (TSS).

Certain suspended solid compounds are difficult to settle because of either
their particle size or shape. Accordingly, EPA will evaluate this character-
istic in assessing transfer of treatment performance. Total suspended solids

can be measured by EPA Wastewater Test Method 160.2.

(3) Concentration of total dissolved solids (TDS). Avai;able

information shows that total dissolved solids can inhibit settling. The
literature states that poor flocculation is a consequence of high TDS and
shows that higher concentrations of total suspended solids are found in
treated residuals. Poor flocculation can adversely affect the degree to which
precipitated particles are removed. Total dissolved solids can be measured by

EPA Wastewater Test Method 160.1.

(4) Complexed metals. Metal complexes consist of a metal ion

surrounded by a group of other inorganic or organic ions or molecules (often
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called ligands). In the complexed form, the metals have-a greater solubility
and, therefore, may not be as effectively removed from solution by chemical
precipitation. EPA does not have an analytical method to determine the amount
of complexed metals in the waste. The Agency believes that the best measure
of complexed metals is to analyze for some common complexing compounds (or
complexing agents) generally found in wastewater for which analytical methods
are available. These complexing agents include ammonia, cyanide, and EDTA.
The analytical method for cyanide is EPA Method 9010. The method for EDTA is
ASTM Method D3113. Ammonia can be analyzed using EPA Wastewater Test Method

350.

(5) O0il and grease content. The oil and grease content of a

particular waste directly inhibits the settling of the precipitate. Suspended
0il droplets float in water and tend to suspend particles such as chemical
precipitates that would otherwise settle out of the solution. Even with the
use of coagulants or flocculants, the separation of the precipitate is less

effective. O0il and grease content can be measured by EPA Method 9071.

Design and Operating Parameters

The parameters that EPA will evaluate when determining whether a
chemical precipitation system is well designed are: (1) design value for
treated metal concentrations, as well as other characteristics of the waste
used for design purposes (e.g., total suspended solids), (2) pH, (3) residence

time, (4) choice of treatment chemical, and (5) choice of
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coagulant/flocculant. Below is an explanation of why EPA believes these
parameters are important to a design analysis; in addition, EPA explains why

other design criteria are not included in EPA's analysis.

(1) Treated and untreated design concentrations. EPA pays close

attention to the treated concentration the system is designed to achieve when
determining whether to sample a particular facility. Since the system will
seldom outperform its design, EPA must evaluate whether the design is consis-

tent with best demonstrated practice.

The untreated concentrations that the system is designed to treat
are important in evaluating any treatment system. Operation of a chemical
precipitation treatment system with untreated waste concentrations in excess

of design values can easily result in poor performance.

(2) pH. The pH is important, because it can indicate that suffi-
cient treatment chemical (e.g., lime) is added to convert the metal constitu-
ents in the untreated waste to forms that will precipitate. The pH also
affects the solubility of metal hydroxides and sulfides, and therefore
directly impacts the effectiveness of removal. In practice, the design pH is
determined by empirical bench testing, often referred to as "Jar"Atesting.
The temperature at which the "jar" testing is conducted is important in that
it also affects the solubility of the metal precipitates. Operation of a
treatment system at temperatures above the design temperature can result in

poor performance. In assessing the operation of a chemical precipitation
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system, EPA prefers continuous data on the pH and periodic temperature condi-

tions throughout the treatment period.

(3) Residence time. The residence time is important because it

impacts the completeness of the chemical reaction to form the metal precipi-
tate and, to a greater extent, amount of precipitate that settles out of
solutipn. In practice, it is determined by "jar" testing. For continuous
systems, EPA will monitor the feed rate to ensure that the system is operated
at design conditions. For batch systems, EPA will want information on the
design parameter used to determine sufficient settling time (e.g., total

suspended solids).

(4) Choice of treatment chemical. A choice must be made as to what

type of precipitating agent (i.e., treatment chemical) will be used. The
factor that most affects this choice is the type of metal constituents to be
treated. Other design parameters, such as pH, residence time, and choice of
coagulant/flocculant agents, are based on the selection of the treatment

chemical.

(5) Choice of coagulant/flocculant. This is important because

these compounds improve the settling rate of the precipitated metals and
allow for smaller systems (i.e., lower retention time) to achieve the same
degree of settling as a much larger system. In practice, the choice of the

best agent and the amount required is determined by "jar" testing.
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(6) Mixing. The degree of mixing is a compléx assessment which
includes, among other things, the energy supplied, the time the material is
mixed, and the related turbulence effects of the specific size and shape of
the tank. EPA will, however, consider whether mixing is provided and whether
the type of mixing device is one that could be expected to achieve uniform
mixing. For gxample, EPA may not use data from a chemical precipitation

treatment system where an air hose was placed in a large tank to achieve

mixing.
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4.0 PERFORMANCE DATA BASE

This section presents the data available to the Agency on the
treatment of refinery wastes KOUB-KO52. Data are available for the following
technologies: incineration, solvent extraction, pressure filtraﬁion, thermal
drying, stabilization, and chromium reduction follouéd by lime and sulfide
precipitation and vacuum filtration. Table 4-1 summarizes the performance
data base available to the Agency. EPA's use of these data to develop treat-
ment standards is discussed in Sectioﬁ 5.0 (Identification of BDAT) and

Section 7.0 (Calculation of Treatment Standards).

4.1 Incineration Performance Data Base

The Agency tested a fluidized bed incineration process at plant A
for treatment of KO48 and KO51. Prior to incineration at plant A, DAF float
(KO48) was mixed with waste biological sludge, and the mixture was dewatered
using two belt filter presses. The dewatered DAF float mixture and API
separator sludge (KO51) were separately injected into the fluidized bed for
combustion. Combustion gases with elutriated fly ash entered a cyclone for
particulate removal and were then treated in a scrubber system prior to
discharge to the atmosphere. Fluidized bed incinerator ash was collected from

the ash conveyer from the cyclone.

Tables 4-2 through 4-T7 at the end of this section present, by sampie

set, the BDAT List constituents detected in the untreated (dewatered DAF float



mixture and API separator sludge) and treated (fluidized bed incinerator ash)
wastes and the operating data from the fluidized bed incinerator %treatment

system.

The Agency also collected treatment performance data for X048-K052
wastewaters (sérubber water) from the fluidized bed incineration of KOu48 at
plant A. Untreated KO48 and scrubber water data are presented in Tables 4-8
through 4-13 at the end of this section. (At proposal, these scrubber water
data were not available to EPA and scrubber water data were transferred from

incineration of K019.)

Pilot-scale treatment performance data submitted from plant N for
pyrolysis treatment of KO48, KOU9, and KO51! included total waste concentration
data for the untreated waste and treated waste and TCLP data for the treated
waste. The submitted data from plant N are presented in Section F.8 of

Appendix F.

4.2 Solvent Extraction Performance Data Base

The Agency's performance data base for solvent extraction includes
total concentration data sets and TCLP extract concentration datavfrom
treatment of KOUB-K052 nonwastewaters. As discussed in Section 1.0, the
Agency is developing treatment standards for organic constituents based on the
total concentration of those constituents in the waste. The total waste

concentration data that were used in the development of BDAT treatment
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standards are presented at the end of this section in Tables 4-16, 4-18, and
4.19. Other data submitted to the Agency are presented in Appendix F. The
Agency's procedures for evaluation of treatment data are discussed in Section

5.0.

4.3 Pressure Filtration Performance Data Base

Treatment performance data for pressure filtration submitted from
plants B, C, D, and E included total waste concentration data for the
untreated wastes and the treated residuals. The total waste concentration
data that were compared with data from other technologies are presented at the
end of this section in Tables 4-14 and U4-15. Other data submitted to the

Agency are presented in Appendix F.

4.4 Thermal Drying Performance Data Base

Pilot-scale treatment performance data submitted from plant H for
the thermal drying technology included total waste concentration data for the
filter cakes and for the treated residuals. The submitted data from plant H

can be found in Section F.4 of Appendix F.

4.5 Stabilization Performance Data Base

The Agency tested incinerator ash from treatment of KOU48 and K051

wastes at plant A using a stabilization process at plant I. The stabilization
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process involves the addition of water and binder material to the incineratér
ash followed by mixing and a cure period. The process was run three times
using three different binders for a total of nine tests. The three types of
binder materials used were: Portland cement, kiln dust, and a lime and fly
ash mixture. At the end of the 28-day cure period for each test, TCLP was
performed on stabilized ash samples. Table U4-17 presents the analytical
results for BDAT List metals detected in the TCLP extracts of untreated
(incinerator ash) and treated (stabilized ash) wastes and the design and
operating data from the ash stabilization treatment system that were used in
the development of BDAT standards. Other data submitted to the Agency include
pilot-scale treatment pefformance data from three stabilization processes at

plant J. These data are presented in Appendix F.

4.6 Chromium Reduction Followed by Lime and Sulfide Precipitation and

Vacuum Filtration Performance Data Base

No data on the treatment of hexavalent chromium or other metals in
KOU8-K052 wastewaters are available to the Agency. The Agency determined that
treatment performance data for chromium reduction followed by lime and sulfide
precipitation and vacuum.filtration presented in the Envirite Onsite Engineer-
ing Report (Reference 27) from treatment of K062 and metal-bearing
characteristic wastes represent treatment of hexavalent chromium and metals in

wastewaters judged to be similar to wastewater forms of KO48-K052.
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Table 4-1

PERFORMANCE DATA BASE SUMMARY

TECHNOLOGY

Fluidized Bed
Incineration

Fluidized Bed
Incineration
Scrubber Water

Pressure Filtration
(Belt)

Pressure Filtration
(Belt)

Pressure Filtration
(Plate and Frame)

Pressure Filtration
(Plate and Frame)

Solvent Extraction
Solvent Extraction

"~ Thermal Drying

Thermal Drying

WASTE
PLANT CODES
CODE TREATED
A Kou48, K051
A Kous
B K051
C Unspecified
mixture of
refinery
wastes
D Kou48, Koig,
K051
E K051, K052
F KOUg9-K051
G KOuB-K0S2
Mixture
H KOu8-K0s52
H K051, K052

4-5

PILOT- OR
FULL-SCALE
Full-Scale

Full-Scale

Full-Scale

Full-Scale

Full-Scale

Full-Scale

Pilot-Scale

Full-Scale

Pilot-Scale

Pilot-Scale

LOCATION OF
DATA IN
BACKGROUND
DOCUMENT

Section 4.0
Tables 4-2 to U-7

Section 4.0
Tables 4-8 to 4-13

Appendix F
Section F.1

Section 4.0
Table 4-14

Section 4.0
Table 4-15

Appendix F
Section F.2

Appendix F
Section F.3

Section 4.0
Table 4-16

Appendix F
Section F.4

Appendix F
Section F.4



Table 4-1 (Continued)

PERFORMANCE DATA BASE SUMMARY

DATA
WASTE LOCATION IN
PLANT CODES PILOT- OR BACKGROUND
TECHNOLOGY ** CODE TREATED FULL-SCALE DOCUMENT
Stabilization I Kou8,K051 Pilot-Scale Section 4.0
Table 4-17
Stabilization J Unspecified Pilot-Scale Appendix F
Mixture Section F.5
Solvent Extraction K Kou8-K052 Pilot-Scale Appendix F
Mixture Section F.6
Solvent Ektraction L K051 Full-Scale Appendix F
, Section F.7
Solvent Extraction M Kou8-K052 Full-Scale Section 4.0
3-Cycle Mixture Table 4-18
Solvent Extraction M KOu48-K052 Full-Scale Section 4.0
Single-~Cycle Mixture Table U4-19
Pyrolysis N K048, KO49 Pilot-Scale Appendix F
K051 Section F.8
*Solvent Extraction 0o Appendix F
Section F.9

*The solvent extraction treatment performance information from plant O was
received too late for evaluation as part of the First Thirds Rule. EPA is
continuing to evaluate these data and could revise treatment standards if
warranted.

#%#The chromium reduction followed by lime and sulfide precipitation and vacuum
filtration data are presented in the Envirite Onsite Engineering Report
(References 2T7).
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Table 4-2

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR KQ48 AND K051
PLANT A-FLUIDIZED BED INCINERATION

Sample Set #1

Untreated Waste Treated Waste
Fluidized Bed
Koug® K051 Incinerator Ash
Concentration Concentration Concentration
Detected BDAT List mg/kg mg/kg mg/ kg
Organic Constituents (ppm) (ppm) (ppm)
VOLATILES
4. Benzene <14 <14 <2
21. Dichlorodifluoromethane 310 al <2
226. Ethyl benzene ) ug <2
38. Methylene chloride <70 <70 . <10
43. Toluene 120 . 50 3
47. Trichloroethene 1y <14 <2
215-217. Xylene (total) 120 80 ¢
SEMIVOLATILES
52. Acenaphthene <20 33 <0.2
59. Benz(a)anthracene <20 29 <0.2
70. Bis(2-ethylhexyl)phthalate <20 28 1.0
80. Chrysene 22 u6 <0.2
98. Di-n-butyl phthalate 67 150 <1.0
109. Fluorene 31 33 <0.2
121. Naphthalene 100 160 <0.2
141. Phenanthrene 85 120 <0.2
145, Pyrene 35 66 <0.2

®KO48 is a dewatered mixture of DAF float (KO48) and waste biosludge.
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Table 4-2 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR KO48 AND K051
PLANT A - FLUIDIZED BED INCINERATION

Sample Set #1 (Continued)

Untreated Waste Treated Waste
Fluidized Bed
Koug* K051 Incinerator Ash

Concentration Concentration Concentration TCLP
Detected BDAT List Metal mg/ kg mg/kg mg/kg mg/L
and Inorganic Constituents (ppm) (ppm) (ppm) (ppm)
154. Antimony <6 9 16 0.06
155. Arsenic _ 6.1 8.2 14 0.016
156. Barium 63 120 130 0.18
157. Beryllium <0.1 <0.1 <0.1 <0.001
158. Cadmium 0.6 1.6 2.4 <0.003
221. Chromium (hexavalent) <0.05 220 21 NA
159. Chromium (total) 890 730 1400 2.2
160. Copper 52 150 190 0.02
161. Lead Loo 940 9u0 <0.05
162. Mercury ' <0.02 0.19 <0.02 0.0003
163. Nickel 13 - 36 60 <0.02
164. Selenium : 10 1.6 <0.3 0.033
165. Silver <0.9 <0.9 <Y <0.009
167. Vanadium 430 260 690 2.8
168. Zinc 420 820 1000 0.079
INORGANICS
169. Total cyanide 0.7 0.8 <0.1
171. Sulfide 130 2900 <50

NA = Not Analyzed
#*KOU8 is a dewatered mixture of DAF float (KOU8) and waste biosludge.

€Colorimetric interference may have occurred in analysis of this sample.
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Table U4-2 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR KOU48 AND K051
PLANT A-FLUIDIZED BED INCINERATION

Sample Set #1 (Continued)

Operating Range

Nominal During Sampling
Design and Operating Parameters Operating Range Episode
Bed Temperature (F)+ 1200-1300 1213-12U40
(1400 max.)
Freeboard Temperature (F)+ 1250-1350 1240-1253
(1450 max.)
API Separator Sludge Feed Rate 0-24 22.3
(gpm)
Undewatered DAF Float Mixture 30-90 43
Feed Rate (gpm)
Constriction Plate Pressure 15-20 10.7-18.7
Differential (In. H0)+
Fluidized Bed Pressure 60-100 90.4-102.4
Differential (In. Hp0)+
02 (% Volume) NA 8.2-16.2
CO (ppm-Volume) 35-800 50-135
CO2 (% Volume) NA 2.2-9.0

+Strip charts for this parameter are included in Appendix E.

NA=Not applicable
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Table 4-3

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR KO48 AND K051
PLANT A - FLUIDIZED BED INCINERATION

Sample Set #2

Untreated Waste

Treated Waste

Concentration Concentration

Koug#

K051

Detected BDAT List
Organic Constituents

VOLATILES
4. Benzene

21. Dichlorodifluoromethane
226. Ethyl benzene

38. Methylene chloride

43. Toluene

47. Trichloroethene
215-217. Xylene (total)
SEMIVOLATILES

52. Acenaphthene

.59. Benz(a)anthracene

70. Bis(2-ethylhexyl)phthalate
80. Chrysene

98. Di-n-butyl phthalate
109. Fluorene

121. Naphthalene

141. Phenanthrene

145. Pyrene

mg/kg
(ppm)

a4
260
120
<70

22
<A1y
110

<20
<20
<20
<20
T4
31
110
79
31

mg/Kg
{ppm)

Q14
<1y
U6
<70
uy
<14
T

Fluidized Bed
Incinerator Ash
Concentration
mg/kg
(ppm)

«
<2
<2
<10
<2
<2
2

<0.
<0.
1.
<0.
<1.
<0.
<0.
<0.
<0,

MOV OPDONDN

#KO48 is a dewatered mixture of DAF float (KO48) and waste biosludge.



Table 4-3 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR KOU8 AND K051
PLANT A - FLUIDIZED BED INCINERATION

Sample Set #2 (Continued)

Untreated Waste Treated Waste
Fluidized Bed
Koug# K051 Incinerator Ash

’ Concentration Concentration Concentration TCLP
Detected BDAT List Metal mg/kg mg/kg mg/ kg mg/L
and Inorganic Constituents (ppm) (ppm) (ppm) (ppm)
METALS '
154. Antimony 7 <6 13 0.06
155. Arsenic 5.4 - 6.7 19 0.008
156. Barium 67 73 160 0.24
157. Beryllium <0.1 <0.1 <0.1 <0.001
158. Cadmium 0.7 1.3 3 <0.003
221. Chromium (hexavalent) <0.05 <0.05 24 NA
159. Chromium (total) 940 860 1500 2.6
160. Copper 55 150 240 0.02
161. Lead 390 670 1100 <0.05
162. Mercury 0.1 0.23 <0.02 <0.0002
163. Nickel 14 30 T4 <0.02
164. Selenium 9.9 1.1 <0.3 <0.02
165. Silver 0.9 0.9 4.0 <0.009
167. Vanadium 4s0 290 730 2.5
168. Zine us0 580 1100 0.086
INORGANICS )
169. Total cyanide <0.1 0.5 0.4
171. Sulfide 200 3600 <50

NA = Not analyzed

® KOU8 is a dewatered mixture of DAF float (KO48) and waste biosludge.



Table 4-3 (Con

tinued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR KO48 AND K051

PLANT A - FLUIDIZED BED INCINERATION

Sample Set #2 (Continued)

Design and Operating Parameters

Bed Temperature (F)+

Freeboard Temperature (F)+

API Separator Sludge Feed Rate

(gpm)

Undewatered DAF Float Mixture

Feed Rate (gpm)

Constriction Plate Pressure

Differential (In. Hy0)+
Fluidized Bed Pressure
Differential (In. H20)+

05 (% Volume)
CO (ppm-Volume)
CO> (% Volume)

+Strip charts for this parameter are

NA=Not applicable

Nominal

Operating Range

1200-1300
(1400 max.)
1250-1350
(1450 max.)
0-24

30-90

15-20

60-100
NA

35-800
NA

Operating Range
During Sampling
Episode

1227-1323
1253-1293
22.3
53
8.7-18.0
91.2-104.0
9.2-16.0

80-355
2.3-8.1

included in Appendix E.



Table U4-U

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR KOu48 AND K051
PLANT A - FLUIDIZED BED INCINERATION

Sample Set #3

Untreated Waste Treated Waste
Fluidized Bed
Koug* Kos1 Incinerator Ash
Concentration Concentration Concentration
Detected BDAT List mg/kg mg/kg : mg/kg
Organic Constituents (ppm) (ppm) (ppm)
VOLATILES
4. Benzene a1y <14 <2

21. Dichlorodifluoromethane <14 <14 <2

226. Ethyl benzene 33 52 <2

38. Methylene chloride <70 <70 <10

43. Toluene 59 42 <2

47. Trichloroethene <14 et <2
215-217. Xylene (total) 100 73 2
SEMIVOLATILES

52. Acenaphthene <20 <20 <0.2

59. Benz(a)anthracene <20 22 <0.2

70. Bis(2-ethylhexyl)

phthalate 20 30 <1.0

80. Chrysene 21 us <0.2

98. Di-n-butyl phthalate 160 200 <1.0

109. Fluorene 32 35 0.2

121. Naphthalene 110 150 <0.2

141, Phenanthrene 84 110 <0.2

145, Pyrene 33 62 <0.2

#*KOU8 is a dewatered mixture of DAF float (KOU8) and waste biosludge.



Table 4-4 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR KOu48 AND K051
PLANT A - FLUIDIZED BED INCINERATION

Sample Set #3 (Continued)

Untreated Waste Treated Waste
Fluidized Bed
Koug# K051 Incinerator Ash
Concentration Concentration Concentration TCLP
Detected BDAT List Metal mg/kg mg/kg mg/ kg mg/L
and Inorganic Constituents (ppm) (ppm) (ppm) (ppm)
METALS
154. Antimony <6 18 13 0.09
155. Arsenic 5.7 9.7 13 0.022
156. Barium A 68 10 140 0.17
157. Beryllium <0.1 <0.1 0.5 <0.001
158. Cadmium 0.4 1.5 2 <0.003
221. Chromium (hexavalent) <0.05 <0.05 23 NA
159. Chromium (total) 960 900 1300 2.1
160. Copper 56 160 200 0.02
161. Lead 410 790 1100 <0.05
162. Mercury 0.12 0.28 <0.02 <0.0002
163. Nickel 16 35 51 <0.02
164. Selenium 7.5 1.2 <0.3 0.085
165. Silver <0.9 <0.9 <Y <0.009
167. Vanadium u60 300 690 3.1
168. Zine ' U450 670 1000 0.087
INORGANICS
169. Total cyanide 0.1 <0.1 <0.1
171. Sulfide 2300 3200 <50

NA = Not Analyzed

# KOU8 is a dewatered mixture of DAF float (KO48) and waste biosludge.



Table 4-U4 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR KO48 AND KO51

Sample Set #3 (Continued)

PLANT A - FLUIDIZED BED INCINERATION

Design and Operating Parameters

Bed Temperature (F)+

Freeboard Temperature (F)+

APl Separator Sludge Feed Rate

(gpm)

Undewatered DAF Float Mixture

Feed Rate (gpm)

Constriction Plate Pressure

Differential (In. H20)+
Fluidized Bed Pressure
Differential (In. Hy0)+

02 (% Volume)
CO (ppm-Volume)
CO2 (% Volume)

+Strip charts for this parameter are included in Appendix E.

NA=Not analyzed
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Nominal
Operating Range

1200-1300
(1400 max.)
1250-1350
(1450 max.)

0-24
30-90
15-20
60-100

NA

35-800
NA

Operating Range
During Sampling
Episode

1227-1287
1253-1287
22.3-22.4
50
9.3-18.7
91.2-104.0
9.5-16.8

45-140
2.2-8.6



Table 4-5

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR KO48 AND K051
PLANT A-FLUIDIZED BED INCINERATION

Sample Set #4

Untreated Waste Treated Waste
Fluidized Bed
Koug# K051 Incinerator Ash
Concentration Concentration Concentration
Detected BDAT List mg/kg mg/kg mg/kg
Organic Constituents (ppm) (ppm) (ppm)
VOLATILES
4. Benzene <1y <14 <2
21. Dichlorodifluoromethane <14 <14 <2
226. Ethyl benzene : <14 50 <2
38. Methylene chloride . <70 <70 <10
43. Toluene 28 33 <2
47. Trichloroethene <14 <14 <2
215-217. Xylene (total) 79 72 ) 5.8
SEMIVOLATILES
52. Acenaphthene <20 <20 <0.2
59. Benz(a)anthracene <20 23 <0.2
70. Bis(2-ethylhexyl)phthalate 59 26 <1.0
80. Chrysene <20 48 <0.2
98. Di-n-butyl phthalate 190 170 <1.0
109. Fluorene 31 35 <0.2
121. Naphthalene 93 150 0.2
t41. Phenanthrene 77 120 <0.2
145, Pyrene 3 T4 <0.2

®KOU8 is a dewatered mixture of DAF float (KOU8) and waste biosludge.



Table 4-5 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR KOU48 AND KOS1
PLANT A - FLUIDIZED BED INCINERATION

Sample Set #4 (Continued)

Untreated Waste Treated Waste
Fluidized Bed
Koug# K051 Incinerator Ash

Concentration Concentration Concentration TCLP
Detected BDAT List Metal mg/kg mg/ kg mg/kg mg/L
and Inorganic Constituents (ppm) (ppm) (ppm) {ppm)
METALS
154. Antimony <6 15 17 0.06
155. Arsenie 4.9 7.5 14 0.015
156. Barium 61 92 180 0.25
157. Beryllium <0.1 <0.1 0.7 <0.001
158. Cadmium <0.3 1.4 2 <0.003
221. Chromium (hexavalent) <0.05 <0.05 24 NA
159. Chromium (total) 840 960 1600 2.3
160. Copper 49 140 20 0.0
161. Lead 340 690 1200 <0.05
162. Mercury 0.13 0.07 <0.02 0.0003
163. Nickel 14 37 80 <0.02
164. Selenium 8.7 0.9 <0.3 0.11
165. Silver <0.9 <0.9 <Y <0.009
167. Vanadium 390 320 790 2.7
168. Zinc 400 650 1100 0.086
INORGANICS :
169. Total cyanide 1 1.4 0.5
171. Sulfide 2500 4800 <50

NA = Not Analyzed

* KOU8 is a dewatered mixture of DAF float (KOU8) and waste biosludge.



.Table 4.5 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR KO48 AND KOS5!
PLANT A - FLUIDIZED BED INCINERATION

Sample Set #4 (Continued)

Operating Range

Nominal During Sampling
Design and Operating Parameters Operating Range Episode
Bed Temperature (F)+ 1200-1300 1200-1260
(1400 max.)
Freeboard Temperature (F)+ 1250-1350 1253-1273
(1450 max.) A
API Separator Sludge Feed Rate 0-24 22.3-22.4
(gpm)
Undewatered DAF Float Mixture 30-90 61
Feed Rate (gpm)
Constriction Plate Pressure 15-20 8.7-18.3
Differential (In. H20)+
Fluidized Bed Pressure 60-100 91.2-105.6
Differential (In. HZ0)+
02 (% Volume) NA 10.5-17.0
CO (ppm-Volume) - 35-800 40-340
CO2 (% Volume) NA _ 2.8-7.9

+Strip charts for this pabameter are included in Appendix E.

NAz=Not applicable



Table 4-6

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR KOQU8 AND K051
PLANT A-FLUIDIZED BED INCINERATION

Sample Set #5

Untreated Waste Treated Waste
Fluidized Bed
Koug# K051 Incinerator ash
Concentration Concentration Concentration
Detected BDAT List mg/Kg mg/kg mg/kg
Organic Constituents (ppm) (ppm) (ppm)
VOLATILES :
4. Benzene Q14 a1y <2
21. Dichlorodifluoromethane <1y <14 <«
226. Ethyl benzene 41 49 <2

38. Methylene chlorine <70 <70 <10

43. Toluene 41 34 &)

47. Trichlorocethene Al <14 <2
215-217. Xylene (total) 110 71 <2
SEMIVOLATILES

52. Acenaphthene <20 <20 <0.2

59. Benz(a)anthracene <20 24 <0.2

70. Bis(2-ethylhexyl)phthalate 21 28 <1.0

80. Chrysene 22 u7 <0.2

98. Di-n-butyl phthalate T4 230 <1.0
109. Fluorene 32 37 <0.2
121. Naphthalene 94 160 <0.2
141. Phenanthrene 83 120 <0.2
145. Pyrene 34 T4 <0.2

®KOY8 is a dewatered mixture of DAF float (KO48) and waste biosludge.
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Table U-6 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR KOU8 AND K051
PLANT A - FLUIDIZED BED INCINERATION

Sample Set #5 (Continued)

Untreated Waste Treated Waste
Fluidized Bed
Koug#* K051 Incinerator Ash

Concentration Concentration Concentration TCLP
Detected BDAT List Metal mg/ kg mg/ kg mg/kg mg/L
and Inorganic Constituents (ppm) (ppm) (ppm) (ppm)
METALS
154. Antimony , <b 9 16 0.06
165. Arsenic 5.5 8.3 13 0.022
156. Barium 59 10 180 0.20
157. Beryllium <0.1. <0.1 0.6 <0.001
158. Cadmium <0.3 1.7 ' 2 <0.003
221. Chromium (hexavalent) <0.05 <0,05 40 NA
159. Chromium (total) 810 1100 1600 2.4
160. Copper A u7 170 240 0.02
161. Lead 330 700 1300 <0.05
162. Mercury 0.16 0.31 <0.02 0.0003
163. Nickel 14 37 70 <0.02
164, Selenium 1 0.5 <0.3 0.12
165. Silver <0.9 1.4 Y4 <0.009
167. Vanadium 370 350 830 2.9
168. Zine 380 680 1100 0.07
INORGANICS
169. Total cyanide <0.1 <0.1 <0.1

171. Sulfide 2800 4000 <50

NA = Not Analyzed

®* KOU8 is a dewatered mixture of DAF float (KO48) and waste biosludge.
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Table 4-6 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR KOU48 AND K051
PLANT A - FLUIDIZED BED INCINERATION

Sample Set #5 (Continued)

Operating Range

Nominal During Sampling
Design and Operating Parameters Operating Range Episode
Bed Temperature (F)+ 1200-1300 1220-1253
(1400 max.)
Freeboard Temperature (F)+ 1250-1350 1253-1267
(1450 max.)
API Separator Sludge Feed Rate 0-24 22.3
(gpm)
Undewatered DAF Float Mixture 30-90 53
Feed Rate (gpm)
Constriction Plate Pressure 15-20 8.7-18.7
Differential (In. Hy0)+
Fluidized Bed Pressure 60-100 92.8-105.6
Differential (In. H0)+
02 (% Volume) NA 10.8-17.3
CO (ppm-Volume) 35-800 30-910
CO2 (% Volume) NA 2.8-7.5

+Strip charts for this parameter are included in Appendix E.

NA=Not applicable
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Table 4-7

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR KO48 AND KOS1
PLANT A-FLUIDIZED BED INCINERATION

Sample Set #6

Untreated Waste Treated Waste
Fluidized Bed
Koug#® K051 Incinerator Ash
_ Concentration Concentration Concentration
Detected BDAT List mg/kg mg/ kg mg/kg
Organic Constituents (ppm) (ppm) (ppm)
VOLATILES
4. Benzene 1y <14 <2
21. Dichlorodifluoromethane ol &L «
226. Ethyl benzene 49 52 <2
38. Methylene chloride <70 <70 A <10
U3, Toluene 34 " <2
47. Trichloroethene 1y ot 2
215-217. Xylene (total) <14 83 2
SEMIVOLATILES
§2. Acenaphthene <20 <20 <0.2
59. Benz(a)anthracene <20 25 <0.2
70. Bis(2-ethylhexyl)phthalate <20 <20 <1.0
80. Chrysene <20 51 <0.2
98. Di-n-butyl phthalate 130 43 <1.0
109. Fluorene N 36 <0.2
121. Naphthalene 98 170 <0.2
141, Phenanthrene 86 120 <0.2
2

145. Pyrene N 67 <0.

*K0oU8 is a dewatered mixture of DAF float (KO48) and waste biosludge.
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Table 4-7 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR KO48 AND K051

PLANT A - FLUIDIZED BED INCINERATION

Sample Set #6 (Continued)

Detected BDAT List Metal
and Inorganic Constituents

Untreated Waste

Treated Waste

Fluidized Bed

METALS
154, Antimony
185. Arsenic

156. Barium
157. Beryllium
158. Cadmium

221. Chromium (hexavalent)

159. Chromium (total)

160. Copper
161. Lead
162. Mercury
163. Nickel
164. Selenium
165. Silver
167. Vanadium
168. Zinc
INORGANICS

169. Total cyanide
171. Sulfide

NA = Not Analyzed

* K048 is a dewatered mixture of DAF float (KOU8) and waste biosludge.
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Koug® K051 Incinerator Ash
Concentration Concentration Concentration TCLP
mg/kg mg/kg mg/kg mg/L
(ppm) (ppm) (ppm) " (ppm)
{) { 15 0.07
5.4 5.4 16 0.025
61 72 180 0.21
<0.1 <0.1 <0.1 <0.001
0.4 1.2 3.1 <0.003

<0.05 <0.05 30 NA
830 840 1700 2.1
48 130 250 0.02
350 640 1100 <0.05
0.14 0.1 <0.02 <0.0002
13 26 73 0.03
1 0.9 <0.3 0.12
<0.9 <0.9 A4 <0.009
380 28 910 3.6
390 570 1200 0.1

0.9 0.6 0.5
360 3400 <50



Table 4-7 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR KO48 AND KO0S1
PLANT A - FLUIDIZED BED INCINERATION

Sample Set #6 (Continued)

Operating Range

, Nominal During Sampling
Design and Operating Parameters Operating Range Episode
Bed Temperature (F)+ 1200-1300 1220-1240Q
(1400 max.)
Freeboard Temperature (F)+ 1250-1350 1253-1267
(1450 max.)
API Separator Sludge Feed Rate 0-24 22.3
(gpm)
Undewatered DAF Float Mixture 30-90 61
Feed Rate (gpm) ,
Constriction Plate Pressure 15-20 10.0-18.0
Differential (In. H30)+
Fluidized Bed Pressure 60-100 92.8-105.6
Differential (In. HZ0)+
02 (% Volume) NA 10.8-16.0
CO (ppm-Volume) 35-800 50-770
CO2 (% Volume) NA 5.7-7.7

+Strip charts for this parameter are included in Appendix E.

NA=Not applicable
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Table‘M-B

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR KOu8
PLANT A - FLUIDIZED BED INCINERATOR SCRUBBER WATER

Sample Set #1

Detected BDAT List
Organic Constituents

VOLATILES
4. Benzene
226. Ethylbenzene
43. Toluene
215-
217. Xylene (total)

SEMIVOLATILES

~ 80. Chrysene
109. Fluorene

121. Naphthalene

141, Phenanthrene

145, Pyrene

Detected BDAT List
Metal Constituents

154, Antimony
155. Arsenic

156. Barium
157. Beryllium
158. Cadmium

159. Chromium (total)
221. Chromium (hexavalent)

160. Copper
161. Lead
162. Mercury
163. Nickel

164, Selenium
167. Vanadium
168. Zinc

---Hexavalent chromium could not be analyzed due to colorimetric

interferences.

Untreated
Koug#
Concentration

mg/kg
(ppm)

1
U6
130

170

46
<0.66
321
166

79

5.0
3.9
47.0
0.84
<0.4
190.0
30.0
180
<0.05
11.0
5.5
230.0
280.0

Scrubber
Water
Concentration
mg/L
(ppm)

<0.0041
<0.0040
<0.0040

<0.0040

<0.010
<0.010
<0.010
<0.010
<0.010

<0.034
0.32

0.004
0.009

o

o -

OWw — — N
. NOs o o -«
O\I\O\Ol::’r-'ww\o

0 ~3 0

*KOU8 is a dewatered mixture of DAF float (KO48) and waste biosludge.
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Table 4-8 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR KO48
PLANT A - FLUIDIZED BED INCINERATOR SCRUBBER WATER

Sample Set #1
Untreated Scrubber
Kougs Water
Concentration Concentration
Detected BDAT List mg/kg mg/L
Inorganic Constituents (ppm) ' (ppm)
169. Cyanide <0.6 ——-
170. Fluoride 5.3 0.32
171. Sulfide 880 2.0
Physical Parameters
Total Solids ' 120,000 7,700

---Data were not available for this constituent.
#KOU8 is a dewatered mixture of DAF float (KO48) and waste biosludge.
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Table 4-9

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K0u8
PLANT A - FLUIDIZED BED INCINERATOR SCRUBBER WATER

Sample Set #2

Detected BDAT List
Organic Constituents

VOLATILES
U. Benzene
226. Ethylbenzene
43. Toluene
215-
217. Xylene (total)

SEMIVOLATILES

80. Chrysene
109. Fluorene
121. Naphthalene
141, Phenanthrene
145, Pyrene

Detected BDAT List
Metal Constituents

154, Antimony

155. Arsenic

156. Barium

157. Beryllium

158. Cadmium

159. Chromium (total)

221, Chromium (hexavalent)

160. Copper
161. Lead

162. Mercury
163. Nickel

164. Selenium
167. Vanadium
168. Zine

Untreated Scrubber
Koug» Water
Concentration Concentration

mg/Kg mg/L
(ppm) (ppm)
14 <0.0041
43 ' <0.0040
140 <0.0040
150 <0.00u40
42 <0.010
<0.66 <0.010
300 <0.010
160 <0.010
70 <0.010
4.7 0.094
2.9 0.39
us.0 4.7
0.81 0.015
<0.4 0.039
190.0 24.0
-——- 1.6
28.0 4.3
180 10.0
0.1 0.0032
9.7 1.2
5.2 0.6
230.0 29.0
270.0 33.0

---Hexavalent chromium could not be analyzed due to colorimetric

interferences.

®*KOU8 is a dewatered mixture of DAF float (KO48) and waste biosludge.
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Table 4-9 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR KOu8
PLANT A - FLUIDIZED BED INCINERATOR SCRUBBER WATER

Sample Set #2

Untreated Scrubber
Koug® Water
Concentration Concentration
Detected BDAT List mg/ kg mg/L
Inorganic Constituents (ppm) (ppm)
169. Cyanide 7.9 -—-
170. Fluoride 8.9 0.28
171. Sulfide 830 2.0
Physical Parameters
Total Solids ‘ 280,000 5,400

---Data were not available for this constituent.
#KOU8 is a dewatered mixture of DAF float (KOU8) and waste biosludge.
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Table 4-10

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR KO48
PLANT A - FLUIDIZED BED INCINERATOR SCRUBBER WATER

Sample Set #3

Untreated Scrubber
Koug# Water
Concentration Concentration
Detected BDAT List mg/kg mg/L
Organic Constituents (ppm) (ppm)
VOLATILES
4, Benzene 16 <0.0041
226. Ethylbenzene U5 <0.0040
43. Toluene 150 <0.0040
215-
217. Xylene (total) 160 <0.0040
SEMIVOLATILES
80. Chrysene 59 <0.010
109. Fluorene 49 <0.010
121. Naphthalene 290 <0.010
141, Phenanthrene 170 <0.010
145, Pyrene 91 <0.010
Detected BDAT List
Metal Constituents
154, Antimony 4.y NS
155. Arsenic 3.5 0.22
156. Barium 43.0 NS
157. Beryllium 0.79 NS
158, Cadmium <0.4 NS
159. Chromium (total) 180.0 NS
221. Chromium (hexavalent) <0.4 1.2
160. Copper 27.0 NS
161. Lead 180 9.0
162. Mercury 0.1 <0.002
163. Nickel 9.5 NS
164. Selenium 5.7 0.19
167. Vanadium 220.0 NS
168. Zinc 260.0 NS

NS = Sample aliquot was not sufficient for analysis.

®KOU8 is a dewatered mixture of DAF float (KOU8) and waste biosludge.
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Table 4-10 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR KOQu8
PLANT A - FLUIDIZED BED INCINERATOR SCRUBBER WATER

Sample Set #3

Untreated Scrubber
Kougs Water
Concentration Concentration
Detected BDAT List mg/ kg mg/L
Inorganic Constituents (ppm) (ppm)
169. Cyanide 2.6 .-
170. Fluoride 5.5 0.28
171. Sulfide - 700 2.0
Physical Parameters
Total Solids 180,000 : 5,200

 ---Data were not available for this constituent.
K048 is a dewatered mixture of DAF float (KO48) and waste biosludge.
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Table U4-11

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K048

PLANT A - FLUIDIZED BED INCINERATOR SCRUBBER WATER

Sample Set #4

Detected BDAT List
Organic Constituents

VOLATILES
4. Benzene

226. Ethylbenzene
43. Toluene

215-

217. Xylene (total)
SEMIVOLATILES

80. Chrysene
109. Fluorene
121. Naphthalene
141. Phenanthrene
145, Pyrene

Detected BDAT List
Metal Constituents

154,
155.
156.
157.
158.
159.
221.
160.
161.
162.
163.
164.
167.
168.

---Hexavalent chromium could not be analyzed due to colorimetric
interferences,

Antimony

Arsenic

Barium
Beryllium
Cadmium
Chromium (total)
Chromium (hexavalent)
Copper

Lead

Mercury

Nickel

Selenium
Vanadium

Zine

Untreated

Koug#

Concentration

mg/ kg
{ppm)

14
46
140

170

55

310
186
88

Ew &
O - &=

uy,
0.8
<0.4
180.0
27.0
170
0.18
9.7
5.3
230.0
260.0

Serubber
Water

Concentration

mg/L
{ppm)

<0.
<0.
<0.

<0

<0.
<0.

<0
<0

oou
oouo
oouo

.0040

010
010

.010
.010
<0.

010

0.085

0

.23

0.008

0.

<0.

N = =
O oW

017

002

0.52
13.0
14.0

*K0U8 is a dewatered mixture of DAF float (KOU8) and waste biosludge.
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Table 4-11 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K048
PLANT A - FLUIDIZED BED INCINERATOR SCRUBBER WATER

Sample Set #U

Untreated Scrubber
Koug# Water
Concentration Concentration
Detected BDAT List mg/kg mg/L
Inorganic Constituents (ppm) (ppm)
169. Cyanide 1.1 ——-
170. Fluoride 10.0 0.23
171. Sulflide 760 3.0
Physical Parameters
Total Solids 2,000 : 5,400

---Data were not available for this constituent.
#*KOU8 is a dewatered mixture of DAF float (KOUB) and waste biosludge.
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TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR KOu48
PLANT A - FLUIDIZED BED INCINERATOR SCRUBBER WATER

Table 4-12

Sample Set #5

Detected BDAT List
Organie Constituents

VOLATILES
4. Benzene

226. Ethylbenzene
43. Toluene
215-
217. Xylene (total)
SEMIVOLATILES

80. Chrysene
109. Fluorene
121. Naphthalene
141, Phenanthrene
145, Pyrene

Detected BDAT List
Metal Constituents

154,
155.
156.
157.
158.
159.
221,
160.
161.
162.
163.
164,
167.
168.

---Hexavalent chromium could not be analyzed due to colorimetric

Antimony
Arsenic
Barium
Beryllium

.Cadmium

Chromium (total)
Chromium (hexavalent)
Copper

Lead

Mercury

Nickel

Selenium

Vanadium

Zine

interferences.
®KOU8 is a dewatered mixture of DAF float (KOU8) and waste biosludge.

Concentration

Untreated

Koug®

4-33

mg/kg
(ppm)

15
42
150

150

<0.66

350
190
93

Scrupber

Water

Concentration

mg/L
(ppm)

<0.0041
<0.0040
<0.0040

<0.0040

<0.010
<0.010
<0.010
<0.010
<0.010

0.085

0.22

2.2
0.006
0.015

W — — =3
OrEN—-Ww

<0.0

0.39
0.44
11.0
12.0



Table U4-12 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K048
PLANT A - FLUIDIZED BED INCINERATOR SCRUBBER WATER

Sample Set #5

Untreated Scrubber
Kougs Water
Concentration Concentration

Detected BDAT List mg/kg mg/L
Inorganic Constituents (ppm) (ppm)
169. Cyanide <0.6 ———
170. Fluoride 16.0 0.24
171, Sulfide 1,200 2.0
Physical Parameters
Total Solids : 170,000 5,300

---Data were not available for this constituent.
#*KOU8 is a dewatered mixture of DAF float (KO48) and waste biosludge.
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TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR KOu8
PLANT A - FLUIDIZED BED INCINERATOR SCRUBBER WATER

Table 4-13

Sample Set #6

Detected BDAT List
Organic Constituents

VOLATILES

4. Benzene
226. Ethylbenzene
43. Toluene
215-
217. Xylene (total)
SEMIVOLATILES
80. Chrysene
109. Fluorene
121. Naphthalene
141. Phenanthrene
145. Pyrene

Detected BDAT List
Metal Constituents

154.
155.
156.
157.
158.
159.
221,
160.
161.
162.
163.
164.

167.

168.

---Hexavalent chromium could not be analyzed due to colorimetric

Antimony

Arsenic

Barium
Beryllium
Cadmium
Chromium (total)
Chromium (hexavalent)
Copper

Lead

Mercury

Nickel

Selenium
Vanadium

Zine

interferences.
*K0U8 is a dewatered mixture of DAF float (KOU8) and waste biosludge.

Untreated
Koug»
Concentration

mg/kg
(ppm)

13
45
140

170

49
52
310
190
82

5.6
230.0
260.0

4-35

Scrubber
Water
Concentration
mg/L
(ppm)

<0.0041
<0,0040
<0,0040

<0.0040

<0.010
<0.010
<0.010
<0.010
<0.010

.16
31
.06
.039
.004
6.7
141
1.9
12
<0.002
0.38
0.64
16.0
10.0

OO MNOO



Table 4-13 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR KOu48
PLANT A - FLUIDIZED BED INCINERATOR SCRUBBER WATER

Sample Set #6

Untreated Scrubber
Kougs= Water
Concentration Concentration
Detected BDAT List mg/kg mg/L
Inorganic Constituents (ppm) (ppm)
169. Cyanide 4.5 ——-
170. Fluoride 22.0 0.25
171. .Sulfide 330 <1.0
Physical Parameters
Total Solids 240,000 8,600

--=-Data were not available for this constituent.
#KOU8 is a dewatered mixture of DAF float (KO48) and waste biosludge.
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Table 4-14

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY
(SPECIFIC WASTE CODES NOT REPORTED)
PLANT C - PRESSURE FILTRATION (BELT FILTER PRESS)

Treated Waste

Untreated Waste® Filter Cake
mg/ kg mg/ kg
Detected BDAT List Constituents+ {ppm) (ppm)
VOLATILES ,
4, Benzene 2,100 41
226. Ethyl benzene 1,300 33
34. Methyl ethyl ketone <390 - <12
43. Toluene 6,300 190
215-217. Xylene (total) 5,900 219
SEMIVOLATILES
S7. Anthracene , 22 . 18
59. Benz(a)anthracene 17 <8
62. Benzo(a)pyrene : 9.4 <8
63. Benzo(b)fluoranthene 6.3 <8
70. Bis(2-ethylhexyl)phthalate 4.2 <8
80. Chrysene 19 10
81. o-Cresol 2 <0.04
82. p-Cresol 2 1.30
83. Dibenz(a,h)anthracene 4 3.9 <8
96. 2,4-Dimethylphenol <10 0.70
108. Fluoranthene 9.2 8
121. Naphthalene 180 94
141. Phenanthrene 240 120
142. Phenol <2 0.90
145, Pyrene 59 30
METALS mg/Kg TCLP mg/L
155. Arsenic 0.2 <0.1
156. Barium 120 1.0
158. Cadmium <0.5 <0.02
159. Chromium (total) 150 <0.025
161. Lead 30 " <0.1
162. Mercury ' 0.09 NA
163. Nickel 7 6
164. Selenium 0.4 <0.3
165. Silver ~—- <0.02

*The untreated waste consists of petroleum refinery wastes.

-~- Data were not available for this constituent.

+Analyses were not performed for all BDAT List organic and metal constituents.
BDL = Below detection limit.

NA Not analyzed.
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Table 4-14 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY
(SPECIFIC WASTE CODES NOT REPORTED)
PLANT C - PRESSURE FILTRATION (BELT FILTER PRESS)

Design and Operating Parameters Operating Range®*
Sludge feed rate (gpm) 61-75 .
Washwater feed rate (gpm) _ 100
Washwater pressure (psig) 96
Feed temperature (°F) 85
Polymer solution concentration (wt%) 1.5
Polymer solution feed rate (gph) 225-230
Belt tension

Top Belt (psig) 11

Bottom Belt (psig) 12

"Design values were not presented in the API report.
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Table 4-15

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY
FOR KO48, KO49, AND KOS51
PLANT D - PRESSURE FILTRATION (PLATE FILTER PRESS)

Untreated Waste® Treated Waste
Filter Cake
mg/Kkg mg/Kg
Detected BDAT List Constituents+ (ppm) (ppm)
VOLATILES
4. Benzene 530 89
226. Ethyl benzene 1,100 340
34. Methyl ethyl ketone <1,500 <850
43, Toluene : 1,500 370
215-217. Xylene (total) 4,000 1,120
SEMIVOLATILES
57. Anthracene - 29 9.4
59. Benz(a)anthracene 18 7.7
62. Benzo(a)pyrene 11 3.8
63. Benzo(b)fluoranthene . 8 2.6
70. Bis(2-ethylhexyl)phthalate <2 <1
80. Chrysene 30 12
81. o-Cresol <2 <1
82. p-Cresol ) 2 <\
83. Dibenz(a,h)anthracene 2 1.2
96. 2,4-Dimethylphenol ) <2 <1
108. Fluoranthene 10 <1
121. Naphthalene 490 160
141. Phenanthrene 210 51
142. Phenol <2 <1
145. Pyrene 95 27
METALS mg/kg TCLP mg/L
155. Arsenic 1.2 0.008
156. Barium . 21 . 0.82
158. Cadmium <0.5 <0.02
159. Chromium (total) 150 <0.025
161. Lead 8.2 <0.1
162. Mercury <0.05 <0.001
164. Selenium <1 <0.004
165. Silver ——— <0.01

*The untreated waste is a mixture of KOU48, KOU9, K051, and miscellaneous oily
materials.

--- Data were not available for this constituent.

+Analyses were not performed for all BDAT List organic and metal constituents.
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Table 4-15 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY
FOR K048, KO49, AND K051
PLANT D - PRESSURE FILTRATION (PLATE FILTER PRESS)

Design and Operating Parameters Operating Range®
Fill time** (min) 12
Filtration time (min 225

Cake release time (min) 20

Plate Filter Press temperature (°F) 145

Final Feed Pressure (psig) 210

Lime Dosage (% of total sludge feed) 2.5

Type of filter cloth satin weave nylon

*Design values were not presented in the API report.

%%\t sludge feed rate of 565 gpm.
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Table U4-16

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR KOU8-K0S52 MIXTURE
PLANT G - SOLVENT EXTRACTION

Untreated Waste Treated Waste
Kou8-K0s52*
Detected BDAT List Concentration Solids Concentration TCLP
Organic Constituents mg/kg (ppm) mg/kg (ppm) mg/L (ppm)
VOLATILES
222. Acetone NA 2.5
3.8
4, Benzene NA 0.28
0.49
226. Ethylbenzene NA 5.0
6.4
43, Toluene NA 9.0
9.2
47. Trichloroethene NA 0.32
2.4
215- Xylene (total) NA 35
217. 35
SEMIVOLATILES
70. Bis(2-ethylhexyl)- 3 6.6
phthalate U9 5.2
< 5.5
<7
80. Chrysene . 4.7 <19
4.5 A7
5.6 <20
<7

*Unspecified mixture of refinery wastes.

NA = Not analyzed.
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Table U4-16 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR KOu8-K052 MIXTURE

Detected BDAT List
Organic Constituents

VOLATILES (Cont.)

87.

108.

109.

121.

141,

142.

o-Dichlorobenzene

Fluoranthene

Fluorene

Naphthalene

Phenanthrene

Phenol

Untreated Waste

Kou8-Kos2%
Concentration

mg/kg (ppm)

3.

<3
<3
<3

3.

<3
<3
<3

3.
4,

<l
<7

22
28
30
22

13
13
16
17

4,

3
<l
<7

3

[\S I —

MUnspecified mixture of refinery wastes.

NA = Not analyzed.

442

PLANT G - SOLVENT EXTRACTION

Treated Waste

Solids Concentration
mg/kg (ppm)

<19
<17
<20

<19
<17
<20

<19
<17
20

Q17
<20

<19
A7
<20

[AV IV
W =N

TCL?
mg/L (ppm)



Table 4-16 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR KO48-K052 MIXTURE
PLANT G - SOLVENT EXTRACTION

Untreated Waste Treated Waste
KO48-K052%
Detected BDAT List Concentration Solids Concentration TCLP
Organic Constituents mg/kg (ppm) mg/kg (ppm) mg/L (ppm)
VOLATILES (Cont.)
145, Pyrene <3 <19
<3 <17
3.6 <20
<3
Detected BDAT List
Metal Constituents
156. Barium 210 554 <0.03
190 585 : <0.03
250 516 <0.05
260 549 <0.05
320 105 <0.05
160 140 <0.05
270 321 <0.05
370 190 <0.05
310 578 <0.05
220 416
360 583
200
180
200
160
230
180

®*Unspecified mixture of refinery wastes.

NA = Not analyzed.
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Table U4-16 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR KO48-K052 MIXTURE
PLANT G - SOLVENT EXTRACTION

Untreated Waste Treated Waste
Kou8-K052*
Detected BDAT List Concentration Solids Concentration TCLP
Metal Constituents (Cont.) mg/kg (ppm) mg/kg (ppm) mg/L (ppm)
158. Cadmium 0.7 NA NA
<0.5
159. Chromium (total) 6.2 19 <0.05
5 19 <0.05
6 19 <0.1
6 18 <0.1
7 20 <0.1
5. 18 <0.1
7 21 <0.1
7 22 <0.1
7 23 <0.1
5 24
7 26
7
6.
7
6
6
5
160. Copper 23 103 <0.03
23 101 <0.03
24 112 <0.06
24 105 <0.06
P} 115 <0.06
21 100 <0.06
25 134 <0.06
30 114 <0.06
27 112 <0.06
21 136
27 37
29
26
2u
24
23
24

*Unspecified mixture of refinery wastes.
NA = Not analyzed.
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Table U-16 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR KOHB-KOSZ MIXTURE
PLANT G - SOLVENT EXTRACTION

Untreated Waste Treated Waste
KOu8-K052*
Detected BDAT List Concentration Solids Concentration TCLP
Metal Constituents (Cont.) mg/kg (ppm) mg/kg (ppm) mg/L_ (ppm)
161. Lead 2,700 18,800 5.9
2,700 18,800 5.2
4,000 21,300 11.0
3,100 20,000 4,2
- 3,600 24,700 4.0
2,200 21,300 4.0
3,400 ' 15,100 k.9
4,300 23,200 12.0
3,700 31,100
2,800 27,300
4,100 29,300
3,300
3,200
2,900
2,700
2,900
3,200
162. Mercury <0.05 <0.001 0.007
0.002
<0.001
164, Selenium <4 <0.004 0.008
<8 0.020
<0.04
<0.008
<0.04
<0.04
<0.04
<0.04
<0.04
<0.08

#*Unspecified mixture of refinery wastes.

NA = Not analyzed.
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Table 4-16 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR KOu8-K052 MIXTURE
PLANT G - SOLVENT EXTRACTION

Untreated Waste Treated Waste
Kou8-K052%
Detected BDAT List Concentration Solids Concentration TCLP
Metal Constituents (Cont.) mg/kg (ppm) mg/kg (ppm) mg/L (ppm)
167. Vanadium 2 NA NA
<1
168. Zinc : -~ 310 990 22
280 862 21
300 902 22
300 839 22
320 1,030 25
270 930 25
310 1,210 26
330 972 30
310 1,040 33
280 1,240
350 1,260
330
320
310
300
280
300

*Jnspecified mixture of refinery wastes.

NA = Not analyzed.
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Table U4-16 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR KOu8-K052 MIXTURE
PLANT G - SOLVENT EXTRACTION

Untreated Waste Treated Waste
KOUB8-K0s52#%
Detected BDAT Concentration Solids Concentration TCLP
List Constituents (Cont.) mg/kg (ppm) mg/kg (ppm) mg/L (ppm)
PCBs
203. Aroclor 1242 5.1 0.37
2.7 <0.00086
4.8 <0.00083
2.1
4.1
3.9
1.8
3.2
3.7
1.3
.6
4.9
3.8
3.4
3.4
8.7
8.4
206. Aroclor 1260 3.5 <0.04
1.9 <0.005
2.9 <0.0017
1.4
1.9
1.8
1.5
1.8
1.8
0.55
2.3
2.3
2.0
1.4
2.2
2.6
3.0

*Unspecified mixture of refinery wastes.
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Table 4-17

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR KO48 AND K051

PLANT I - STABILIZATION OF INCINERATOR ASH

Untreated Waste

Treated Waste

TCLP Extracts of Stabilized Fluidized Bed Incinerator Ash

Detected TCLP Extracts
BDAT List of KOUB and

Metal K051 Inciner-
Constituents ator Ash
154, Antimony 0.06-0.09
155. Arsenic 0.008-0.025
156. Barium 0.17-0.25
157. Beryllium 0.001
158. Cadmium <0.003
159. Chromium

(total) 2.1-2.6

221. Chromium
(hexavalent) NA

160. Copper 0.02

161. Lead <0.05

162. Mercury 0.0002-0.0003
163. Nickel 0.02-0.03

164. Selenium 0.033-0.12

165. Silver <0.009
166. Thallium NA
167. Vanadium 2.5-3.6
168. Zinc 0.055-0.11

NA = Not analyzed.

Cement Binder

Kiln Dust Binder

Lime and Fly Ash Binder

Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 Run 1 Run 2 Run 3

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

(ppm) (ppm) (ppm) (ppm) (ppm) (ppm)  (ppm) (ppm) (ppm)
<0.163 <0.163 <0.163 <0.163 0.178 <0.163 <0.163 <0.163 <0.163
<0.004 <0.004 <0.004 0.005 0.005 0.005 <0.004 <0.004 0.006
0.277 0.28 0.278 0.203 0.2 0.204 0.558 0.524 0.599
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.00i
<0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
2.11 2.12 2.16 1.78 1.92 1.87 1.13 1.21 1.08
0.415 0.326 2.47 0.38 0.395 2.13 0.331 0.259 0.07
<0.003 <0.003 0.015 <0.003 <0.003 <0.003 <0.003 <0.003 0.006
<0.006 <0.006 0.01 0.02 0.009 <¢0.006 <0.006 <0.006 <0.006

NA NA NA NA NA NA NA NA NA
<0.018 <0.018 <0.018 <0.018 <0.018 <0.018 <0.018 <0.018 <0.018
0.025 0.022 0.024 0.044 0.043 0.04 0.013 0.016 0.017
<0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006
<0.001 0.009 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
1.4 1.21 1.29 1.53 1.64 1.56 0.148 0.149 0.156
0.058 0.047 0.086 0.048 0.042 0.031 0.02 0.022 0.052
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Table 4-17 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR KOU8 AND K051
PLANT 1 - STABILIZATION OF INCINERATOR ASH

Stabilization Process

Design and Cement Kiln Dust Lime and Fly Ash

Operating Parameters Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 Run 1 Run 2 Run 3
Binder to Ash Ratio 0.2 0.2 0.2 0.2 0.2 0.2 NP NP NP
Lime to Ash Ratio , NP NP NP NP NP NP 0.2 0.2 0.2
Fly Ash to Ash Ratio NP NP NP NP NP NP 0.2 0.2 0.2
Water to Ash Ratio 0.5 0.5 - 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Ambient Temperature (°C) 23 23 23 19  19.5 20 19 19 19
Mixture pH . 11.6 11.5 1.5 12.1 12.1 12.1 12.0 12.1 12.1
Cure Time (Days) 28 28 28 28 28 28 28 28 28
Un?ggfizs? Compressive Strength 943.5 921.6 1270 222.8 267.7 241.0 565.8 512.6 578.8

NP = Not applicable.



Table 4-18

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR KOU8-K052 MIXTURE
PLANT M - SOLVENT EXTRACTION (Three-Cycle Process)

Detected BDAT List
Organic Constituents

VOLATILES

4, Benzene

226. Ethylbenzene

43, Toluene

215~ Xylene (total)
217.

Untreated Waste

KouB8-K0s52*
Concentration

mg/kg (ppm)

130
120

150
190
180

100
97
76

100

120

110

310
280
230
360
470
4oo

500
490
420
540
570
550

*Unspecified mixture of refinery wastes.
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Treated Waste

Solids Concentration
mg/kg (ppm)

<2
<2
2
<5
<2
6

<10

<5.0
<25

<5.0
<30

2
<2
<2
<5
2
143

2u6
223
237
30
118.8
607

TCLP
mg/L (pom)



Table 4-18 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR KOu8-K052 MIXTURE
PLANT M - SOLVENT EXTRACTION (Three-Cycle Process)

Detected BDAT List
Organic Constituents

SEMIVOLATILES

57. Anthracene

59. Benz(a)anthracene

62. Benzo(a)pyrene

Untreated Waste

Treated Waste

KOu8-K052*
Concentration Solids Concentration TCLP
mg/kg (ppm) mg/kg (ppm) mg/L (pom)
<21 2.0
<20 2.0
<20 <5.0
<20 2.0
<19 <2.0
<20 2.0
<2.0
<2.0
21 1.20
<20 0.700
<20 0.7
<20 <0.70
21 <0.70
<20 1.1
0.92
0.89
21 0.750
<20 <0.60
<20 <0.60
<20 <0.60
<19 <0.60
<20 0.75
0.66
o.M

®Unspecified mixture of refinery wastes.
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Table 4-18 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR'KOHS-KOSZ MIXTURE
PLANT M - SOLVENT EXTRACTION (Three-Cycle Process)

Detected BDAT List
Organic Constituents

SEMIVOLATILES (Cont.)

70. Bis(2-ethylhexyl)-
phthalate

80. Chrysene

83. Dibenz(a,h)anthracene

Untreated Waste

KOougd-K052*
Concentration

mg/kg (ppm)

21
<20
<20
<20
<19
<20

23
24
21
<20
33
<20

<21
<20
<20
<20
<19
<20

*Unspecified mixture of refinery wastes.
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Treated Waste

Solids Concentration
mg/kg (ppm)

<0.

w
(=]

A .
. e

<0.
<0.
<0.
<0.
<0.
<0.

AAAAA
[eNeNeNeNel¥ o
€0 0o 00 00 00 \O

(]

80

TCLP
mg/L_(pom)



Table 4-18 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR KO48-K052 MIXTURE
PLANT M - SOLVENT EXTRACTION (Three-Cycle Process)

Detected BDAT List
Organic Constituents

SEMIVOLATILES (Cont.)

98. Di-n-butyl phthalate

121. Naphthalene

141. Phenanthrene

Untreated Waste

KOug8-Ko52*
Concentration

mg/kg (ppm)

21
<20
<20
<20
<19
<20

120
110

56
140
57

140
140
120
6u
140
6u

*Unspecified mixture of refinery wastes.
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Treated Waste

Solids Concentration
mg/kg (ppm)

<0

.80
<0.
<0.
<0.
<0.
<0.
<0.
<0.

oomooooooonoon

280.0

18.

200

60
110
200

N —
a O
[eNe]

WWW — =W~
~N O FULWwo

o

.70
.10

TCLP
mg/L (pom)



Table 4-18 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR KO48-K052 MIXTURE
PLANT M - SOLVENT EXTRACTION (Three-Cycle Process)

Untreated Waste Treated Waste
KOu8-K0s52#*
Detected BDAT List Concentration Solids Concentration TCL?
Organic Constituents mg/kg (ppm) mg/kg (ppm) mg/L {(com)
SEMIVOLATILES (Cont.)
145, Pyrene : 34 1.50
28 0.90
33 0.9
<20 <0.8
36 0.8
<20 1.3
1.5
0.9
81. o-Cresol <10 <0.80
<10 <0.80
<10 <0.8
<10 <0.8
<10 <0.8
<10 <0.8
<0.8
<0.8
82. p-Cresol <10 <0.80
<10 , <0.80
<10 <0.8
<10 0.9
<10 <0.8
<10 <0.8
<0.8
<0.8
142. Phenol . <10 2.0
<10 2.0
<10 <0.8
<10 <0.8
<10 <0.8
<10 <0.8
<0.8
<0.8

*Unspecified mixture of refinery wastes.
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Table U4-i8 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR KOuU8-K052 MIXTURE
PLANT M - SOLVENT EXTRACTION (Three-Cycle Process)

Untreated Waste Treated Waste
Koug8-Kos2*
Detected BDAT List Concentration Solids Concentration TCLP
Metals Constituents mg/kg (ppm) mg/kg (pom) mg/L (oom)
154. Antimony <0.1 10 -—-
<0.1 12
<0.1 6
<0.1 5
<0.1 <10
<0.1 8
155. Arsenic 0.2 4.1 0.005
<0.2 13 <0.003
<0.2 12 <0.003
<0.2 10 <0.003
<0.2 12 0.012
<0.2 1 0.010
0.005
<0.003
156. Barium 1.7 710 -——-
2.3 790
1.9 730
2.3 720
2.4 760
2.3 800
157. Beryllium <0.002 0.3 -—-
<0.002 0.2
<0.002 0.2
<0.002 0.2
<0.002 0.3
0.3

<0.)J02

*Unspecified mixture of refinery wastes.

--=Data were not available for this constituent.
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Table 4-18 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR KQu48-K0S52 MIXTURE
PLANT M - SOLVENT EXTRACTION (Three-Cycle Process)

Untreated Waste Treated Waste
Kou8-K052*
Detected BDAT List Concentration Solids Concentration TCLP
Metals Constituents (Cont.) mg/kg (ppm) mg/kg (ppm) mg/L (ppm)
158. Cadmium <0.001 1.1 -
<0.001 1.0
<0.001 1.1
<0.001 1.1
<0.001 1
<0.001 1.1
159. Chromium (total) <0.02 370 <0.05
<0.02 . uso <0.05
<0.02 u80 0.14
<0.02 510 0.33
<0.02 570 0.76
<0.02 540 0.59
<0.05
<0.1
161. Lead <0.1 16 <0.3
<0.1 37 ’ 0.3
<0.1 32 0.3
0.1 35 0.3
<0.1 4o <0.3
<0.1 36 <0.3
<0.3
<0.5
162. Mercury 1 0.92 ---
<1 0.86
<1 0.93
1 1.10
<1 860

<1 1.10

"Ungpecified mixture of refinery wastes.

--=Data were not available for this constituent.
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Tabie 4-.18 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR KO48-K052 MIXTURE
PLANT M - SOLVENT ZXTRACTICN (Three-Cycle Process)

Untreated Waste Treated Waste
KOu8-Kos2#*
Detected BDAT List Concentration Solids Concentration TCLP
Mecals Constituents (Cont.) mg/kg (ppm mg/kg (pom) mg/L (oom)
163. Nickel 0.9 39 0.4
0.9 43 <0.2
0.10 37 0.3
0.10 34 0.3
0.1 33 0.3
0.1 37 0.3
<0.2
<0.4
164, Selenium <0.04 <0.4 <0.02
<0.02 3 <0.02
<0.02 3 _ <0.04
<0.02 2 <0.04
<0.02 2 <0.04
<0.02 <2 <0.04
<0.04
<0.04
167. Vanadium <0.02 22 <0.05
<0.02 25 <0.05
<0.02 23 <0.05
<0.02 22 <0.05
<0.02 22 <0.05
<0.02 22 <0.05
<0.05
<0.1
168. Zinc ' -—- -—- 15
0.39
"
10
9.4
8.6
1.2
2.1

*Unspecified mixture of refinery wastes.

---Data were not available for this constituent.
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Table 4-18 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR KO48-K052 MIXTURE
PLANT M - SOLVENT EXTRACTION (Three-Cycle Process)

Untreated Waste Treated Waste
KOu8-K0s2*

Detected BDAT List Concentration Solids Concentration TCL?
Inorganic Constituents mg/kg (ppm) mg/kg (pom) mg/L (pom)
169. Cyanide --- 30

4y

32

28

28

22

*Unspecified mixture of refinery wastes.

---Data were not available for this constituent.
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Table 4-19

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR KOQ48-K052 MIXTURE
PLANT M - SOLVENT EXTRACTION (Single-Cycle Process)

Detected BDAT List
Organic Constituents

VOLATILES

4, Benzene

226. Ethylbenzene

43. Toluene

Untreated Waste

KOUB-K052*
Concentration

mg/kg (ppm)

130
120

86
150
190
180

100
97
76

100

120

110

310
280
230
360
470
400

*Unspecified mixture of refinery wastes.
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Solids Concentration
mg/ke (ppm)
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Table U4-19 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR KO48-K052 MIXTURE
PLANT M - SOLVENT EXTRACTION (Single-Cycle Process)

Detected BDAT List
Qrgzanic Constituents

VOLATILES (Cont.)

215- Xylene (total)
217.

SEMIVOLATILES

57. Anthracene

59. Benz(a)anthracene

Untreated Waste

KOU8-K052%
Concentration

mg/kg (ppm)

500
490
420
5S40
570
550

<21
<20
<20
<20
<19
<20

<21
<20
<20
<20

21
<20

*Unspecified mixture of refinery wastes.
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Treated Waste

Solids Concentration
mg/kg (ppm)

9y
107

14,

112
53

10.

28

18.

<5.
<A,
<5.
4,
<5.
<5.
<5.

<0.
<0.
<0.
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Table 4-19 (Continued)

TREATMENT PERFORMANCE DATA.SUBMITTED BY INDUSTRY FOR KOuU8-K052 MIXTURE
PLANT M - SOLVENT EXTRACTION (Single-Cycle Process)

Detected BDAT List
Organic Constituents

SEMIVOLATILES (Cont.)

63. Benzo(b)fluoranthene

62. Benzo(a)pyrene

70. Bis(2-ethylhexyl)-
phthalate

Untreated Waste

KOuB-Kos2*
Concentration
mg/kg (ppm)

<21
<20
<20
<20
<19
<20

<21
<20
<20
20
<19
<20

1
<20
<20
<20
<19
<20

*Ungpecified mixture of refinery wastes.
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Treated Waste

Solids Concentration
mg/ke (ppm)
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Table 4-19 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR KOu8-K052 MIXTURE
PLANT M - SOLVENT EXTRACTION (Single-Cycle Process)

Detected BDAT List
Organic Constituents

SEMIVOLATILES (Cont.)

- 80. Chrysene

83. Dibenz(a,h)anthracene

98. Di-n-butyl phthalate

Untreated Waste

KOuB-K0s52*
Concentration

mg/kg (ppm)

23
24
21
<20
33
<20

21
<20
<20
<20
<19
<20

<21
<20
<20
<20
<19
<20

*Unspecified mixture of refinery wastes.
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Treated Waste

Solids Concentration
mg/kg (ppm)

<5.
<4,
<5.
<Y,

<5.
<5.

<0.
<0.
Y.
<0.
<,
<0.
<5.
<5.
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Table 4-19 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR XKO0U48-K052 MIXTURE
PLANT M - SOLVENT EXTRACTION (Single-Cycle Process)

Untreated Waste Treated Waste
KOug8-K052#*
Detected BDAT List Concentration Solids Concentration TCLP
QOrganic Constituents mg/kg (ppm) mg/kg (pom) mg/L (pom)
SEMIVOLATILES (Cont.)
121. Naphthalene 120 5.6
110 8.5
98 32 .
56 14
140 6.9
57 : 17
6.6
7.8
141. Phenanthrene 140 4.6
140 1"
120 "
64 . 1
140 8.5
64 12
4.8
6.4
145, Pyrene 34 1.8
28 5.9
33 5.0
<20 4.7
36 3.8
<20 4.3
2.1
2.4

*Unspecified mixture of refinery wastes.
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Table 4-19 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR KQ48-K052 MIXTURE
PLANT M - SOLVENT EXTRACTION (Single-Cycle Process)

Untreated Waste Treated Waste
Kou3-K0os2*
Detected BDAT List Concentration Solids Concentration TCLP
Organic Constituents mg kg (ppm) mg/kg (ppm) mg/L (oom)
SEMIVOLATILES (Cont.)
81. o-Cresol <10 <0.80
<10 <0.8
<10 <0.8
<10 <0.8
<10 <0.8
<10 <0.8
<5.0
<0.8
82. p-Cresol <10 <0.80
<10 <0.8
<10 <0.8
<10 <0.8
<10 <0.8
<10 <5.0
: <0.8
142, Phenol . <10 <0.80
<10 , <0.80
<10 _ <0.8
<10 <0.8
<10 <0.8
<10 <0.8
<0.8
<0.8

*Unspecified mixture of refinery wastes.
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Table 4-19 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR KOU48-K052 MIXTURE
PLANT M - SOLVENT EXTRACTION (Single-Cycle Process)

Untreated Waste Treated Waste
KOu8-K052*
Detected BDAT List Concentration Solids Concentration TCL?
Metal Constituents mg/kg (ppm) mg/kg (opm) mg/L ‘ocm)
155. Arsenic 0.2 -——- <0.006
0.2 0.027
<0.2 0.022
<0.2 0.016
<0.2 0.018
<0.2 <0.006
. 0.016
<0.006
156. Barium 1.7 -—- 0.72
2.3 0.25
1.9
2.3
2.4
2.3
159. Chromium (total) <0.02 -——- <0.05
<0.02 <0.05
<0.02 <0.05
<0.02 <0.05
<0.02 <0.05
<0.02 , 1.4
<0.05
<0.1
163. Nickel 0.09 -—- <0.2
0.09 <0.2
0.10 <0.08
0.10 <0.2
0.1 } 0.2
0.1 0.25
0.2
<0.4

*Jnspecified mixture of refinery wastes.

---Data were not available for this constituent.
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Table 4-19 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR KOU8-K052 MIXTURE
PLANT M - SOLVENT EXTRACTION (Single-Cycle Process)

Untreated Waste Treated Waste
KOug8-Kos52*
Detected BDAT List Concentration Solids Concentration TCL?
Metal Constituents (Cont.) mg/kg (ppm) mg/kg (pom) mg/L {(opm)
164. Selenium <0.04 -—- <Q.02
<0.02 0.92
<0.02 <0.02
<0.02 <0.02
<0.02 <0.02
<0.02 <0.02
<0.02
0.004
168. Zine - -—- <0.14
.14
<0.14
<0.14
<0.14
13
<0.14
<0.19

*Unspecified mixture of refinery wastes.

---Data were not available for this constituent.
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Table 4-20

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K062,
PLANT P - CHROMIUM REDUCTION FOLLOWED BY LIME AND SULFIDE PRECIPITATION AND VACUUM FILTRATION

Sample Set s1 Sample Set #2 Sample Set #3
Treated K062 Treated K062 Treated K062

Detected BDAT Untreated K062¢ Wastewater Untrested K062¢ Wastewater Untreated K062e wastewater

List Metal Concentration Concentration Concentration Concentration Concentration Concentration

Constituents {ppm) {ppm) (ppm) (ppm) (ppm) (ppm)
Ant \mony <10 <1 <10 <1 <10 <1
Arsenic <1 . <0.1 <3 <0.1 <1 <0.1
Barium - <i0 <l <10 <! <10 3.5
Beryliltum <2 <0.2 <2 <0.2 <2 <0.2
Cadmium 13 <0.5 10 <0.5 <5 <0.5
Chromium (hexavalent) 893 0.0 807 0.19 775 I
Cnromium (total) 2,581 0.12 2,279 0.12 1,990 0.20
Copper - 138 0.2% 133 0.15 133 0.21
Lead 64 <0.01" : 54 <0.01 <10 <0.01
Mercury <1 <0.1 <1 <0.1 <1 <0.1
Nickel 471 0.33 470 0.33 16,330 0.33
Selenium <10 <1 <10 <1 <10 <1
Stliver <2 <0.2 <2 <0.2 <2 <0.3
Thallfum ' <10 <1 <10 <1l <10 <
2inc 116 0.125 4 0.115 3.9 0.14

-
(1}

Untreated waste composite of KO62 along with other non~-K062 waste streams.

—
1]

Color interference.
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Table 4-20 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K062,
PLANT P - CHROMIUM REDUCTION FOLLOWED BY LIME AND SULFIDE PRECIPITATION AND VACUUM FILTRATION

Sampla Set #4 Sample Set #5 Sample Set #6
Treated K062 Treated K062 Treated K062
Detected BDAT Untreated K062¢ Wastewater Untreated K062° wWastewater Untreatea K062¢ wastewater
List Metal Concantration Concentration Concentration Concentration Concentration Concentration

Constituents (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
Ant imony <10 - <10 <1 <10 <1
Arsenic <1 <1 <\ <0.1 < <0.t
Barium <10 <10 <10 <1 <10 <2
Beryllium <2 . <2 <2 <0.2 <2 <0.2
Cadmium <5 <5 <5 <0.5 <5 <0.%
Chromium (hexavalent) 0.6 0.042 97 0.058 734 . 1
Chromium (total) 556 0.10 2,236 o.n 2,548 0.10
Copper a8 0.07 91 0.14 149 0.12
Leaad ‘<10 <0.01 10 0.01 <10 <0.01%
Mercury <1 <1 <\ <0.1% <1 <0.1
Nickel 6,610 0.33 1,414 0.310 588 0.33
Selenium - <10 <10 <10 <) <10 <}
Silver <2 <2 <2 <0.2 <2 <0.2
Thal ) fum <10 <10 <10 < <10 <1
Zinc 04 1.62 71 0.125 4 0.095

Untreated waste composite of K062 along with other non-K062 waste streams.

Not analyzed.

Color interference.
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Table 4-20 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K062,
PLANT P - CHROMIUM REDUCTION FOLLOWED BY LIME AND SULFIDE PRECIPITATION AND VACUUM FILTRATION

Sample Set #7 Sample Set #8 Sample Set #9
: Treated K062 Treated K062 Treated K062

Detected BDAT Untreated K082¢ Wastewater Untreated K0G2* wWastewater Untreated K062* wastewater

List Metal Concentration Caoncentration Concentration Concentration Concentration Concentration

Conatituents (ppm) {(ppm) (ppm) (ppm) (ppm) (ppm)
Ant imony <10 <3 <10 <1 <10 <1
Arsenic . <1 <0.1 <1 <0.1 <1 <0.1
8arium <10 <1 <10 <1 <10 <1
Beryl ) ium <2 <0.2 <2 <0.2 <2 <0.2
Cadmium 10 <0.5 <5 <0.5 <5 <0.5
Chromium (hexavaslent) 769 0.12 0.13 <0.01 0.07 0.041
Chromium (total) 2,314 0.2 831 0.15 939 0.10
Copper 72 0.16 217 0.16 225 0.08
Lead 108 <0.0" 212 <0.01 <10 <0.01
Marcury <1 <0.1 <1 <0.1 <\ <0.1
Nickel 426 0.40 669 0.36 940 0.33
Selenium <10 <1 <10 <1 <10 <1.0
Silver <2 <0.2 <2 <0.2 <2 <0.2
Thatlium <10 <1 <0 <1 <10 <1.0
Zinc 171 0.118 159 0.130 5 0.06

¢ = Untreated wasta composita of K062 along with other non-K062 waste streams.
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PLANT P - CHROMIUM REDUCTION FOLLOWED BY LIME AND SULFIDE PRECIPITATION AND VACUUM FILTRATION

Detectea BDAT
List Metal
Constituents

Ant imony

Arsenic

Barium
Beryllium
Cadmium
Chromium (hexavalant)
Chromium (total)
Copper

Lead

Mercury

Nickel

Selenium

Stlver

That ) tum

Zinc

Source:

U.S. Environmental Protection

Table 4-20 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K062,

Sample Set 210

Sample Set #11

Untreated X062
Concentration

(ppm)

<10
<]
<10
<2
<5
0.08
395
191
<10
<1
712
<10
<2
<10
S

Agency.

Treated K062

Treated K062

Wastewater Untreated K062 Wastewater
Concentration Concentration Concentration
(ppm) {ppm) (ppm)

<} <10 <1.00
<0.1 <t <0.10
<1 12 <1.00
<0.2 <2 <0.20
<0.5 23 <S
0.106 0.30 <0.01
0.12 617 0.t8
0.14 137 0.24
<0.01 136 <0.01
<0.1 <1 <0.10
0.33 - 382 0.39
<1 <10 <1.00
<0.2 <2 <0.20
<9 <10 <1.00
0.070 135 0.100

1986. Onsite Engineering Report of Treatment Technology
Performance and Operetion for Envirite Corporation, Tables 6-1 to 6-12.

(Reference 27)



5.0 IDENTIFICATION OF BEST DEMONSTRATED AND AVAILABLE TECHNOLOGY

In this section, EPA explains its determination of which technology
represents BDAT for nonwastewater and wastewater forms of refinery wastes
KouU8-K052. As discussed in detail in Section 1.0, this determination essen-
tially involves determining which of the "demonstrated" technologies will
provide the "best" treatment and, at the same time, be determined to be
"available" (i.e., the technology is commercially available and provides

substantial treatment).

Where EPA has performance data from more than one technology, EPA
uses the statistical method known as analysis of variance (ANOVA) to determine
which technology provides the best level of treatment. Prior to making this
determination, EPA examines the data to determine if any data should be
deleted based on poor design or operation of the treatment system and to
determine whether sufficient quality assurance/quality control measures were

employed to ensure the accuracy of the data.

Presented in this section are summaries of the steps taken by EPA in
evaluation of the available treatment performance data, including the prelimi-
nary data review and adjustment of data to account for analytical accuracy;
the results of the statistical comparisons of the data sets; and the identifi-

cation of the technologies determined to be BDAT for KQU8-K052 wastes.



that was detected in either the untreated or treated waste were corrected by
multiplying the reported concentration of the constituent by the corresponding
accuracy correction factor. Note that constituent. concentrations were not
adjusted to values below the detection limit for each constituent. If accu-
racy correction as described above resulted in a value less than the detection
limit, the accuracy-corrected concentration was set equal to the detection

limit.

Matrix spike recoveries are developed by anélyzing a sample of a
treated waste for a constituent and then‘reanalyzing the sample after the
addition of a known amount of the same constituent (i.e., spike) to the
sample. The matrix spike recovery represents the total amount of constituent
recovered after spiking minus the initial concentration of the constituent in

the sample, and the result divided by the known amount of constituent added.
Matrix spike recovery data were not submitted or were not available
for some data sets that were submitted by industry. In these cases the Agency

did not adjust the data.

5.2.1 Accuracy Correction of Treatment Performance Data for Nonwastewaters

Presented below are descriptions of how treatment performance data
for treatment of nonwastewaters were adjusted for each BDAT List constituent

that was detected in either the untreated or treated waste.



Fluidized Bed Incineration

Treated waste (ash) concentrations from fluidized bed incineration
of KOU4B and K051 and plant A were corrected for accuracy using data from
matrix spike recoveries performed during analysis of the ash samples. Table
D-5 (presented in Appendix D of this background document) presents matrix
spike recoveries for BDAT List organic, metal, and inorganic constituents.
The constituents included in Table D-5 were found in either the untreated

waste or the fluidized bed incinerator ash, or both.

For most volatiles and inorganic constituents, the matrix spike
recovery shown on Table D-5 was determined from the result of one matrix spike
performed for each constituent. For constituents for which no matrix spike
was performed, the matrix spike recovery shown in Table D-5 was derived from
the average matrix spike recovery of the appropriate group of constituents
(volatile or inorganic constituents) for which recovery data were available.
For example, no matrix spike was performed for dichlorodifluoromethane; the
matrix spike recovery used for this constituent was the result obtained by
averaging the matrix spike recoveries for all volatile constituents for which

recovery data were available.

Duplicate matrix spikes were performed for some BDAT List semivola-
tile constituents. Where duplicate matrix spikes were performed for a
semivolatile constituent, the matrix spike recovery used for that constituent
was the lower of the two values from the first matrix spike and the duplicate
spike, as shown in Table D-5. Where a matrix spike was not performed for a

RBD- 1 5-14
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semivolatile constituent, a matrix spike recovery for that constituent was
based on semivolatile constituents for which there were recovery data from the
two matrix spikes. In these cases, an average hatrix Spike recovery was
calculated for all semivolatiles for the first matrix spike and an average was
calculated for the duplicate matrix spike recoveries. The lower of the two
average matrix spike recoveries of semivolatile constituents was used for any
semivolatile constituent for which no matrix spike was performed. For
example, no matrix spike was performed for di-n-butyl phthalate, a base/
neutral fraction semivolatile, in fluidized bed incinerator ash; however, the
treatment performance data for this constituent were adjustedlfor accuracy
using a matrix spike recovery of 67%. This recovery was selected after
averaging the matrix spike recoveries calculated for all base/neutral fraction
semivolatiles in the first matrix spike (69%) and in the duplicate spike
(67%). The lower average matrix spike recovery of 67% was selected to subse-

quently calculate the accuracy correction factor for di-n-butyl phthalate.

Where a matrix spike was not performed for a BDAT List metal in the
TCLP extract of incinerator ash and matrix spike data were avallable for the
extract of that BDAT List metal from a similar matrix (i.e., TCLP extract from
stabilized incinerator ash), the analytical data were adjusted using the
average matrix spike recovery for the metal in the TCLP extracts of stabilized

incinerator aéh.

The accuracy correction factors for fluidized bed incinerator ash

data are summarized in Appendix D, Table D-9. The corrected treatment concen-
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trations for BDAT List constituents that were detected in the untreated waste
are presented in Table 5-1. These performance data for fluidized bed
incineration were used in the determination of BDAT for treatment of organics

‘and cyanide in nonwastewaters, as discussed in Sections 5.3 and 5.4.
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Solvent Extraction

The quality assurance/quality control information required to adjust
the data values for accuracy was not provided for plant G. Therefore, the
solvent extraction treatment performance data for plant G have not Eeen
adjusted. However, the Agency has no reason to believe that sufficient QA/QC

control measures were not followed in development of these performance data.

Detailed QA/QC information was submitted by blant L and plant M;
however, information needed to adjust the performance data for analytical
accuracy was not provided. The QA/QC reports submitted by plant L and plant M
included matrix spike recovery data; however, the spikes were conducted on a
standard soil sample rafher than on a treated waste sample. The recovery
data, therefore, do not provide an indication of analytical interferences
caused by tﬁe waste matrix and were not used to adjust the treatment

performance data.

The concentrations of BDAT List constituents in the treated waste
from solvent extraction treatment at plant G are presented in Table 4-16 in
Section 4.0. The concentrations in the treated waste from solvent extraction
treatment at plant L are presented in Section F.7 of Appendix F. The treated
waste concentrations from single cycle and three cycle solvent extraction
treatment at plant M are presented in Tables 4-18 and U4-19, respectively, in
Section 4.0. The solvent extraction performance data from plants G, L, and M
were used in the determination of BDAT for treatment of organics in
nonwastewaters, as discussed in Section 5.3.

RBD-1 5-7
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Stabilization

(a) Plant I. Table D-6 (Appendix D) presents the matrix spike
recoveries determined for TCLP extracts of stabilized incinerator ash for BDAT
List metals that were detected in either the untreated or treated waste at
plant I. In the case of the kiln dust binder, two matrix spike analyses were
performed. The lowest percent recovery value from the two matrix spike
analyses for a constituent was used as the recovery factor for that constitu-
ent in the extract from the kiln dust stabilized ash. In cases where a matrix
spike was not performed for a BDAT List métal in the stabilized ash and matrix
spike data were available for the extract of that BDAT List metal from a
similar matrix (i.e., ash stabilized using other binders), the analytical data
were adjusted using the average matrix spike recovery for the metal in the
waste stabilized with other binders. For example, a matrix spike was not
performed for antimony in cement stabilized ash; therefore, the analytical
data were adjusted using 74%, which was the average percent recovery for
antimony in kiln dust (66% and 81.5%) and lime and fly ash (75.1%) stabilized

ashes.

The accuracy correction factors for the stabilization data are
summarized in Appendix D, Table D-10. The corrected treatment concentrations
for stabilized incinerator ash are presented in Table 5-2. These performance
data were used in the determination of BDAT for treatment of metals in

nonwastewaters, as discussed in Section 5.5.
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(b) Plant J. The quality assurance/quality control information‘

required to adjust the data values for adcuracy was not provided for plant J.
Therefore, the stabilization data have not been adjusted and are the same as
the treated waste values presented in Section F.5 in Appendix F. The Agency
has no reason to believe that sufficient QA/QC control measures were not
followed in development of these performance data. A review of the data for
untreated and treated wastes for the stabilization tests conducted at plant J
indicated that in most cases the TCLP leachates from the treated waste were
not lower than those from the untreated waste. Therefore, these data do not

demonstrate treatment and the data were not used to determine BDAT.

(¢) Plant M. Insufficient data was available on stabilization at
plant M to be able to determine that treatment (reduction in leachability) of
the metals occurred. Specifically, TCLP data were not available for the
solids (effluent from the solvent extraction process) prior to stabilization.

Therefore, these data were not used to determine BDAT.

Pressure Filtration

The quality assurance/quality control information required to adjust
the data values for accuracy was not brovided for plants B, C, D, and E.
Therefore, the pressure filtration data have not been adjusted. The Agency
has no reason to believe that sufficient QA/QC control measures were not
followed in development of these performance data. Data for plants C and D

are presented in Tables U4-14 and 4-15 of Section 4.0. Data from plants C and
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D were used in the determination of BDAT for treatment of organics in
nonwastewaters, as discussed in Section 5.3. Data for plants B and £ are
presented in Sections F.1 and F.2 of Appendix F. Data from plants B and =
were not used in the determination of BDAT because for most constituents, the
treated waste concentrations exceeded the untreated waste concentrations, and

therefore, effective treatment of BDAT List constituents is not shown.

5.2.2 Accuracy Correction of Treatment Performance Data for Wastewaters

Presented below are descriptions of how treatment performance data
and transferred treatment performance data for wastewaters were adjusted for

each BDAT List constituent detected in the untreated or treated waste.

Organics Data from KO48 Scrubber Water

Table D-7 (presented in Appendix D of this background document)
presents matrix spike recoveries for BDAT List organic constituents that were
detected in either the untreated waste or in the scrubber water from fluidized
bed incineration. As shown in the table, duplicate matrix spikes were per-
formed for BDAT List volatile and semivolatlle constituents. The matrix spike
recovery used for each constituent was the lower of the two values from the

first matrix spike and the duplicate spike.



The accuracy correction factors for the scrubser water data are
summarized in Appendix D, Table D-11. The corrected treatment concentrations
for BDAT List constituents that were detected in the untreated waste are
presented in Table 5-3. These data were used in the determination of BDAT for

treatment of organics in wastewaters, as discussed in Section 5.6.

Metals Data From K062 and Metal-Bearing Characteristic Wastes

The quality assurance/quality control information required to adjust
the data values for accuracy was not available for performance data from
treatment of K062 and metal-bearing characteristic wastes (Reference 27).
Therefore, matrix spike recoveries for BDAT List metal constituent; were
transferred from matrix spikes performed on the TCLP extracts of residual slag
as reported in the Onsite Engineering Report for Horsehead (Reference 28).
Appendix D, Table D-8, presents the matrix spike recoveries for BDAT List
metal constituents that were regulated in KO48-K052 wastewater. The matrix
spike recovery used for each constituent was the lower of the two values from

the first matrix spike and the duplicate spike.

The accuracy correction factors for BDAT List metal constituents
that were regulated in KOU48-K052 wastewater are summarized in Appendix D,
Table D-11. The corrected treatment concentrations for BDAT List metal
constituents that were regulated in KOU48-K052 wastewater are presented in
Table 5-4. These data were used in the determination of BDAT for treatment of

metals and inorganics in wastewaters, as discussed in Section 5.7.



5.3 Identification of BDAT for Organics in Nonuasiéwaters

The Agency identified the following four demonstrated treatment
technologies to be considered for BDAT for organics in nonwastewater forms of
KO48-K052: solvent extraction, incineration including fluidized bed and
rotary kiln incineration, and pressure filtration. The treatment performance
data for these technologies were compared using the statistical method known
as the analysis of variance (ANOVA) to determine whether one technology
performs significantly better than the others for treatment of BDAT List

organics in nonwastewaters. The following comparisons were performed using

ANOVA:
o Three-cycle solvent extraction at plant M versus single-cycle
solvent extraction at plant M and solvent extraction at plant
G;

0 Pressure filtration at plants C and D versus three-cycle
solvent extraction at plant M and;

o Fluidized bed incineration at plant A versus three-cycle
solvent extraction at plant M.
The results of the statistical comparisons are presented in Appendix G and are

summarized below.

Comparison of Solvent Extraction Data

The Agency performed an ANOVA comparison of treatment performance
for three-cycle solvent extraction at plant M with single-cycle solvent

extraction at plant M and solvent extraction at plant G. The results of the
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ANOVA tests are presented in Appendix G. The results show that the
three-cycle solvent extraction system at plant M provided the best treatment

for most volatile and semivolatile organic constituents.

The Agency was not able to perform ANOVA comparisons of treatment
performance for solvent extraction at plant L and plants G and M because only
one data value was available for each constituent in the data from plant L.
However, a qualitative comparison of treatment performance for plant L and
plants G and M showed that the three-cycle solvent extraction system at plant
M provided the best treatment for most volatile and semivolatile organic

constituents.

Comparison of Pressure Filtration and Solvent Extraction

The Agency compared the performance of treatment by pressure filtra-
tion technologies from plants C and D with treatment by three-cycle solvent
extraction at plant M. The results of these comparisons are presented in
Appendix G. The results show that fhree-cycle solvent extraction provides

better treatment than pressure filtration for most organic constituents.

Comparison of Fluidized Bed Incineration and Solvent Extraction

The Agency performed an ANOVA comparison of treatment by fluidized
bed incineration at plant A with three-cycle solvent extraction treatment at

plant M. The test was performed for 12 volatile and semivolatile organic



constituents. The results of the ANOVA comparisons are presented in Appendix
G. The ANOVA results show that there was no significant difference in perfor-
mance achieved by the ‘two technologies for three constituents. There was a
statistically significant difference in treatment for nine constituents.
Average treated waste concentrations achieved by fluidized bed incineration
were lower than those achieved by three-cycle solvent extraction for these
constituents. For most constituents, the differences in average treated waste
concentrations were small. For naphthalene and xylenes the average treated
waste concentrations were approximately two orders of magnitude greater for
solvent extraction than for fluidized bed inciperation. Data submitted
shortly before promulgation of the final rule suggest, however, that certain
solvent extraction is capable of better treatment of xylene and naphthalene
than the data from plant M. EPA is continuing to evaluate these new data.
Because of the questions raised as to the level of treatment achievable by
solvent extraction for xylene and naphthalene, however, EPA is deferring

regulation of these constitutents in the final rule.
The data comparisons also showed that treatment by both technologies
resulted in non-detect values for all other organic constituents that were

present in the untreated wastes.

BDAT for Organics in Nonwastewaters

In the determination of the "best" technologies for organiecs in

nonwastewaters, EPA considered the results of the ANOVA comparisons presented
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above and the benefits of petroleum resource recovery achieved by solvent

extraction.

The Agency has determined that the performance achieved by three-
cycle solvent extraction and fluidized bed incineration represent the "best"
treatment of BDAT List organic constituents in nonwastewater forms of refinery
wastes]KOHS-K052. Both solvent extraction and fluidized bed incineration are
"available" technologies, i.e., they are commercially available téchnologies
and provide substantial treatment of the hazardous organic constituents in
nonwastewater forms of KO48-K052 wastes. Thérefore EPA has determined that

solvent extraction and fluidized bed incineration are BDAT for these wastes.

The BDAT treatment standards for most regulated organics in
nonwastewaters are based on the performance levels achieved by solvent extrac-
tion treatment. For di-n-butyl phthalate, however, the BDAT treatment stan-
dard is based on fluidized bed incineration treatment, as proposed. Although
both solvent extraction and fluidized bed incineration achieve levels of
non-detect for di-n-butyl phthalate in the treated waste, the treatment
standard for di-n-butyl phthalate calculated based on the performance of
fluidized bed incineration treatment is slightly higher than that based on
solvent extraction treatment. The difference is due to differences in detec-
tion limits and accuracy correction factors for the two technologies. The
Agency is promulgating the treatment standard for di-n-butyl phthalate based

on fluidized bed incineration, as proposed, to ensure that the standard can be
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achieved through incineration of these wastes, as well as solvent extraction,

based on EPA's judgement that both of these technologies are BDAT.

5.4 Identification of BDAT for Cyanide in Nonwastewaters

The Agency has identified one demonstrated technology for treatment
of cyanide in nonwastewater forms of KOU8-K052: incineration, including
fiuidized bed and rotary kiln incineration. The Agency has treatment perfor-
mance data for cyanide for fluidized bed incineration of KO48 and K051 at
plant A. The Agency also has data on cyanide concentrations in the treated
waste from three-cycle solvent extraction at plant M. However, data on
cyanide concentrations in the untreated waste were not provided and therefore

the effectiveness of solvent extraction treatment could not be evaluated.

The Agency has determined that, based on the available data, the
performance achieved by fluidized bed incineration represents the "best"
treatment for cyanide in KO48 and K051 nonwastewaters. Fluidized bed inciner-
ation is also an "available" technology since it is commercially available and
provides substantial treatment. Therefore, BDAT for cyanide in KO48 and K051

nonwastewaters is fluidized bed incineration.

As discussed in Section 2.0, the Agency has determined that refinery
wastes KOU8-K052 represent a waste treatability group. Since fluidized bed

incineration is BDAT for cyanide in nonwastewater forms of KO48 and K051, this



technology is also BDAT for cyanide in nonwastewater forms of KOU9, K050, and

Ko52.

5.5 Identification of BDAT for Metals in Nonwastewaters

The Agency identified one demonstrated technology for treatment of
BDAT List metals in nonwastewater forms of KO48-K052: stabilization. The
Agency used the ANOVA test to compare the performance of the stabilization
treatments using three different binders and to determine which binder system

provided the best treatment for metals in KOU8-K052 nonwastewater.

Three binder stabilization systems (cement, kiln dust, and lime and
fly ash) were compared using corrected TCLP extract concentrations for the .
unstabilized and stabilized ash from fluidized bed incineration of KO48 and
KO51. The ANOVA test was not performed on beryllium, cadmium, lead, and
silver because these metals were not detected in the TCLP extract of the
unstabilized incinerator ash. The test was also not performed for hexavalent
chromium and thallium because these metals were not analyzed in the TCLP
extract of the unstabilized ash since they were not on the BDAT List at the
time of analysis. The results of the ANOVA test are presented in Table 5-5.
The results indicate that, overall, fluidized bed incineration followed by
lime and fly ash Stabilization provides significantly better or equivalent
treatment for most metal constituents (except for antimony and barium) than
fluidized bed incineration alone or fluidized bed incineration followed by

cement or kiln dust stabilization of the incinerator ash. EPA also expects



that stabilization of solvent extraction residuals (solids) would achieve

similar levels of leachability.

Based on these results, EPA has determined that stabilization using
a lime and fly ash binder is the "best" technology for treatment of metals in
nonwastewater forms of KO48 and KO51. Stabilization is also an "available"
technology since it is commercially available and provides substantial treat-
ment. Therefore, BDAT for metals in nonwastewater forms of KO48 and K051 is

lime and fly ash stabilization.

As discussed in Section 2.0, EPA has determined that refinery wastes
KOU4B8-K052 represent a waste treatability group; therefore, since lime and fly
ash stabilization has been determined to be BDAT for metals in nonwastewater
forms of KO48 and KO51 wastes, this technology is also BDAT for metals in
nonwastewater forms of K049, K050, and K052.

L4

5.6 Identification of BDAT for Organics in Wastewaters

Wastewaters are generated as residuals from treatment of
nonwastewater forms of KOHB-KOSE.. For example, incineration of KO48-K052
results in a scrubber water residual. The Agency has treatment performance
data for organies in the scrubber water residual from fluidized bed incinera-
tion treatment of KO48. The Agency has no other data on treatment of organics
in KOU8-K052 wastewaters. Although EPA believes that biological treatment,

solvent extraction, and carbon adsorption are also demonstrated technologies
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for treatment of organics in similar wastewaters, the Agency does not expect
that any of these technologies would improve upon thé performance levels
achieved by fluidized bed incineration. Therefore, EPA has determined that
fluidized bed incineration provides the "best" treatment for organics in KO48
wastewaters. This technology is also "available" since it is commerciaily
available and it provides substantial treatment of the hazardous orgadic
constituents in wastewaters. The BDAT treatment standards for organiecs in

KOU8 wastewaters are therefore based on the performance levels achieved in the

scrubber water from fluidized bed incineration.

As discussed in Section 2;0, EPA has determined that refinery wastes
KOU8-K052 represent a waste treatability group; therefore, since fluidized bed
incineration is the technology basis for BDAT treatment standards for organics
in wastewater forms of KO48 wastes, these technologies also provide the
technology basis for BDAT treatment standards for organics in wastewater forms

of KOU49, K050, K051, and KO052.

5.7 Identification of BDAT for Metals and Inorganics in Wastewaters

As described in Section 5.6, wastewaters are generated as residuals
from treatment of nonwastewater forms of KO48-K052. These wastewaters may
contain BDAT List metal and inorganic constituents. The Agency has identified
the following demonstrated technologies for treatment of metals and inorganics
in KOU8-K052 wastewaters: chromium reduction followed by'lime and sulfide

precipitation and vacuum filtration.
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The Agency does not have data on treatment of metals and inorganics
in KOUB-K052 wastewaters. However, the Agency does have treatment performance
data for BDAT List metals and inorganics in wastes that are sufficiently
similar to KOU8-K052 wastewater residuals such that the performance data can
be tran;ferred. The data were collected by EPA from one facility treating
K062 and metal-bearing characteristic wastes using chromium reduction followed
by lime and sulfide precipitation and vacuum filtration. Operating data
collected during this treatment performance test indicate that the technology

was properly operated; accordingly, all of the data were transferred to

KOUB8-K052 to be considered for BDAT.

The Agency believes that wastewaters generated from treatment of
KOU8-K052 are similar to the untreated K062 and metal-bearing characteristic
wastes in terms of the types and concentrations of metals and inorganic§
present in the wastes and the treatment performance that can be achieved by
chromium reduction followed by lime and sulfide precipitation and vacuum

filtration.

The Agency has detérmined that the treatment performance achieved by
these technologies represents the "best" treatment for metals and inorganics
in KOU8-K052 wastewaters. The technologies are also "available" since they
are commercially available and provide substantiai treatment of the hazardous
metal and inorganic constituents in these wastes. Therefore, the Agency has
determined that BDAT for metals and inorganics in KO48-K052 wastewaters is

chromium reduction followed by lime and sulfide precipitation and vacuum
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filtration. The BDAT treatment standards are based on a transfer of perfor-

mance data from treatment of K062 and metal-béaring characteristic wastes.
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TREATMENT CONCENTRATIONS FOR FLUIDIZED BED

Table 5-1

INCINERATOR ASH CORRECTED FOR ACCURACY:

BDAT List Constituent

VOLATILES

21. Dichlorodifluoro-
methane
(Concentration)

43. Toluene
(Concentration)

215-217. Xylene

(Concentration)
SEMIVOLATILES
59, Benz(a)anthracene
(Concentration)
70. Bis(2-ethylhexyl)
phthalate
(Concentration)
80. Chrysene
(Concentration)
98. Di-n-butyl phthalate
(Concentration)
109. Fluorene
(Concentration)
121. Naphthalene
(Concentration)
141. Phenanthrene
(Concentration)
145. Pyrene
(Concentration)

PLANT A
Sample Set
1 2 3 4 5 3
(ppm) (ppm) {ppm) (ppm) (ppm) (pom)
2.60 2.60 2.60 2.60 2.60 2.60
3.75 2.50 2.50 2.50 2.50 2.50
2.60 2.60 2.60 7.53 2.60 2.60
0.30 0.30 0.30 0.30 0.30 0.30
1.49 1.49 1.49 1.49 1.49 1.49
0.30 0.30 0.30 0.30 0.30 0.30
1.49 1.49 1.49 1.49 1.49 1.49
0.30 0.30 0.30 0.30 0.30 0.30
0.30 0.30 0.30 0.30 0.30 0.30
0.30 0.30 0.30 0.30 0.30 0.30
0.38 0.38 0.38 0.38 0.38 0.38
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Table 5-1 (Continued)

TREATMENT CONCENTRATIONS FOR FLUIDIZED BED
INCINERATOR ASH CORRECTED FOR ACCURACY:

PLANT 4
Sample Set
1 2 3 4 5 6

BDAT List Constituent (ppm) (ppm) (ppm) (pom) (ppm) (pom)

METALS

154, Antimony 0.08 0.08 0.12 0.08 0.08 0.09
(TCLP) '

155. Arsenic 0.01 0.006 0.02 0.01 0.02 0.02
(TCLP)

156. Barium 0.19 0.26 0.18 0.27 0.22 0.23
(TCLP)

157. Beryllium 0.001 0.001 0.001 0.001 0.001 0.001
(TCLP) i

158. Cadmium 0.004 0.004 0.004 0.004 0.004 0.004
(TcLp)

159. Chromium (total) 2.76 3.26 2.63 2.89 3.01 2.63
(TCLP)

160. Copper 0.02 0.02 0.02 0.02 0.02 0.02
(TCLP)

161, Lead 0.06 0.06 0.06 0.06 0.06 0.06
(TCcLp)

162. Mercury 0.0003 0.0002 0.0002 0.0003 0.0003 0.0002
(TCLP)

163. Nickel 0.03 0.03 0.03 0.03 0.03 0.04
(TCLP)

164. Selenium 0.04 0.02 0.10 0.14 0.15 0.15
(TCLP) ‘

165. Silver 0.012 0.012 0.012 0.012 0.012 0.012
(TCLP)

167. Vanadium 3.63 3.24 4,02 3.50 3.76 4.67
(TCLP)

168. Zinc o.n 0.12 0.12 0.12 0.1 0.15
(TCLP)
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Table §-1 (Continued)

TREATMENT CONCENTRATIONS FOR FLUIDIZED BED
INCINERATOR ASH CORRECTED FOR ACCURACY:

BDAT List Constituent

INORGANICS

169.  Total Cyanide
(Concentration)

171. Sulfide
(Concentration)

PLANT A
Sample Set
1 2 3 4 5 6
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
0.1 0.38 0.1 0.48 0.1 0.48
61 61 61 61 61 61
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Table 5-2

" TREATMENT CONCENTRATIONS FOR TCLP EXTRACTS OF
STABILIZED INCINERATOR ASH CORRECTED FOR ACCURACY: PLANT I

Cement Binder Kiln Dust Binder Lime and Fly Ash Binder
Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 Run 1 Run 2 Run 3
BDAT List (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)  (ppm) (ppm)  (ppm)
CONSTITUENT
154. Antimony 0.22 0.22 0.22 0.25 0.27 0.25 0.22 0.22 0.22
155. Arsenic 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004
156. Barium 0.29 0.30 0.30 0.22 0.22 0.23 0.58 0.54 0.62
“157. Beryllium 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
158. Cadmium 0.004 0.004 0.004 0.004 0.00Q 0.004 0.004 0.004 0.004
159. Chromium
(total) 2.65 2.66 2.M 2.37 2.5 2.49 1.47 1.58 1.4
221. Chromium
{(hexavalent) 0.66 0.52 3.94 0.37 0.39 2.09 1.43 1.12 0.74
160. Copper 0.003 0.003 0.017 0.004 0.004 0.004 0.004 0.004 0.008
161. Lead 0.006 0.006 0.011 0.026 0.012 0.008 0.008 0.008 0.008
163. Nickel 0.025 0.025 0.025 0.027 0.027 0.027 0.026 0.026 0.026
164. Selenium 0.03 0.026 0.029 0.059 0.057 0.053 0.015 0.019 0.020
165. Silver 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008
166. Thallium 0.002 0.015 0.002 0.002 0.002 0.002 0.002 0.002 0.002
167. Vanadium 1.02 1.57 1.67 3.49 §.20 3.56 - 0.16 0.16 0.17

168. Zinc 0.078 0.063 0.12 0.068 0.059 0.044 0.029 0.032 0.076



Table 5-3

TREATMENT CONCENTRATIONS FOR SCRUBBER WATER
CORRECTED FOR ACCURACY: PLANT A

Sample Set
1 2 3 uy 5 5
BDAT List Constituent (ppm) (ppm)  (ppm) {(ppm) (ppm)  (pom)
4. Benzene 0.004 0.004 0.004 0.004 0.004 0.004
226. Ethylbenzene 0.004 0.004 0.004 0.004 0.004 0.00u
43. Toluene 0.004 0.004 0.004 0.004 0.004 0.004
215-
217. Xylene 0.004 0.004 0.004 0.004 0.004 0.004
70. Bis(2-ethylhexyl)- 0.015 0.015 0.015 0.015 0.015 0.015
phthalate
80. Chrysene 0.015 0.015 0.015 0.015 0.015 0.015
98. Di-n-butyl 0.021 0.021 0.021 0.021 0.021 0.021
phthalate '
109. Fluorene 0.018 0.018 0.018 0.018 0.018 0.018
121. Naphthalene 0.012 0.012 0.012 0.012 0.012 0.012
141. Phenanthrene 0.014 0.014 0.014 0.014 0.014 Q.014
142. Phenol 0.017 0.017 0.017 0.017 0.017 0.017
145. Pyrene 0.016 0.016 0.016 0.016 0.016 0.016

5-26



LT-¢

Table 5-4
TREATMENT CONCENTRATIONS FOR BDAT LIST METAL CONSTITUENTS CORRECTED FOR ACCURACY
(K062 AND METAL-BEARING CHARACTERISTIC WASTES)

Corrected Treatment Concentration (ppm)
Sample Set 1 2 3 y 5 6 7 . 8 9

1" 12

BDAT List Constituent

159. Chromium (total) 0.18 0.18 0.29 0.15 0.16 0.15 0.18 0.22 0.1 0.18 o0.23

162. Lead 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013



Table 5-5

RESULTS OF THE ANALYSIS OF VARIANCE TEST COMPARING FLUIDIZED BED INCINERATION
AND FLUIDIZED BED INCINERATION FOLLOWED BY ASH STABILIZATION

Fluidized Bed Incineration Followed by Ash‘
Stabilization Using the Following Binders*

BDAT List Metal Fluidized Bed Lime and
Constituents Incineration Cement Kiln Dust Fly Ash
154. Antimony 1 2 i 2
155. Arsenic 4 1 1 1
156. Barium 1 2 1 4
159. Chromium (total) 4 4 2 1
160. Copper 4 1 1 1
163. Nickel 1 1 | 1 : 1
164. Selenium 4 2 3 : 1
167. Vanadium 4 2 4 1
168. Zinc 4 1 1 1

* The numbers in the table indicate the results of the statistical comparison
(ANOVA) of treatments. A ranking of 1 to 4 is shown for each constituent
and treatment test where a "1" indicates the best performance and a "u4"
indicates the worst performance. Two treatments with the same number for a
constituent indicates that there was no significant difference between the
treatment effectiveness.



6.0 SELECTiON OF REGULATED CONSTITUENTS

This section presents the methodology and rationale for selection of
the regulated constituents in wastewater and nonwastewater forms of KO48-K052

wastes.

The Agency initially considered for regulation all constituents on
the BDAT List (see Table 1-1, Section 1.0). Summarized in Table 6-1 are
available waste characterization data for each w#stecode for the BDAT List
constituents. For constituents known to be present in the wastes, the range
of detected concentrations is shown in the table. Those constituents that

"were analyzed but were not detected in the wastes are identified by "ND."
Constituents for uhiéh the Agency does not have analytical characterization

data are identified by "NA" (not analyzed).

As explained in Section 1.0, the Agency is not regulating all of the
constituents considered for regulation to reduce the analytical cost burdens
on the treater and to facilitate implementation of the compliance and enforce-
ment program. As discussed further below, a BDAT List constituent was not
considered for regulation if: (1) the constituent was not detected in the
untreated waste; (2) the constituent was not analyzed in the untreated waste;
or (3) detection limits or analytical results were not obtained for the
constituent due to analytical or accuracy problems. Some additional constitu-
ents were deleted from consideration for regulation, as discussed in Section

6.1.



Constituents That Were Not Detected in the Unt}eated Waste. Con-

stituents that were not detected in the untreated waste (labeled ND in Table
6-1) were not considered for regulation. Analytical detection limits were, in
most cases, practical quantification limits. Since detection limits vary
depending.upon the nature of the waste matrix being analyzed, the detection
limits determined in the characterization of these wastes are included in

Appendix H.

Constituents That Were Not Analyzed. Some constituents on the BDAT

List were not considered for regulation because they were not analyzed in the
untreated wastes (labeled NA in Table 6-1). Some constituents were not
analyzed in the untreated wastes based on the judgment that it is extremely
unlikely that the constituent would be present in the wastes. Other constitu-
ents were not analyzed in the untreated waste because they were not on the
BDAT List of constituents at the time of analysis. In cases where data were
submitted to the Agency by outside sources, it may not be known if and/or why

constituents were not analyzed.

Constituents For Which Analytical Results Were Not Obtained Due to

Analytical or Accuracy Problems. Some constituents on the BDAT List were not

congidered for regulation because detection limits or analytical results were
not obtained due to analytical or accuracy problems (labeled A in Table 6-1).
The analytical and accuracy problems included: (1) laboratory QA/QC analyses
indicated inadequate recoveries and, therefore, the accuracy of the analysis

for the constituent could not be ensured; (2) a standard was not available for
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the constituent and, therefore, system calibration could not be performed for
the constituent; and (3) colorimetric interferences occurred during analysis

for the constituent and, therefore, accurate analyses could not be performed.

6.1 Constituents Detected in Untreated Waste But Not Considered for

Regulation

Some BDAT List constituents that were detected in the untreated
KO48-K052 wastes were not considered for regulation. Constituenfs were not
considered for regulation if: (1) available treatment performance data for
the constituent did not show effective treatment by BDAT; or (2) treatment
performance data were not available for the constituent; or (3) other reasons,
as described below. BDAT List coﬁstituents that were further considered for
regulation following the deletions described in this section are listed on

Table 6-2.

Constituents for Which Available Treatment Performance Data Did Not

Show Effective Treatment by BDAT. BDAT List constituents that were present in

an untreated KO48-K052 waste but were not effectively treated by the tech-
nology basis for BDAT treatment standards were deleted from consideration for
regulation for the KOUB-K052 waste treatability group. Accordingly, sulfide
was not considered for regulation in wastewater and nonwastewater because the
BDAT technologies for KOU8-K0S2 do not prbvide effective treatment for this
constituent. Moreover, the Agency is unaware of any demonstrated technology

for treatment of sulfide in KOU8-K052.
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Similarly, antimony, barium, beryllium, cadmiﬁm, lead, mercury, and
silver were not considered for regulation in nonwastewater because the
Agency's data on stabpilization of nonwastewater (fluidized bed incinerator
ash) did not show effective treatment for these constituents.

In addition, barium was deleted from further consideration for
regulation in wastewaters because it is not effectively treated by chromium

reduction followed by lime and sulfide precipitation and vacuum filtration.

Constituents for Which Treatment Performance Data Were Not

Available. Hexavalent chromium and fluoride were not considered for regu-
lation in nonwastewater because they were not analyzed in the unstabilized
incinérator ash since they were not on the BDAT List at the time of analysis.
Therefore, the effectiveness of treatment could not be evaluated for these

constituents.

Fluorene, carbon disulfide, 2,4-dimethylphenol, and acenaphthene
were not considered for regulation in KO48-K052 nonwastewaters because the

Agency does not have BDAT treatment performance data for these constituents.

Cyanide was not considered for regulation in KO48-K052 wastewaters
because BDAT treatment performance data collected by EPA were not available
soon enough to allow the Agency to fully evaluate the data. The Agency is
continuing to evaluate these data and will consider regulating cyanide in

KO4B8-K052 wastewaters based on this evaluation.



Constituents Not Considered for Regulation for Other Reasons.

Copper, vanadium, and zinc were considered for regulation in KO48-K052 waste-
waters and nonwastewaters but were not selected as regulated constituents.
Although copper cyanide, vanadium pentoxide, and zinc cyanide are listed on
Appéndix VIII of 40 CFR Part 261, the metals are not listed individually.

In this First Thirds rulemaking, the Agency is only regulating copper,
vanadium, and/or zinc when they are indicators of performance of treatment for
Appendix VIII constituents. For KO48-K052, these metals (copper, vanadium,
aid zinc) are not used as indicators of performance of treatment for other

Appendix VIII constituents and are therefore not regulated.

One organic constituent, dichlorodifluoromethaﬁe, was deleted from
consideration for regulation in nonwastewater and wastewater.
Dichlorodifluoromethane was detected in two of six samples of untreated KOuU8
collected by EPA from Plant A; however, the constituent was also detected at a
higher concentration in another waste (biosludge) that was mixed with KO48
prior to the collection of the KOU8 sample and it is believed that this
accounted for its presence in the KOu8 Samples. Additionally,
dichlorodifluoromethane was not reported as present in KO48 in other data
sources, as shown in Table 2-4. Therefore, dichlorodifluoromethane was not

considered for regulation in KO48.

6.2 Constituents Selected for Regulation

BDAT List constituents selected for regulation in KOU8-K052 are
presented in Table 6-3. Included in Table 6-3 are the constituents selected

6-5



for regulation afteE consideration of: (1) constituent concentration levels
in the untreated waste; (2) whether the constituents are adequately controlled
by the regulation of another constituent; and- (3) the relative difficulty
associated with achieving effective treatment of the constituent by BDAT.

The selection of regulated constituents for nonwastewater is discussed in

Section 6.2.1 and for wastewater in Section 6.2.2.

6.2.1 Selection of Regulated Constituents in Nonwastewater

All of the organic, inorganic, and metal constituents that were
further considered for regulation were selected for regulation for KO48-K052

nonwastewater.

6.2.2 Selection of Regulated Constituents in Wastewater

ALl of the organic constituents that were further considered for
regulation were selected for regulation for KOUB8-K052 wastewaters. Treatment
performance data for organics in KO48-K0S2 wastewater are from samples of
scrubber water residual collected by EPA from incineration of KO48 at plant A.
Where performance data for a specific regulated constituent were not
available, data were transferred from another constituent that was detected in
the untreated waste. As shown in Section 7.0, the transfers were based on the

calculated bond dissociation energies (BDE) for the constituents.

Treatment performance data for metals in KO48-K0S52 wastewater were
transferred from treatment of K062 and metal-bearing characteristic wastes.
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The BDAT technology is chromium reduction followed by liﬁe and sulfide precip-

itation and vacuum filtration.

Only two metals, total chromium and lead, were selected for regu-
lation in KQu48-K052 wastewaters. No inorganic constituents were selected for
regulation in KO48-K052 wastewaters. All metal and inorganic constituents
considered for regulation, with the exception of total chromium and lead, were
not selected because these constituents were found at lower concentrations in
the untreated waste than other constituents and they are believed to be
adequately controlled by standards established for total chromium and lead.
Control is provided by the use of chromium reduction followed by lime and
sulfide precipitation and vacuum filtration treatment. By removing the metals
present at the highest concentrations in the untreated waste, adequate treat-
ment will be provided for other metals present at lower treatable concentra-

tions.
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Table 6-1

SUMMARY OF AVAILABLE CHARACTERIZATION DATA FOR BDAT LIST CONSTITUENTS
FOR UNTREATED KO48-K052

KO48 KOo49 K050 Ko51 K052
Detection Detection Detect ion Detection Detection
Status Status Status Status Status
Volatiles (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
222, Acetone NA NA NA NA NA
1. Acetonitrile ND ND ND ND ND
2. Acrolein ND ND ND ND ND
3. Acrylonitrile ND ND ND ND ND
4. Benzene 13-16 ND-1,600 ND 74 650
5. Bromodichloromethane ND ND ND ND ND
6. Bromomethane ND ND ND ND ND
223. n-Butyl alcohol NA NA NA NA ND
7. Carbon tetrachloride ND ND ND ND ND
8. Carbon disulfide A ND-0.96 ND A ND
9. Chlorobenzene ND ND ND ND ND
10. 2-Chloro-1,3-butadiene ND ND ND ND ND
11. Chlorodibromomethane ND ND ND ND ND
12. Chloroethane ND ND ND ND ND
13. 2-Chloroethyl vinyl ether A ND ND A ND
14, Chloroform ND ND ND ND ND
15. Chloromethane ND ND ND ND ND
16. 3-Chloropropene ND ND ND ND ND
17. 1,2-Dibromo-3-chloropropane ND ND ND ND ND
18. 1,2-Dibromoethane ND ND ND ND ND
19. Dibromomethane ND ND ND ND ND
20. trans-1,4-Dichloro-2-butene ND ND ND ND ND
21. Dichlorodifluoromethane ND-310 ND ND ND ND
22. 1,1-Dichloroethane ND ND ND ND ND
23. 1,2-Dichloroethane ND ND ND ND ND
A = Constituent was analyzed but a detection limit or analytical result was not obtained due to
analytical problems.
NA = Not analyzed.
ND = Not detected.
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Table 6-1 (Continued)

SUMMARY OF AVAILABLE CHARACTERIZATION DATA FOR BDAT LIST CONSTITUENTS

Volatiles (Cont.)

2l
25
26
27
28
29
224
225
226

30.

227
3
214
32
33
228
34
229

35.
37.
38.

230

39.
4o.

A

NA
ND

1,1-Dichloroethylene
trans-1,2-Dichloroethene
1,2-Dichloropropane
trans-1,3-Dichloropropene
cis-1,3-Dichloropropene
1,4-Dioxane
2-Ethoxyethanol

Ethyl acetate

Ethyl benzene

Ethyl cyanide

Ethyl ether

Ethyl methacrylate
Ethylene oxide
Iodomethane

Isobutyl alcohol
Methanol

Methyl ethyl ketone
Methyl isobutyl ketone
Methyl methacrylate
Methacrylonitrile
Methylene chloride
2-Nitropropane

Pyridine
1,1,1,2-Tetrachloroethane

FOR UNTREATED KO48-K052

Ko4u8

Detection

Status

(mg/kg)

ND
ND
ND
ND
ND

A
NA
NA

ND-120

ND
NA
ND
NA
ND
ND
NA
ND
NA
ND
ND
ND
NA
ND
ND

Koug

Detection

Status

(mg/kg)

ND
ND
ND
ND
ND
ND
NA
NA
120
ND
NA
ND
NA
ND
ND
NA
ND
NA
ND
ND
ND
NA
ND
ND

K050

Detection

Status

(mg/kg)

ND
ND
ND
ND
ND
ND
NA
NA
NA
ND
NA
ND
NA
ND
ND
NA
ND
NA
ND
ND
ND
NA
ND
ND

K051

Detection

Status

(mg/kg)

ND
ND
ND
ND
ND

A
NA
NA

46-120

ND
NA
ND
NA
ND
ND
NA
ND
NA
ND
ND
ND
NA
ND
ND

K052

Detection

Status

§mg/kg!

ND
ND
ND
ND
ND
ND
NA
NA

2,300
ND
NA
ND
NA
ND
ND
NA
ND
NA
ND
ND
ND
NA
ND
ND

Constituent was analyzed but a detection limit or analytical result was not obtained due to

analytical problems.
Not analyzed.
Not detected.
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Table 6-1 (Continued)

SUMMARY OF AVAILABLE CHARACTERIZATION DATA FOR BDAT LIST CONSTITUENTS

Volatiles (Cont.)

FOR UNTREATED KOLB8-K052

Kou8

Detection

Status

(mg/kg)

ND
ND
22-150
ND
ND
ND
ND
ND
ND
NA

ND

ND-170

ND
ND
ND

A
ND
ND
ND

A
ND

KOU9
Detection
Status

(mg/kg)

ND
MD
210-18,000
ND
 ND

ND
ND
ND
ND
NA

ND

150

ND
ND
ND
ND
ND
ND
ND-58

A

ND

K050

Detection

Status

(mg/kg)

ND
ND
ND
ND
ND
ND
ND
ND
ND
NA

ND

ND

ND
ND
ND
ND
ND
ND
ND
ND
ND

K051

Detection

Status

(mg/kg)

ND
ND
33-450
ND
ND
ND
ND
ND
ND
NA

ND

71-720

ND
ND-33
ND
A
ND
ND
13
A
ND-29

K052

Detection

Status

(mg/kg)

ND
ND
6,400
ND
ND
ND
ND
ND
ND
NA

ND

3,500

ND
ND
ND
ND
ND
ND
ND

ND

Constituent was analyzed but a detection limit or analytical result was not obtained due to

§1. 1,1,2,2-Tetrachloroethane
42. Tetrachloroethene

43. Toluene

44, Tribromomethane

45. 1,1,1-Trichloroethane

46. 1,1,2-Trichloroethane

§7. Trichloroethene

48. Trichloromonofluoromethane
49. 1,2,3-Trichloropropane
231. 1,1,2-Trichloro-1,2,2-tri-

fluoroethane

50. Vinyl chloride
215.-
217. Xylene
Semivolatiles

51. Acenaphthalene

52. Acenaphthene

53. Acetophenone

54, 2-Acetylaminofluorene

55. MN-Aminobiphenyl

56. Aniline

57. Anthracene

58. Aramite

59. Benz(a)anthracene

A =

analytical problems.

NA = Not analyzed.

ND

Not detected.
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Table 6-1 (Continued)

SUMMARY OF AVAILABLE CHARACTERIZATION DATA FOR BDAT LIST CONSTITUENTS

K050

Detect ion.

Status

(mg/kg)

NA
ND
0.7-3.6
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
" ND
ND

K051

Detection

Status
(mg/kg)

NA

A

0.002-45

ND
ND
ND

A
ND
ND
ND

ND-30

ND
ND

A

ND
A
ND
ND
ND
A .
14-51
ND
ND

K052

Detection

Status

(mg/kg)

NA

A

0.02-<1.8

ND
ND
ND

A
ND
ND
ND
ND
ND
ND
ND

ND -

A
ND
ND
ND

A
ND
13
13

detection limit or analytical result was not obtained due to

FOR UNTREATED KOUB8-K052
KO48 Kou9
Detection Detection
Status Status
Semivolatiles (Cont.) (mg/kg) (mg/kg)
218. Benzal chloride NA NA
60. Benzenethiol A A
62. Benzo(a)pyrene 0.004-1.75 0.002-<k0
63. Benzo(b)fluoranthene A ND
64. Benzo(ghi)perylene ND ND
65. Benzo(k)fluoranthene ND ND
66. p-Benzoquinone A A
67. Bis(2-chloroethoxy)ethane ND ND
68. Bis(2-chloroethyl)ether ND ND
69. Bis(2-chloroisopropyl)ether ND ND
70. Bis(2-ethylhexyl)phthalate ND-59 ND-29
71. U-Bromophenyl phenyl ether ND ND
72. Butyl benzyl phthalate ND ND
73. 2-sec-Butyl-4,6-dinitro- A ND
phenol
74. p-Chloroaniline ND ND
75. Chlorobenzilate A A
76. p-Chloro-m-cresol ND ND
77. 2-Chloronaphthalene ND ND
78. 2-Chlorophenol ND ND
79. 3-Chloropropionitrile A A
80. Chrysene ND-59 ND-44
81. ortho-Cresol ND ND
82. para-Cresol ND ND
A - Constituent was analyzed but a
analytical problems.
NA = Not analyzed.

ND

Not detected.
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Table 6-1 (Continued)

SUMMARY OF AVAILABLE CHARACTERIZATION DATA FOR BDAT LIST CONSTITUENTS
FOR UNTREATED KOUB-K052

Kou8 KO49 K050 K051 K052
Detection Detection Detect ion Detection Detection
Status Status Status Status Status
Semivolatiles (Cont.) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
232. Cyclohexanone NA NA NA NA NA
83. Dibenz(a,h)anthracene ND ND ND ND ND
84. Dibenzo(a,e)pyrene -~ A A ND A A
85. Dibenzo(a,i)pyrene A A ND A A
86. m-Dichlorobenzene ND ND ND ND ND
87. o-Dichlorobenzene ND ND ND ND ND
88. p-Dichlorobenzene ND ND ND ND ND
89. 3,3'-Dichlorobenzidine ND ND ND ND ND
90. 2,4-Dichlorophencl ND ND ND ND ND
91. 2,6-Dichlorophenol ND A ND ND A
92. Diethyl phthalate ND ND ND ND ND
93. 3,3'-Dimethoxybenzidine ND ND ND ND ND
94. p-Dimethylaminoazobenzene ND ND ND ND ND
95. 3,3'-Dimethylbenzidine A A ND A A
96. 2,4-Dimethylphenocl ND ND-3.3 ND ND y.2
97. Dimethyl phthalate ND ND ND ND ND -
98. Di-n-butyl phthalate 67-190 ND ND ND-230 ND
99. 1,4-Dinitrobenzene ND ND , ND ND ND
100. U4,6-Dinitro-o-cresol ND ND ND ND ~ ND
101. 2,4-Dinitrophenol ND ND ND ND ND
102. 2,4-Dinitrotoluene ND ND ND ND ND
103. 2,6-Dinitrotoluene ND ND ND ND ND
104. Di-n-octyl phthalate ND ND ND ND ND
105. Di-n-propylnitrosamine ND ND ND ND ND
A = Constituent was analyzed but a detection limit or analytical result was not obtained due to
analytical problems.
NA - Not analyzed.
ND = Not detected.
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Table 6-1 (Continued)

SUMMARY OF AVAILABLE CHARACTERIZATION DATA FOR BDAT LIST CONSTITUENTS
FOR UNTREATED KO48-K052

Ko48 KOH9 K050 K051 K052
Detection Detection Detection Detection Detection
Status Status Status Status Status
Semivolatiles (Cont.) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
106. Diphenylamine ND . ND ND ND ND
219. Diphenylnitrosamine NA NA NA NA NA
107. 1,2-Diphenylhydrazine ND ND ND ND ND
108. Fluoranthene ND ND ND ND ND
109. Fluorene ND-58 ND ND 11-37 ND
110. Hexachlorobenzene ND ND ND ND ND
111. Hexachlorobutadiene ND ND ND ND ND
112. Hexachlorocyclopentadiene ND ND ND ND ND
113. Hexachloroethane ND ND ND ND ND
114, Hexachlorophene A A ND A A
115. Hexachloropropene ND A ND ND A
116. Indeno(1,2,3-cd)pyrene ND ' ND ND ND ND
117. 1I1sosafrole A ND ND A ND
118. Methapyrilene A A ND A A
119. 3-Methylcholanthrene A ND "ND A ND
120. M ,4°'-Methylenebis A ND ND A ND
(2-chloroaniline)

36. Methyl methanesulfonate ND A ND ND A
121. Naphthalene 93-350 <40-680 ND 97-200 13
122. 1,4-Naphthoquinone ND A ND ND A
123. 1-Naphthylamine ND ' ND ND ND ND
124, 2-Naphthylamine ND ND ND ~ND ND
125. p-Nitroaniline ND ND ND ND ND
126. Nitrobenzene ND ND ND ND ND

A = Constituent was analyzed but a detection limit or analytical result was not obtained due to

analytical problems.
NA = Not analyzed.

ND Not detected.
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Table 6-1 (Continued)

SUMMARY OF AVAILABLE CHARACTERIZATION DATA FOR BDAT LIST CONSTITUENTS
FOR UNTREATED KO48-K052

KOA8 KO49 K050 K05 1 K052
Detection Detection Detection Detection Detection
Status Status Status Status Status
Semivolatiles (Cont.) - (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
127. MU4-Nitrophenol ND ND ND ND ND
128. N-Nitrosodi-n-butylamine ND A ND ‘ ND A
129. N-Nitrosodiethylamine ND - A ND ND A
130. N-Nitrosodimethylamine ND ND ND ND ND
131. N-Nitrosomethylethylamine A ND ND A ND
132. N-Nitrosomorpholine ND ND ND ND ND
133. N-Nitrosopiperidine ND ND ND ND ND
134. N-Nitrosopyrrolidine ND ND ND ND ND
135. 5-Nitro-o-toluidine A ND ND A ND
136. Pentachlorobenzene ND A ND ND A
137. Pentachloroethane ND A ND ND A
138. Pentachloronitrobenzene ND ND ND ND ND
139. Pentachlorophenol ND ND ND ND ND
140. Phenacetin ND ND ND ND ND
141. Phenanthrene 77-190 ND-390 ND 70-120 1.4
142. Phenol 3.0-210 ND-127 8-18.5 ND-156.7 <1.8-250
220. Phthalic anhydride NA NA NA NA NA
143, 2-Picoline ND ND ND ND ND
144, Pronamide - ND A ND ND A
145. Pyrene 31-93 33-110 ND 24-74 ND
146. Resorcinol ND A ND ND A
147. Safrole A ND ND A ND
8. 1,2,4,5-Tetrachlorobenzene ND ND ND ND ND
149. 2,3,4,6-Tetrachlorophenol ND ND ND ND ND
150. 1,2,4-Trichlorobenzene ND ND ND ND ND
A = Constituent was analyzed but a detection limit or analytical result was not obtained due to
analytical problems.

NA = Not analyzed.
ND =

Not detected.



€T-9

Table 6-1 (Continued)

SUMMARY OF AVAILABLE CHARACTERIZATION DATA FOR BDAT LIST CONSTITUENTS
FOR UNTREATED KOU8-K052

Semivolatiles (Cont.)

151. 2,4,5-Trichlorophenol

152. 2,4,6-Trichlorophenol

153. Tris(2,3-dibromopropyl)
phosphate

Metals

154. Antimony

155. Arsenic

156. Barium

157. Beryllium

158. Cadmium

159. Chromium (total)

221. Chromium (hexavalent)

160. Copper

161. Lead

162. Mercury

163. Nickel

164. Selenium

165. Silver

166. Thallium

167. Vanadium

168. Zinc

NA = Not analyzed.

ND

non

Not detected.

KOou8
Detection
Status

(mg/kg)

ND
ND
ND

4.4-7
0.05-10.5
43.0-59
0.0012-0.84
ND-0.7
0.04-3,435
ND
0.05-56
0.05-1,250
ND-0.89
0.025-16
0.1-11
0.0013-6
ND
0.05-460
10-1,825

Ko49

Detection
Status

(mg/kg)

ND
ND
ND .

ND-19
€2.2-30
28-370
ND-0.35

0.19-28.8
28.9-1,400
0.02-<1.9
48-79.8
21.95-3,900

ND-32
9.2-86
ND-5.0

<0.38-0.4
ND
2.5-60
72.8-250

K050
Detection
Status

(mg/kg)

ND
ND
ND

ND
10.2-11
ND
0.05-0.34
1.0-1.5
11-1,600
0.01-<1.0
67-75
0.5-1,100
0.14-3.6
61-170
2.4-52
0.0007-0.01
ND
0.7-50
91-297

K051
Detection
Status

(mg/kg)

ND
ND
ND

9-18
0.1-32
68-412

0.0012-0.24
0.024-3.0
0.1-6,790
0.01-22
2.5-550
0.25-2,480
0.04-6.2
0.25-150.4
0.005-12
0.05-3
ND
1-350
25-6,596

K052
Detection
Status

(mg/kg)

ND
ND
ND

1M
63-525
8
0.0025-<0.1
0.82-8.1
1.0-504
NA
110-172
11-5,800
0.19-2.4
97.2-392
3.1-<100
.0.05-<6.0
ND
1.0-9.8 .
17.1-17,000
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Table 6-1 (Continued)

SUMMARY OF AVAILABLE CHARACTERIZATION DATA FOR BDAT LIST CONSTITUENTS
FOR UNTREATED KO48-K052

Kou8 Kou9 K050 K051 K052
Detection Detection Detection Detection Detection
Status Status Status Status Status

Inorganics (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
169. Cyanide 0.01-7.9 0.000012-52.5 0.0004-3.3 0.00006-51.4 1.89
170. Fluorlide 5.3-22.0 1.31 : ND ND 955
171. Sulfide 130-2,800 34.4 ND 120-4,800 111
Organochlorine Pesticides
172. Aldrin . NA NA NA NA NA
173. alpha-BHC NA NA NA NA NA
174. beta-BHC NA NA NA NA NA
175. delta-BHC NA NA NA NA NA
176 . gamma-BHC NA NA NA NA NA
177. Chlordane NA NA NA NA NA
178. DDD NA NA NA NA NA
179. DDE NA NA NA NA NA
180. DDT NA NA NA NA NA
181. Dieldrin : NA . NA _ NA NA NA
182. Endosulfan 1 NA NA NA NA NA
183. Endosulfan 11 NA NA NA NA NA
184. Endrin NA NA NA NA NA
185. Endrin aldehyde NA NA NA NA NA
186. Heptachlor NA NA NA NA NA
187. Heptachlor epoxide NA NA NA NA NA
188. 1Isodrin NA NA NA NA NA

NA
ND

Not analyzed.
Not detected.
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Table 6-1 (Continued)

SUMMARY OF AVAILABLE CHARACTERIZATION DATA FOR BDAT LIST CONSTITUENTS
FOR UNTREATED KO48-K052

K048 Ko49 K050 K051 K052
Detection - Detection Detection Detection Detection
Status Status Status Status Status
Organochlorine Pesticides (Cont.) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
189. Kepone NA NA NA NA NA
190. Methoxychlor NA NA NA NA NA
191. Toxaphene NA NA NA NA NA
Phenoxyacetic Acid Herbicides
192. 2,4-Dichlorophenoxyacetic NA NA NA NA NA
acid :
193. Silvex NA NA NA NA NA
194. 2,4,5-T . NA NA NA NA NA
Organophosphorus Insecticides
195. Disulfoton NA NA NA NA NA
196. Famphur NA NA NA NA NA
197. Methyl parathion NA NA NA NA _ NA °
198. Parathion NA NA NA NA NA
199. Phorate NA NA NA NA NA
PCBs
200. Aroclor 1016 NA NA NA NA NA
201, Aroclor 1221 NA NA NA NA NA
202. Aroclor 1232 NA NA NA NA NA
203. Aroclor 1242 NA NA NA NA NA

NA = Not analyzed.
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Table 6-1 (Continued)

SUMMARY OF AVAILABLE CHARACTERIZATION DATA FOR BDAT LIST CONSTITUENTS

PCBs (Cont.)

204, Aroclor 12U8
205. Aroclor 1254
206. Aroclor 1260

Dioxins and Furans

207. Hexachlorodibenzo-p-dioxins
208. Hexachlorodibenzofuran

209. Pentachlorodibenzo-p-dioxins
210. Pentachlorodibenzofuran

211. Tetrachlorodibenzo-p-dioxins
212. Tetrachlorodibenzofuran

213. 2,3,7,8-Tetrachlorodibenzo-p-

dioxin

NA = Not analyzed.

FOR UNTREATED KO48-K052

Kou8

Detection

Status
- (mg/kg)
NA

NA
NA

NA
NA
NA
NA
NA
NA

KOu9

Detection

Status

(mg/kg)

NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

K050

Detect ion

Status

(mg/kg)

NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

K051

Detection

Status

(mg/kg)

NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

K052

Detection

Status

(mg/kg)

NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
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Table 6-2

BDAT LIST CONSTITUENTS CONSIDERED FOR REGULATION®

NONWASTEWATER
KOu8 KO49 K050 K051 K052
4. Benzene . Benzene 62. Benzo(a)pyrene 4. Benzene 4. Benzene
226. Ethylbenzene 226. Ethylbenzene 142, Phenol 226. Ethylbenzene 226. Ethylbenzene
43. Toluene 43. Toluene 155. Arseniec 43. Toluene 43. Toluene
% Xylene 4% Jylene 159. Chromium(total) #*%* (Xylene "*  Xylene
62. Benzo(a)pyrene 57. Anthracene 163. Nickel 57. Anthracene 62. Benzo(a)pyrene
70. Bis(2-ethyl- 62. Benzo(a)pyrene 164. Selenium 59. Benz(a)anthra- 81. ortho-Cresol
hexyl)phthal- 70. Bis(2-ethyl- 169. Cyanide cene 82. para-Cresol
ate hexyl)phthal- 62. Benzo(a)pyrene 121. Naphthalene
80. Chrysene _ ate 70. Bis(2-ethyl- 141. Phenanthrene
98. Di-n-butyl 80. Chrysene , hexyl)phthal- 142. Phenol
phthalate 121. Naphthalene ate 155. Arsenic
121. Naphthalene 141. Phenanthrene 80. Chrysene 159. Chromium(total)
141. Phenanthrene 142. Phenol 98. Di-n-butyl 163. Nickel
142. Phenol 145. Pyrene phthalate 164. Selenium
145, Pyrene 155. Arsenic 121. Naphthalene 169. Cyanide
155. Arsenic 159. Chromium(total) 141. Phenanthrene
159. Chromium(total) 163. Nickel 142. Phenol
163. Nickel 164, Selenium 145. Pyrene
164. Selenium 169. Cyanide 155. Arsenic
169. Cyanide 159. Chromium(total)

163. Nickel
164, Selenium
169. Cyanide

®pl] constituents on this list were detected in the untreated KO48-K052 wastes and were either selected
for regulation (as shown in Table 6-3) or are believed to be controlled by regulation of another

constituent.

*#Includes BDAT List constituents 1,2-xylene (#215), 1,3-xylene (#216), and 1,lU-xylene (#217).
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Table 6-2 (Continued)

BDAT LIST CONSTITUENTS CONSIDERED FOR REGULATION®

WASTEWATER
Kou8 K049 K050 K051 K052
Y4, Benzene 4. Benzene 62. Benzo(a)pyrene 4. Benzene 4. Benzene
226. Ethylbenzene 8. Carbon disul- 142, Phenol 226. Ethylbenzene 226. Ethylbenzene
% Xylene fide 155. Arsenic 43. Toluene 43. Toluene
43. Toluene 226. Ethylbenzene 157. Beryllium % Xylene % Xylene
62. Benzo(a)pyrene 43. Toluene 158. Cadmium 52. Acenaphthene 62. Benzo(a)pyrene
70. Bis(2-ethyl- #%  )ylene 159. Chromium(total) 57. Anthracene 81. ortho-Cresol
hexyl)phthal- 57. Anthracene 221, Chromium 59. Benz(a)anthra- 82. para-Cresol
ate 62. Benzo(a)pyrene (hexavalant) cene 96. 2,4-Dimethyl-
80. Chrysene 70. Bis(2-ethyl- 161. Lead 62. Benzo(a)pyrene phenol
98. Di-n-butyl hexyl)- 162. Mercury 70. Bis(2-ethyl- 121. Naphthalene
phthalate phthalate 163. Nickel hexyl)- 141. Phenanthrene
109. Fluorene 80. Chrysene 164. Selenium phthalate 142. Phenol
121. Naphthalene 96. 2,4-Dimethyl- 165. Silver 80. Chrysene 154, Antimony
141. Phenanthrene phenol 98. Di-n-butyl 155. Arsenic
142. Phenol 121. Naphthalene phthalate 157. Beryllium
145. Pyrene 141. Phenanthrene 109. Fluorene 158. Cadmium
154, Antimony 142. Phenol 121, Naphthalene 159. Chromium(total)
155. Arsenic 145. Pyrene 141. Phenanthrene 161. Lead
157. Beryllium 154, Antimony 142. Phenol 162. Mercury
158. Cadmium 155. Arsenic 145. Pyrene 163. Nickel
159. Chromium(total) 157. Beryllium 154. Antimony 164. Selenium
161. Lead 158. Cadmium 157. Beryllium 155. Arsenic
162. Mercury 159. Chromium(total) 158. Cadmium 165. Silver
163. Nickel 221. Chromium(hexa- 159. Chromium(total) 170. Fluoride
valent)

#A11 constituents on this list were detected in the untreated KOY8-K052 wastes and were either selected

for regulation (as shown

constituent.

**Includes BDAT List constituents 1,2-xylene (#215), 1,3-xylene (#216), and 1,U-xylene (#217).

in Table 6-3) or are believed to be controlled by regulation of another
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K048

Table 6-2 (Continued)

BDAT LIST CONSTITUENTS CONSIDERED FOR REGULATION®

Kou9

WASTEWATER (Continued)

K050 K051 K052

164. Selenium 161. Lead 221. Chromium
165. Silver 162. Mercury (hexavalent)
170. Fluoride 163. Nickel 161. Lead

164. Selenium 162. Mercury

165. Stilver 163. Nickel

170. Fluoride 164. Selenium

165. Silver

#511 constituents on this 1ist were detected in the untreated KO4B8-K052 wastes and were either selected

for regulation (as shown in Table 6-3) or are believed to be controlled by regulation of another

constituent.
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Table 6-3

BDAT LIST CONSTITUENTS SELECTED FOR REGULATION

NONWASTEWATER
Kousg K049 K050 K051 K052
4. Benzene 4. Benzene 62. Benzo(a)pyrene 4. Benzene 4. Benzene
226. Ethylbenzene 226. Ethylbenzene 142. Phenol 226. Ethylbenzene 226. Ethylbenzene
43. Toluene 43. Toluene 155. Arsenic 43. Toluene 43. Toluene
®  Xylene ®  Xylene 159. Chromium(total) ®* Xylene #  Xylene
62. Benzo(a)pyrene 57. Anthracene 163. Nickel 57. Anthracene 62. Benzo(a)pyrene
70. Bis(2-ethyl- 62. Benzo(a)pyrene 164. Selenium 59. Benz(a)anthra- 81. ortho-Cresol
hexyl)phthal- 70. Bis(2-ethyl- 169. Cyanide cene 82. para-Cresol
ate hexyl)- 62. Benzo(a)pyrene 121. Naphthalene
80. Chrysene phthalate 70. Bis(2-ethyl- 141. Phenanthrene
98. Di-n-butyl 80. Chrysene hexyl)- 142. Phenol
phthalate 121. Naphthalene phthalate 155. Arsenic
121. Naphthalene 141. Phenanthrene 80. Chrysene 159. Chromium(total)
141. Phenanthrene 142. Phenol 98. Di-n-butyl 163. Nickel
142. Phenol 145. Pyrene phthalate 164. Selenium
145. Pyrene 155. Arsenic : 121. Naphthalene 169. Cyanide
155. Arsenic 159. Chromium(total) 141. Phenanthrene
159. Chromium(total) 163. Nickel 142. Phenol
163. Nickel 164. Selenium 145. Pyrene
164. Selenium 169. Cyanide 155. Arsenic
169. Cyanide 159. Chromium(total)
> 163. Nickel
164. Selenium
169. Cyanide

#Includes BDAT List constituents 1,2-xylene (#215), 1,3-xylene (#216), and 1,4-xylene (#217).
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Table 6-3 (Continued)

BDAT LIST CONSTITUENTS SELECTED FOR REGULATION

*Includes BDAT Llst‘constltuents 1,2-xylene (#215), 1,3-xylene (#216), and 1,4-xylene (#217).

WASTEWATER
KOo48 KOY49 K050 K051 K052
4. Benzene 4. Benzene 62. Benzo(a)pyrene 4. Benzene Y. Benzene
226. Ethylbenzene 8. Carbon disul- 142, Phenol 226. Ethylbenzene 226. Ethylbenzene
" 43. Toluene fide 159. Chromium(total) 43. Toluene 43. Toluene
*  Xylene 226. Ethylbenzene 161. Lead % JXylene %  Xylene
62. Benzo(a)pyrene U43. Toluene 52. Acenaphthene 62. Benzo(a)pyrene
70. Bis(2-ethyl- *  Xylene 57. Anthracene 81. ortho-Cresol.
hexyl)- 57. Anthracene 59. Benz(a)anthra- 82. para-Cresol
phthalate 62. Benzo(a)pyrene cene 96. 2,4-Dimethyl-
80. Chrysene 70. Bis(2-ethyl- 62. Benzo(a)pyrene phenol
- 98. Di-n-butyl hexyl)- 70. Bis(2-ethyl- 121. Naphthalene
phthalate phthalate hexyl)- 141. Phenanthrene
109. Fluorene 80. Chrysene phthalate 142,  Phenol
121. Naphthalene 96. 2,4-Dimethyl- 80. Chrysene 159. Chromium(total)
141, Phenanthrene phenol 98. Di-n-butyl 161. Lead
142. Phenol 121. Naphthalene phthalate
145. Pyrene 1i1. Phenanthrene 109. Fluorene
159. Chromium(total) 142. Phenol 121. Naphthalene
161. Lead 145. Pyrene 141. Phenanthrene
159. Chromium(total) 142. Phenol
161. Lead . 145. Pyrene
159. Chromium(total)
161. Lead



7.0 CALCULATION OF TREATMENT STANDARDS

In Section 5.0 of this document, the best demonstrated and available
technblogies for treatment of the petroleum refinery waste treatability group
(KOuU8-K052) were chosen based on available performance data. In Section 6.0,
the regulated constituents were selected to ensure effective treatment of the
wastes. The purpose of Section 7.0 is to calculate treatment standards for
the regulated constituents using the available treatment data from the BDAT
treatment technologies. Included in this section is a step-by-step discussion
of the calculation of treatment standards for the nonwastewater and wastewater

forms of KO48-K052 wastes.

BDAT treatment standards for KO48-K052 nonwastewaters and waste-
waters are based on the demonstrated technologies of solvent extraction,
fluidized bed incineration, stabilization, and chromium reduction followed by
lime and sulfide precipitation and vacuum filtration. Several BDAT List
organics, inorganics (cyanide), aﬁd metals are regulated in nonwastewater and
several BDAT List organics and metals are regulated in wastewater forms of

Kou8-K052.

The treatment standards were calculated using the following three
steps: (1) The arithmetic average of the corrected treatment values for each
regulated constituent was calculated. (2) Using the same corrected treatment
values, a variability factor was calculated that represents the variability

inherent in performance of treatment systems, collection of treated samples,
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and analysis of samples. Where concentrations in the treated waste were
reported as less than or equal to the detection limit for all the data points
in.the data set, variability is still expected since the actual concentration
could range from zer> to the detection limit. In these cases, the Agency
assum i a lognormal distribution of data points between the detection limit
and a value 1/10 of the detection limit and calculated a variability factor »>f
2.8. (3) The treatment standard for each regulated constituent was calculated
by multiplying the arithmetic average of the corrected treatment values for
the constituent by the variability factor.

7.1 Calculation of Treatment Standards for Nonwastewater Forms of
KO48-K052

BDAT List Organics

BDAT treatment standards for KOU48-K052 nonwastewater organic con-
stituents are based on performance data from three-cycle solvent extraction at
plant M with the exception of the treatment standard for di-n-butyl phthalate,
which is based on performance data from fluidized bed incineration at plant A.
As discussed in Section 5.0, di-n-butyl phthalate is being regulated based on
fluidized bed incineration, as proposed, to ensure that the standard can be
achieved through incineration of these wastes, as well as solvent extraction.
Testing for three-cycle solvent extraction was performed on representative
samples of a nonwastewater KOU8-K052 mixture. Testing for fluidized bed

incineration was performed on KO48 and K051,
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Solvent extraction results in the generation Bf a treated waste
residual. As generated, the residual is usually a nonwastewater form of
KO48-K052 according to the BDAT definition for nonwastewaters. However, the
residual may be separated by filtration into a wastewater and a nonwastewater
form of KO48-KO52. Incineration generally results in the generation of ash (a
nonwastewater form of KO48-KO52) and combustion gas scrubber water (a waste-
water form of KO48-K052). The best measure of performance for waste reduction
or desﬁruction technologies, such as solvent extraction and incineration, is
the total amount of constituent remaining after treatment. Therefore, BDAT
treatment standards for nonwastewater organic constituents were calculated

based on total constituent concentration data.

Six sets of untreated waste data and eight sets of treated waste
data for three-cycle solvent extraction at plant M were used to calculate the
nonwastewater organic constituent treatment standards (except di-n-butyl
phthalate) for KOU8-K052. The treatment standard was then transfgrred to
KO49, K050, and K052. Table U-18 of Section 4.0 presents the total concentra-
tion values for organic constituents in the treated and untreated wastes for
three-cycle solvent extraction. Values are presented for all regulated
organic constituents in KOU48-K052 for which performance data are available.
For di-n-butyl phthalate, the KO48-K052 nonwastewater treatment standard was
calculated from 6 sets of data from incineration'of KO48 and K051 at plant A.
Tables 4-2 through U4-7 of Section 4.0 present the total concentration values
for di-n-butyl phthalate in the untreated and treated wastes for fluidized bed
incineration. Tables 7-1, 7-3 through 7-5, 7-7, and 7-9 through 7-11 at the
end of this section present the data used for calculation of organic treatment
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" standards in KO48, KO49, K050, K051, and K052 nonwastewaters, respectively.
These tables include calculated treatment standards for naphthalene and

xylene which were selected for regulation in Section 6.2. However, the Agency
is not promulgating these standards for naphthalene and xylene but rather is
reserving these standards. EPA intends to gather additional data on the

treatment of these constituents after promulgation.

Four organic constituents that were selected for regulation in the
KO48-K052 nonwastewaters were found at nondetectable levels in both the
untreated and treated wastes tested at plant M. These constituents, anthra-
cene, ortho-cresol, para-cresol, and phenol, were detected in other KO48-K052
wastes, as shown in Tables 2-4 through 2-8. The Agency believes that these
constituents may also have been present in the waste tested at plant M but at
a level below detection. The treatment standards for these constituents were
calculated based on the detection limits for these constituents in the treated

waste,

BDAT List Metals and Inorganiecs

BDAT treatment standards for KO48-K052 nonwastewater inorganics
(cyanide) are based on performance data from fluidized bed incineration of
KO48 and KO51. The cyanide treatment standard was then transferred to KO49,
K050, and KO52. Additionally, BDAT treatment standards for K048-K052 non-
wastewater metals are based on performance data from stabilization of inciner-
ator ash. The incinerator ash is from the incineration of KO48 and KO51. The
metals treatment standards were then transferred to KO49, K050, and K0S52.
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Incineration generally results in the generatién of two treatment
residuals: ash (a nonwastewater form of KO48-K052) and combustion gas
scrubber water (a wastewater form of KOU8-K052). The best measure of perfor-
mance for a destruction technology, such as incineration, is the total amount
of constituent remaining after treatment. Therefore, BDAT treatment standards
for nonwastewater inorganic constituents (cyanide) were calculated based on
total constituent concentration data. Stabilization reduces the leachability
of metals in the waste. The best measure of performance for stabilization
technologies is the analysis of the toxicity characteristic leaching procedure
(TCLP) extract. Therefore, proposed BDAT treatment standards for metals in

nonwastewater forms of KOUB-K052 were calculated based on TCLP .data.

Six data setﬁ for fluidized bed incineration and three data sets for
lime and fly ash stabilization were used to calculate the nonwastewater
(inorganic and metal) treatment standards for KO48 and KO51. Table 7-1
presents the six values of total concentration data (inorganics) for fluidized
bed incineration ash and Table 7-2 presents the three values of TCLP treated
waste data (metals) for lime and fly ash stabilized ash. Values are presented
for all regulated constituents in KOU8-K052 that are based on treatment data
from the incineration of KOU8 and KOS5! at plant A and from the stabilization
treatment test at plant I. The concentration data presented in Tables 7-1 and
7-2 have been corrected to account for analytical recovery as described in
Section 5.0. Tables 7-4 and 7-12 at the end of this section present the
adjusted data used for calculation of the treatment standards for inorganics

and metals in KOU8 and KO51.
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Treatment performance data are not availible for fluidized bed
incineration and lime and fly ash stabilization of KOou4g, K050, and K052
wastes. Therefore, the Agency is transferring data from treatment of KO48 and
KO51 at plant A and plant I to KO49, K050, and K052 for the inorganic and
metal constituents. The calculation of treatment standards for KOQOU49, KOSO,
and K052 are presented in Tables 7-6, 7-8, and 7-10, respectively. The
transfer of such treatment data is supported by the determination that
KOuUB-K052 represents a single waste treatability group as discussed in Section
2.0. The determination of the waste treatability group is based on the
similarity of the composition of the untreated wastes and the fact that all of
these wastes are generated by petroleum refineries. Available treatment data
from KOU8 and K051 were transferred to the same constituent in KO49, K050, and
K052 to calculate the treatment standards for each of these waste codes.
Treatment performance data were transferred in this way for all regulated

inorganic and metal constituents in KO49, K050, and K052 wastes.

7.2 Calculation of Treatment Standards for Wastewater Forms of KOU8-K052

BDAT List Organics

BDAT treatment standards for organic constituents in KOu8-K052
wastewater are based on performance data from fluidized bed incineration. Six
sets of characterization and performance data for organics in KO48 wastewater

(scrubber water) were collected by the Agency from the fluidized bed incinera-
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tion process at plant A, Performance data from this testing were then trans-
ferred to KO49, K050, KO51, and K052 for development of treatment standards.
Treatment standards for constituents that were selected for regulation in
KOU9-KO052 but that were not present in the tested KO48 wast: were based on
performance data from another constituent that was present in the tested
waste. Data were transferred based on the characteristics of the waste that
affect the performance of treatment by incineration relative to the scrubber
water residual, specifically the estimated bond dissociation energies of the
constituents. In general, the Agency believes that a constituent having a
higher bond dissociation energy (BDE) is more difficult to treat than another
constituent with a lower BDE. (The waste characteristics affecting the
performance of incineration are discussed in more detail in Section 3.4.)
Data were transferred from a constituent that had an equal or higher bond

dissociation energy.

Cases where such a transfer of data occurred are summarized below
and are noted on Tables 7-13 through 7-17 at the end of this section. Tables
7-13 through 7-17 also show the calculations of the treatment standards for
each waste. The bond dissociation energies are preiented for each constituent

in Appendix I.

57. Anthracene (KO49, KO51). The treatment standard for anthracene

(BDE 2900 kcal/mole) for KOU49 and K051 is based on data transferred from
treatment of phenanthrene (BDE 2900 kcal/mole). Based on the discussion of

waste characteristics affecting treatment performance of fluidized bed
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incineration in Section 3.4, the Agency expects that anthracene can be treated

to concentration levels as low or lower than phenanthrene.

8. Carbon disulfide (KO49). The treatment standard for carbon

disulfide (BDE 270 kcal/mole) for KOU9 is based on data transferred from
treatment of benzene (BDE 1340 kcal/mole). Based on the discussion of waste
characteristics affecting treatment performance of fluidized incineration in
Section 3.4, the Agency expects that carbon disulfide can be treated to

concentration levels as low or lower than benzene.

96. 2.4-Dimethylphenol (KOU9, KOS52). The treatment standard for

2,4-dimethylphenol (BDE 2005 kcal/mole) for KO49 and K052 is based on data
transferred from treatment of naphthalene (BDE 2120 kcal/mole). Based on the
discussion of waste characteristics affecting treatment performance of fluid-
ized bed incineration in Section 3.4, the Agency expects that 2,4-dimethyl-
phenol can be treated to concentration levels as low or lower than

naphthalene.

52. Acenaphthene (KOS1). The treatment standard for acenaphthene

(BDE 2570 kecal/mole) for KO51 is based on data transferred from treatment of
fluorene (BDE 2740 kcal/mole). Based on the discussion of waste characteris-
tics affecting performance of fluidized bed incineration in Section 3.4, the
Agency expects that acenaphthene can be treated to concentration levels as low

or lower than fluorene.
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59. Benz(a)anthracene (K051), The treatment ‘standard for benz(a)-

anthracene (BDE 3680 kcal/mole) for K051 is based on data transferred from
treatment of chrysene (BDE 3690 kcal/mole). Based on the discussion of waste charact.:
in Section 3.4, the Agency expects that benz(a)anthracene can be treated to

concentration levels as low or lower than chrysene.

81. ortho-Cresol (K052). The treatment standard for ortho-cresol

(BDE 1720 kcal/mole) for K052 is based on data transferred from treatment of
ethylbenzene (BDE 1830 kcal/mole). Based on the discussion of waste charac-
teristics affecting treatment performance of fluidized bed incineration in
Section 3.4, the Agency expects that ortho-cresol can be treated to concentra-

tion levels as low or lower than ethylbenzene.

82. para-Cresol (K052). The treatment standard for para-cresol

(BDE 1720 kcal/mole) for K052 is based on data transferred from treatment of
ethylbenzene (BDE 1830 kcal/mole). Based on the discussion of waste charac-
teristics affecting treatment performance of fluidized bed incineration in

Section 3.4, the Agency expects that para-cresol can be treated to concentra-

tion levels as low or lower than ethylbenzene.

BDAT List Metals

The Agency does not have performance data for treatment of metals in
KOU8-K052 wastewaters. However, the Agency has treatment performance data

from treatment of K062 and metal-bearing characteristic wastes using chromium
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reduction followed by lime and sulfide precipita;ion and vacuum fiiltration.
The Agency believes that K062 and metal-bearing characteristic wastes are
sufficiently similar to KO48-K052 wastewaters since both contain similar types
of metals. Therefore, treatment performance data for K062 and metal-bearing
characteristic wastes were transferred to each metal regulated in KO48-K052

wastewaters.

Chromium reduction followed by lime and sulfide precipitation and
vacuum filtration is a removal technology for metals in the wastewater resid-
ual. The best measure of performance for a removal technology is the total
amount of constituent remaining after treatment. Therefore, BDAT treatment
standards for metals in wastewater forms of KO48-K052 were calculated based on
total constituent concentration data. The calculations of treatment standards

for metals in KO48-K052 wastewaters are presented in Table 7-13 through 7-17.



Table 7-1
CORRECTED TOTAL CONCENTRATION DATA FOR CYANIDE AND
DT-N-BUTYL PHTHALATE IN FLUIDIZED BED INCINERATOR ASH

Corrected Concentrations
in the Treated Waste, ppm

Data Set: 1 2 3 4 5 6
Constituent :
98. Di-n-butyl phthalate 1.49 1.49 1.49 1.49 1.49 1.49
169. Cyanide 0.1 0.38 0.1 0.48 0.1 0.48

7-11



155.
159.
163.
164,

Table 7-2

CORRECTED TCLP DATA FOR REGULATED METALS IN
STABILIZED (LIME AND FLY ASH) INCINERATOR ASH

Corrected TCLP Extracts
in the Treated Waste, ppm

7-12

Data Set 1 2 3
Constituent
Metals
Arsenic 0.004 0.004 0.004
Chromium (total) 1.47 1.58 1.41
Nickel 0.026 0.026 0.026
Selenium 0.015 0.019 0.020
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Table 7-3

CALCULATION OF NONWASTEWATER TREATMENT STANDARDS
FOR ORGANIC CONSTITUENTS IN KO48

Arithmetic Treatment*
Average of Standard
Untreated KO48-K052 Treatment Variability (Average x VF)
Regulated Constituent at Plant M (ppm) Values (ppm) Factor (VF) {ppm)
Organics
(Total Composition)
Benzene 86-190 3.17 2.99 9.5
Benzo(a)pyrene <19-<21 0.66 1.26 0.8
Bis(2-ethylhexyl) <19-<21 4.96 7.36 37
phthalate
Chrysene - €20-33 .21 1.79 2.2
Ethylbenzene 76-120 13.53 4.93 67
Naphthalene 56-140 156.00 6.62 1,000%
Phenanthrene 64-140 2.90 2.67 7.1
Phenol <10 1.10 2.46 2.1
Pyrene <20-36 1.08 1.82 2.0
Toluene 230-470 3.17 2.99 9.5
Xylene (total) 420-570 243.63 7.48 1,800%

*The values shown on this table for treatment standards have been rounded to show significant figures
only. '

®The table shows the calculated treatment standards for naphthalene and xylenes; however, the Agency is
not promulgating standards at these levels and is instead reserving standards for these constituents.
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Table 7-4

CALCULATION OF NONWASTEWATER TREATMENT STANDARDS
FOR CYANIDE, DI-N-BUTYL PHTHALATE, AND METAL CONSTITUENTS IN K048

Unstabilized

Incinerator Ash®
from Plant A (ppm)

Regulated Constituent

Metals

!TCLP[

Arsenic 0.006-0.018
Chromium (total) 2.64-3.26
Nickel 0.027-0.041
Selenium 0.025-0.15
Total Composition

Cyanide <0.1-1.08
Di-n-butyl phthalate 67-1908

Arithmetic
Average of
Corrected Treatment
Values (ppm)

Variability

Factor (VF)

0.004 1.10
1.48 1.4
0.026 1.79
0.018 1.38
0.27 6.37
1.49 2.80

Treatment™*
Standard
(Average x VF)
(ppm)

0.0040
1.7
0.048
0.025

e
[AS N o <]

*The values shown on this table for treatment standards have been rounded to show significant figures

only.
eRange in untreated KO48 from Plant A.

STCLP extract concentrations for the unstabilized ash have been corrected for recovery.
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Table 7-5

CALCULATION OF NONWASTEWATER TREATMENT STANDARDS
FOR ORGANIC CONSTITUENTS IN KOu9

Arithmetic ' "~ Treatment®

Average of Standard
Untreated KO4B8-K052 Treatment Variability (Average x VF)

Regulated Constituent at Plant M (ppm) Values (ppm) Factor (VF) ( ppm)
Organics
(Total Composition)
Anthracene <19-¢21 2.38 2.01 6.2
Benzene 86-190 3.17 2.99 9.5
Benzo(a)pyrene <19-<21 0.66 1.27 0.84
Bis(2-ethylhexyl)phthalate <19-<21 4.96 7.36 37
Chrysene <20-33 1.21 1.79 2.2
Ethylbenzene 76-120 13.53 4.93 67
Naphthalene 56-140 156.00 6.62 1,000%
Phenanthrene 64-140 2.90 2.67 7.7
Phenol <10 1.10 2.46 2.7
Pyrene <20-36 1.08 1.82 2.0
Toluene 230-470 3.17 2.99 9.5
Xylene (total) _ 420-570 243.63 7.48 1,800%

*The values shown on this table for treatment standards have been rounded to show significant figures
only.

®The table shows the calculated treatment standards for naphthalene and xylenes; however, the Agency is-
not promulgating standards at these levels and is instead reserving standards for these constituents.
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Table 7-6

CALCULATION OF NONWASTEWATER TREATMENT STANDARDS
FOR CYANIDE AND METAL CONSTITUENTS IN KO49

Constituent
From Which Average of Treatment*
Treatment Untreated Corrected Standard
Data Were Concentration Treatment Variability (Average x VF)
Regulated Constituent Trangferred® (ppm)#* Values (ppm) Factor {(VF) { ppm)
Metals
(TCLP)
Arsenic Arsenic 0.006-0.018 0.004 1.10 0.0040
Chromium (total) Chromium (total) = 2.64-3.26 1.48 1.14 1.7
Nickel Nickel 0.027-0.041 0.026 1.79 0.048
Selenium Selenium 0.025-0.15 0.018 1.38 0.025
Inorganics
(Total Composition)
Cyanide Cyanide _ <0.1-1.4 0.274 6.37 1.8

#pata were transferred from KO4B and KO51.
#8This is the untreated concentration in KOU8 and K051 of each constituent from which treatment data
were transferred.
*The values shown on this table for treatment standards have been rounded to show significant figures
only.
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Table 7-7

CALCULATION OF NONWASTEWATER TREATMENT STANDARDS
FOR ORGANIC CONSTITUENTS IN K050

Arithmetic - Treatment+
Untreated Average of Standard
KOu8-K052 Treatment Variability (Average x VF)
Regulated Constituent at Plant M (ppm) Values (ppm) Factor (VF {ppm)
Organics
(Total Composition) .
Benzo(a)pyrene <19-<21 0.66 1.27 0.8Y4
Phenol <10 1.10 2.46 2.7

+The values shown on this table for treatment standards have been rounded to show significant figures
only.
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Table 7-8

CALCULATION OF NONWASTEWATER TREATMENT STANDARDS FOR CYANIDE
AND METAL CONSTITUENTS IN K050

Constituent Arithmetic

from which 4 Average of Treatment*

Treatment Untreated Corrected Standard

Data Were Concentration Treatment Variability (Average x VF)
Regulated Constituent Transferred® { ppm) ** Values (ppm) Factor (VF) {(ppm)
Metals
TCLP
Arsenic Arsenic 0.006-0.018 0.004 1.10 0.0040
Chromium (total) Chromium (total) 2.64-3.26 1.48 1.14 1.7
Nickel Nickel 0.027-0.041 0.026 1.79 0.048
Selenium Selenium 0.025-0.15 0.018 1.38 0.025
Inorganics
{Total Composition)
Cyanide Cyanide <0.1-1.4 0.27 6.37 1.8

#%Data were transferred from KOUB and KO51.

%8This is the untreated concentration in KO4B and KO51 of each constituent
from which treatment data were transferred.

*The values shown on this table for treatment standards have been rounded
show significant figures only.

to
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Table 7-9

CALCULATION OF NONWASTEWATER TREATMENT STANDARDS FOR ORGANIC CONSTITUENTS IN K051

Untreated Arithmetic Treatment*

KO48-K052 Average of Standard

at Plant M Treatment Variability (Average x VF)
Regulated Constituent (ppm) Values (ppm) Factor (VF (ppm)
Organics
Total Composition
Benz(a)anthracene <20-21 0.817 1.63 1.4
Benzene 86-190 3.17 2.99 9.5
Benzo(a)pyrene <19-<21 0.66 1.27 0.84
Bis(2-ethylhexyl)phthalate <19-<21 - 4.96 7.36 37
Chrysene <20-33 1.21 1.79 2.2
Ethylbenzene 76-120 13.53 4.93 67
Naphthalene 56-140 156.00 6.62 1,000%
Phenanthrene 64-140 2.90 2.67 7.7
Phenol <10 1.10 2.46 2.7
Pyrene <20-36 1.08 1.82 2.0
Toluene 230-470 3.17 2.99 9.5
Xylene (total) 420-570 243.63 7.48 1,800%

*The values shown on this table for treatment standards have been rounded to show significant figures
only. .

#The table shows the calculated treatment standards for naphthalene and xylenes; however, the Agency is.
not promulgating standards at these levels and is instead reserving standards for these constituents.



cz-L

Table 7-10

CALCULATION OF NONWASTEWATER TREATMENT STANDARDS
FOR CYANIDE, DI-N-BUTYL PHTHALATE, AND METAL CONSTITUENTS IN K051

Unstabilized

Incinerator Ash®

from Plant A

Regulated Constituent (ppm)
Metals

TCLP

Arsenic 0.006-0.018
Chromium (total) 2.64-3.26
Nickel 0.027-0.041
Selenium 0.025-0.15

Total Composition

Cyanide : 0.05-1.ug
Di-n-butyl phthalate 43-230

Arithmetic
Average of
Corrected Treatment
Values (ppm)

0.004

1.48
0.026
0.018

0.027
1.49

Variability
Factor (VF

1.10
1.14
1.79
1.38

Treatment*
Standard
(Average x VF)
(ppm)

0.0040
1.7
0.048
0.025

P
n

*The values shown on this table for treatment standards have been rounded to show significant figures

only.
eRange in untreated K051 from Plant A.

#TCLP extract concentrations for the unstabilized ash have been corrected for recovery.
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Regulated Constituent

Organics
(Total Composition)

Benzene
Benzo(a)pyrene
o-Cresol
p-Cresol
Ethylbenzene
Naphthalene
Phenanthrene
Phenol

Toluene
Xylene (total)

CALCULATION OF NONWASTEWATER TREATMENT STANDARDS
FOR ORGANIC COMSTITUENTS IN K052

Untreated
KOU8-K052
at Plant

M_(ppm)

86-190
<19-<21
<10

<10
76-120
56-140
64-140
<10
230-470
420-570

Table 7-11

Arithmetic
Average of

Treatment
Values (ppm)

3.17
0.66
0.80
0.81
13.53
156.00
2.90
1.10
3.17
243.63

L C I S I G~ W g R V)

Variability

Factor (VF)

Treatment*
Standard
(Average x VF)

(ppm) '

9.5
0.84
2.2
0.90
67
1,000%
7.7
2.1
9.5
1,800

+The values shown on this table for treatment standards have been rounded to show significant figures

only.

%The table shows the calculated treatment standards for naphthalene and xylenes; however, the Agency is.
not promulgating standards at these levels and is instead reserving standards for these constituents.
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Table 7-12

CALCULATION OF NONWASTEWATER TREATMENT STANDARDS FOR CYANIDE
AND METAL CONSTITUENTS IN K052

Constituent Arithmetic
from which Average of Treatment*
Treatment Untreated Corrected Standard
‘Data Were Concentration Treatment Variability (Average x VF)
Regulated Constltuent. Transferred® ( ppm) &% Values (ppm) Factor (VF) (ppm)
Metals
TCLP
Arsenic Arsenic 0.006-0.018 0.004 1.10 0.0040
Chromium (total) Chromium (total) 2.64-3.26 1.48 1.14 1.7
Nickel Nickel 0.027-0.041 0.026 1.79 0.04
Selenium Selenium 0.025-0.15 0.018 1.38 0.025
Inorganics
(Total Composition)
Cyanide Cyanide 0.5-1.4 0.27 6.37 1.8

#Data were transferred from KO48 and KO051.
#8This is the untreated concentration in KOU48 and KO51 of each constituent
from which treatment data were transferred.
+The values shown on this table for treatment standards have been rounded to
show significant figures only.
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Table 7-13

CALCULATION OF WASTEWATER TREATMENT STANDARDS FOR KO48

Constituent

from which

Treatment

Data were
Regulated Constituent Transferred*
Organics
(Total Composition)
Benzene NA
Benzo(a)pyrene NA
Bis(2-ethylhexyl)phthalate NA
Chrysene NA
Di-n-butyl phthalate NA
Ethylbenzene NA
Fluorene NA
Naphthalene NA
Phenanthrene NA
Phenol NA
Pyrene NA
Toluene NA
Xylene (total) NA

Metals
(Total Composition)

Chromium (total) Chromium (tbtal)
fead Lead

Arithmetic
Average of Treatment
Corrected Standard**
Untreated KO48 Treatment Variability (Average x VF)
at Plant A (ppm) Values (ppm) Factor (VF) (ppm)
13-16 0.004 2.80 0.0
0.004-1, 75un 0.017 2.80 0.047
<20-59 0.015 2.80 0.043
<0.66-59 0.015 2.80 0.043
67-190 0.021 2.80 0.060
<14-120 0.004 2.80 0.011
<0.66-~58 0.018 2.80 0.050
93-350 0.012 2.80 0.033
T7-190 0.014 2.80 0.039
3.0-210 0.017 2.80 0.047
31-93 0.016 2.80 0.045
22-150 0.004 2.80 0.011
<14-170 0.004 2.80 0.011
393-2,581% 0.19 1.09 0.20
0.02-210" 0.013 0.037

2.8

®This is the untreated concentration of each constituent in the waste from which treatment data were

transferred.

*Metals were transferred from the Envirite Report (Reference 27).
**The values shown on this table for treatment standards have been rounded to show significant figures

only.

*#ntreated concentration in KO4B as reported in Jacobs Engineering Company Report (Reference 3).

NA = Not applicable.
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Table 7-

CALCULATION OF WASTEWATER TREATMENT STANDARDS FOR KOA49

Constituent from
which Treatment

Regulated Constituent Data were Transferred®

Organics

(Total Composition)

Anthracene Phenanthrene
Benzene Benzene
Benzo(a)pyrene Benzo(a)pyrene
Bis(2-ethylhexyl)phthalate Bis(2-ethylhexyl)phthalate
Carbon disulfide Benzene
Chrysene Chrysene
2,4-Dimethylphenocl Naphthalene
Ethylbenzene Ethylbenzene
Naphthalene Naphthalene
Phenanthrene Phenanthrene
Phenol Phenol

Pyrene Pyrene

Toluene Tolune

Xylene (total) Xylene (total)

Metals
(Total Composition)

Chromium (total) Chromium (total)
Lead Lead

1L}

Arithmetic
Untreated Average of Treatment
Concen- Corrected Standard**
tration® Treatment Variability (Average
(ppm) Values (ppm) Factor (VF) x VF)(ppm)
77-190 0.014 2.80 0.039
13-16 0.004 2.80 0.011
0.004-1.75 0.017 2.80 0.047 .
<20-59 0.015 2.80 0.043
13-16 0.004 2.80 0.011
<0.66-59 0.015 2.80 0.043
93-350 0.012 2.80 0.033
<14-120 0.004 2.80 0.011
93-350 0.012 2.80 0.033
77-190 0.014 2.80 0.039
3.0-210 0.017 2.80 0.047
31-93 0.016 2.80 0.045
22-150 0.004 2.80 0.011
<14-170 0.004 2.80 0.011
393-2,581 0.19 1.09 0.20 -
0.02-210 0.013 2.8 0.037

®This is the untreated concentration of each constituent in the waste from which treatment data were

transferred.

*Metals were transferred from the Envirite Report (Reference 27).

**The values shown on this table for treatment standards have been rounded to show significant figures

only.

NA = Not applicable.
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Regulated Constituent

Organics
(Total Composition)

Benzo(a)pyrene
Phenol

Metals
(Total Composition)

Chromium (total)
Lead

Table 7-15

CALCULATION OF WASTEWATER TREATMENT STANDARDS FOR K050

Constituent Arithmetic

from which Average of Treatment

Treatment Untreated Corrected Standard**

Data were Concentration® Treatment Variability (Average x VF)
Transferred* ( ppm) Values (ppm) Factor (VF) (ppm)
Benzo(a)pyrene 0.004-1.75 0.017 2.80 0.047
Phenol 3.0-210 0.017 2.80 0.047
Chromium (total) 393-2,581 0.19 1.09 0.20
Lead _ 0.02-210 0.013 2.8 0.037

#This is the untreated concentration of each constituent in the waste from which treatment data were

transferred.

*Metals were transferred from the Envirite Report (Reference 27).
**The values shown on this table for treatment standards have been rounded to show significant figures

only.
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CALCULATION OF WASTEWATER TREATMENT STANDARDS FOR K051

Regulated Constituent

Organics
(Total Composition)

Acenaphthene
Anthracene
Benz(a)anthracene
Benzene
Benzo(a)pyrene
Bis(2-ethylhexyl)phthalate
Chrysene

Di-n-butyl phthalate
Ethylbenzene
Fluorene '
Naphthalene
Phenanthrene

Phenol

Pyrene

Toluene

Xylene (total)

Metals
(Total Composition)

Chromium (total)
Lead

Table 7-16

Arithmetic

Untreated Average of Treatment

Constituent from Concen- Corrected Standard**
which Treatment tration® Treatment Variability (Average

Data were Transferred* (ppm) Values (ppm) Factor (VF) x VF)(ppm)
Fluorene <0.66-58 0.018 2.80 0.050
Phenanthrene 77-190 0.014 2.80 0.039
Chrysene <0.66-59 0.015 2.80 0.043
Benzene 13-16 0.004 2.80 0.01
Benzo(a)pyrene 0.004-1.75 0.017 2.80 0.047
Bis(2-ethylhexyl)phthalate <20-59 0.015 2.80 0.043
Chrysene <0.66-59 0.015 2.80 0.043
Di-n-butyl phthalate 67-190 0.021 2.80 0.060
Ethylbenzene <14-120 0.004 2.80 0.0
Fluorene <0.66-58 0.018 2.80 0.050
Naphthalene 93-350 0.012 2.80 0.033
Phenanthrene 77-190 0.014 2.80 0.039
Phenol 3.0-210 0.017 2.80 0.047
Pyrene 31-93 0.016 2.80 0.045
Toluene 22-150 0.004 2.80 0.011
Xylene (total) «4-170 0.004 2.80 0.011
Chromium (total) 393-2,581 0.19 1.09 0.20
Lead 0.02-210 0.013 2.8 0.037

#This is the untreated concentration of each constituent in the waste from which treatment data were

transferred.

*Metals were transferred from the Envirite Report (Reference 27).

**The values shown on this table for treatment standards have been rounded to show significant figures

only.



LZ-t

Regulated Constituent

Organics
(Total Composition)

Benzene
Benzo(a)pyrene
artho-Cresol
para-Cresol
2,4-Dimethylphenol
Ethylbenzene
Naphthalene
Phenanthrene
Phenol
Toluene

Xylene (total)

Metals
(Total Composition)

Chromium (total)
Lead .

Table 7-17

Constituent from
which Treatment
Data were Transferred*

Benzene
Benzo(a)pyrene
Ethylbenzene
Ethylbenzene
Naphthalene
Ethylbenzene
Naphthalene
Phenanthrene
Phenol

Toluene
Xylene (total)

Chromium (total)
Lead

CALCULATION OF WASTEWATER TREATMENT STANDARDS FOR K052

Arithmetic
Untreated Average of Treatment
Concen- Corrected Standard**
tration® Treatment Variability (Average
(ppm) Values {(ppm) Factor (VF) x VF)(ppm)
13-16 0.004 2.80 0.0
0.004-1.75 0.017 2.80 0.047
<14-20 0.004 2.80 0.011:
A14-20 0.004 2.80 0.011
93-350 0.012 2.80 0.033
<14-120 0.004 2.80 0.0m
93-350 0.012 2.80 0.033
77-190 0.014 2.80 0.039
3.0-210 0.017 2.80 0.047
22-150 0.004 2.80 0.011
<14-170 0.004 2.80 0.011
393-2,581 0.19 1.09 0.20
0.02-210 0.013 2.8 0.037

#This is the untreated concentration of each constituent in the waste from which treatment data were

transferred.

*Metals were transferred from the Envirite Report (Reference 27).
**The values shown on this table for treatment standards have been rounded to show significant figures

only.
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APPENDIX A

A.l1 F Value Determination for ANOVA Test

As noted earlier in Section 1.0, EPA is using the statistical method
known as analysis of variance in the determination of the level of
performance that represents “best" treatment where more than one
technology is demonstrated. This method provides a measure of the
differences between data sets. I[f the differences are not statistically
significant, the data sets are said to be homogeneous.

[f the Agency found that the levels of performance for one or more
technologies are not statistically different (i.e., the data sets are
homogeneous), EPA would average the long term performance values achieved
by each technology and then multiply this value by the largest
variability factor associated with any of the acceptable technologies.

[f EPA found that one technology performs significantly better (i.e., the
data sets are not homogeneous), BDAT would be the level of performance
achieved by the best technology multiplied by its variability factor.

To determine whether any or all of the treatment performance data
sets are homogeneous using the analysis of variance method, it is
necessary to compare a calculated "F value" to what is known as a
"cfitica] value." (Seé Table A-1.) These critical values are available
in most statistics texts (see, for example, Statistic3l Concepts and
Methods by Bhattacharyya and Johnson, 1977, John.Hi1ey Publications, New
York).

Where the F value is less than the critical value, all treatment data

sets are homogeneous. [f the F value exceeds the critical value, it is



necessary to perform a "pair wise F" test to determiﬁe if any of the sets
are homogeneous. The "pair wise " test must be done for all of the
various combinations of data sets using the same method and equation as
the general F test.

The F value is calculated as follows:

(i) A1l data are natural logtransformed.

(i1) The sum of the data points for each data set is computed (Ti)'

(iii) The statistical parameter known as the sum of the squares

between data sets (SSB) is computed:.

k 2
k T8 LT
SSB = ) —_ - i=l
i=l | n;j —
N
where:

k = number of treatment technologies
n; = number of data points for technology i
N = number of data points for all technologies
T; = sum of natural logtransformed data points for each technology.
(iv) The sum of the squares within data sets (SSW) is computed:
kK n k (T2
ssw-[z Iy - [L
is] jeul i=l | ny
where:

Xi,j " the natural logtransformed observations (j) for treatment
technology (i).

(v) The degrees of freedom corresponding to SSB and SSW are
calculated. For SSB, the degree of freedom is given by k-1. For SSW,

the degree of freedom is given by N-k.



(vi) Using the above parameters, the F value is calculated as

follows:
Msg
F = MSW
where:

MSB = SSB/(k-1) and
MSW = SSW/(N-k).

A computational table summarizing the above parameters is shown below.

Computational Table for the F Value

Degrees of Sum of
Source freedom squares Mean square F
Between K-1 SS8 MSB = SSB/k-1 MSB/MSW
Within N-k SSW MSW = SSW/N-k

Below are three examples of the ANOVA calculation. The first two
represent treatment by different technologies that achieve statistically
similar treatment; the last example represents a case where one
technology achieves significantly better treatment than the other

technology.



Table A-1

F Distribution at the 95 Percent Confidence Level

Fam
Denominator
degrees of Numerator degrees of iregdom
freegom 1 P} 3 4 S [ ] 7 8 9
1 161 4 1998 21187 2248 2302 340 2368 2389 2408
2 18 81 1900 1918 19.29 19.30 19.33 19.39 19137 1918
3 1013 93S 928 9.12 9.01 8.94 889 883 8
4 ™ 894 659 8.39 826 618 8.09 604 600
] 8.8 $.79 .41 $5.19 $.09 493 488 4.82 aen
[} 5.99 s14 4’8 4% 439 428 «20 419 410
7 399 4l 419 412 19?7 187 179 n las
8 $.32 448 407 184 .69 .58 3.50 J.4e 319
9 812 426 188 163 Je i 229 323 3.8
10 498 410 n J.a8 333 22 .14 .07 302
1" 484 398 399 .38 3.20 3.09 .0 198 290
12 a8 189 .49 .28 1 3.00 n 288 2.80
13 487 38 lay 118 303 292 a8l wm P RA
14 4680 J7e 33 In 296 288 278 a7 288
19 4954 les 329 Jos 290 279 an 264 299
16 449 38 324 o 288 174 68 299 2.9¢
17 449 399 320 29% PR || a7 a8t 298 249
18 441 388 318 29 2 268 248 % 248
19 48 382 i 290 274 28 2954 248 242
20 413 349 310 287 P RA .60 .9t 248 239
b} ] 432 l¢7 307 284 268 97 249 242 L7
2 430 les 308 282 268 299 24 2.40 234
3 28 la2 30 2800 264 253 244 37 232
26 426 le 0t 278 262 2.5t 242 236 230
2 424 139 299 278 2% 249 140 234 .28
b 423 137 298 274 299 .47 239 an 227
by a2 3138 29¢ 2”mM 97 248 by 2Mn 2.2%
.28 420 ki ! ] 199 an 2%6 2.48 118 229 224
29 418 13 29 210 298 243 233 228 2
10 17 332 292 269 293 242 an 227 LN
40 408 1 184 2.6 248 23 228 218 212
80 400 118 2.78 253 LN 223 17 210 204
120 192 397 268 248 229 217 209 202 138
® 184 1.00 160 237 an 210 201 1.94 188




Example 1
Methy lene Chlorids

Steam stripping fiological treatment
Inf luent £Ffluent In(effluent) [‘ﬂ(ﬁfflu!ﬂt)]z Inf luent Eff luent In(eff luent) [1n(eff!uent)]z
(ug/ 1) (ug/ 1) (ug/1) (ug/1)
1550.00 10.00 2.30 5.29 1960.00 10.00 2.30 5.29
1290.00 10.00 2.30 5.29 2568.00 10.00 2.30 5.29
1640.00 10.00 2.30 5.29 1817.00 10.00 2.30 $.29
$100.00 . 12.00 2.48 6.15 1640.00 26.00 3.26 10.33
1450.00 10.00 2.30 $.29 3907.00 10.00 2.30 $.29
4600.00 10.00 2.30 5.29
1760.00 10.00 2.30 5.29
2400.00 10.00 2.30 5.29
4800.00 10.00 2.30 5.29
12100.00 10.00 2.30 $.29
Sum:
- - 23.18 §3.76 - - 12.48 J1.79
Sample Size:
10 10 10 - S S 5 -
Mean:
3669 10.2 2.32 - 2378 13.2 2.49 -
Standard Deviation:
3328.67 .83 .06 - 923.04 7.18 .43 -
variability Factor:
1.15 - - - 2.48 -. -

ANQVA

558

SSW

MSB

usy

Calculati

(7

[ is] J'l
5§58/ (k-1)

SSW/{N-k}

|

,[-

Xy

1-1

ﬂ!



£ s
) where
[3 =

Example | (continued)

MSB/MSW

nunber of treatment technologies

number of data points for technology i

number of natural log transformed data points for all technalogies
sum of log transformed data points for each technology

the nat. log transformed observations {j) for treatment technology (i)

2

ot 10. n,® 5. Nal5 k=2, Tl =23.18, T = 12.46, T = 35 64, Tz- 1270.21

rf 53731 T s 155.25

.[ 537.31 . 155.2$ . 1270.21

2

$S8 0.10
10 5 15
7. .
SSW = (S3.76 + 31.79) - f 337.31 - 185 25] =0.77
10 s )
M8 » 0.10/1 = 0.10
MSW = 0.77/13 = 0.06
F = 0.10 s 1.67
0.06
ANQVA Table
Degrees of
Source f reedom SS [+ F
Setwaen(8) 1 0.10 0.10 1.67
vithin(v) 13 0.77 0.08
The critical value of the F test at the 0.0S significance level is 4.67. Since
the F value is less than the critical value, the means are not significantly
different (i.e., they are homogeneous).
Note: A1) calculations wers rounded to two decimal places. Results may differ

depending upon the number of decimal places used in sech step of the calculations.



Example 2

Trichloroethy lene
Steam stripping Biglogical treatment
Inf luent €ffluent In(eff luent) (ln(nfflucnt)]z [nfluent Eff luent in(effluent) (In(effluent):’
{ug/1) {ug/1) {ug/1) {(ug/1)
1650.00 10.00 2.30 §.29 200.00 10.00 2.30 5.29
§200.00 10.00 2.30 $.29 224.00 10.00 2.30 5.29
$000.00 10.00 2.30 $.29 134.00 10.00 2.30 5.29
1720.00 10.00 2.30 $.29 150.00 10.00 2.30 5.29
1560.00 10.00 2.30 $.29 484.00 16.28 2.79 7.78
10300.00 10.00 2.30 §.29 163.00 10.00 2.30 5.29
210.00 10.00 2.30 §.29 182.00 10.00 2.30 5.29
1600.00 27.00 3.30 10.89
204.00 85.00 4.44 19.71
160.00 10.00 2.30 $.29
Sum:
- - 26.14 72.92 - - 16.59 39.52
Sample Size: ~ ,
10 10 10 - 1 7 7 -
Mean: .
2780 19.2 2.61 - 220 10.89 2.37 -
Stancarg Oeviation:
3209.6 23.7 1N - 120.5 2.36 .19 -
Variability Factor:
- 3.70 - - - 1.93 - -

ANOVA Calculations:

T
[ L[]} [L—] ]
SSU-[‘-l ’.1111] "l
MS8 = §S8/(k-1)
MSW = SSW/(N-k)



Example 2 (continued)

F s MSB/MSW

k = number of treatment technologies

n = number of data points for technology

N = number of data points for all technologies
T s sum of natural log transformed data points for each technology

X = the natural log transformed oburva.tions (j) for treatment technology (i)

Nl = 10, "Z 2 7. N= 17, ka2, 1’l = 26.14, Tz » 16.59, T = 42.73, TZ' 1825.88S, Ti = 683.30.

2
1° . 215.23
) " U082
- (683. 7. i
ssp W[083-30 | 275.23 ) _1825.85 . 0.25
{ 10 7 17
683. 7s.
ssv = (72.92 » 39.52) - [ 583-30, U15.83) .4.79

10 )

MSB = 0.25/1 = 0.28
MSW e 4.79/15 = 0.32

Fe? Lo
0.32
ANOVA Table
Degrees of
Source f reedom SS L] F
Between(8) 1 0.25 0.28 0.78
Within({¥) 18 4.79 0.32

The critical value of the F tast at the 0.0%5 significance level is 4.54. Sincs
the F valug is less than the critical value, the meens are not significantly
different (1.e., they are homogenecus).

Note: All calculations were rounded to two decimsl places. Results may differ
depending upon the number of decimal places used in each step of the calculations.



Example 3
Chlorobenzens

Activated s'udge followed by carbon adsorption

[ln(efﬂucnt)]z

Biological treatment

1n[(eff‘xuent)]'

[nfluent Effluent in(effluent) [nfluent Effluent In(eff luent)
(ug/1) (ug/ 1) (ug/ 1) (ug/1)
7200.00 80.00 4.8 19.18 9206.00 1083.00 6.99 438.36
6500.00 70.00 4.25 18.06 16646.00 709.50 6.56 43.33
6075.00 35.00 3.56 12.67 49775.00 460.00 6.13 37.¢8
3040.00 10.00 2.30 5.29 14731.00 142.00 4.96 24 60
3159.00 603.00 6.40 30.36
67%6.00 153.00 5.03 25.20
3040.00 17.00 2.83 3.3:
Sum:
- - 14.49 §5.20 - - 38.90 228.14
Semple Size:
4 4 4 - 7 7 7 -
Mean:
5703 49 3.62 - 14759 452.5 5.56 -
Standard Oeviation:
1835.4 32.24 .95 16311.86 379.04 1.42 -
variability Factor:
- 7.00 - - - 15.79 - -

ANOVA Calculations:

$S8 =

SSW » i‘l Jt !z| j] iIl
MSB » SSB/(k-1)

MSW = SSW/(N-k)

F e MSB/MSW

Wy i [L:l’



Examplie 3 (continued)

= nunber of treatmsnt technologies
= numper of data points for technology !

a number of data points for all technologies
T = sum of natural log transformed data points for each technology

X = the natural log transformed cbservations (j) for treatmant technology (i)

'1 - 4, Nz- 7. Ns ], k=2, T1 s 14.49, TZ = 38.90, T = §3.39, TZ- 2850.49, Tf = 209.96

.

T: = 1513.21

_[209.96 . 1513.21 _ 2850.49

$s8 s 9,52

(s ? i
SSW = {55.20 « 228.34) - f 209.96 1513'21] = 14.88

¢ 1)
M58 = 9,52/1 = 9.52
MSW = 14.88/9 = 1.65
F =9.%52/1.65 = 5.77
ANOYA Table
Degrees of
Source f reedom SS s F
Between(B) 1 9.53 9.5%3 .77
vithin{v) - 14.89 1.85

The critical value of the F tast at the 0.05 significance level is 5.12. Since
the F valus 13 larger than the critical value. the means are significantly
different (i.s., they are heterogsneous).

Mots: All calculations were rounded to two decimal places. Results may differ depending
ugon the nuater of decima] places usad 10 each step of the calculations.
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A.2.

Variability Factor

where:

Cog =

Mean =

L
VF = Meg%-

estimate of daily maximum variability factor determined from
a sample population of daily data.

Estimate of performance values for which 99 percent of the
daily observations will be below. Cggq is calculated using
the following equation: Cgg = Exp(y + 2.33 Sy) where y and
Sy are the mean and standard deviation, respectively, of the
logtransformed data.

average of the individual performance values.

EPA is establishing this figure as an instantaneous maximum because

the Agency believes that on a day-to-day basis the waste should meet the

applicable treatment standards. In addition, establishing this

requirement makes it easier to check compliance on a single day. The

99th percentile is appropriate because it accounts for almost all process

variability.

In several cases, 3ll the results from analysis of the residuals from

BDAT treatment are found at concentrations less than the detection

limit.

In such cases, all the actual concentration values are considered

unknown and hence, cannot be used to estimate the variability factor of

the analytical results. Below is a description of €PA’s approach for

calculating the variability factor for such cases with all concentrations

below the detection limit.

It has'been postulated as a general rule that a lognormal

distribution adequately describes the variation among concentrations.
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.Agency data shows that the treatment residual concentrations are
distributed approximately Tognormally. Therefore, the lognormal model
has been used routinely in the EPA development of numerous regulations in
the Effluent Guidelines program and is being used in the BOAT program.
The variability factor (VF) was defined as the ratio of the 99th

percentile (C_.) of the lognormal distribution to its arithmetic mean
99

(Mean).

VF = _‘e9 (1)

Mean

The relationship between the parameters of the lognormal distribution
and the parameters of the normal distribution created by taking the
natural logarithms of the lognormally-distributed concentrations can be
found in most mathematical statistics texts (see for example:
Distribution in Statistics-Volume 1 by Johnson and Kotz, 1970). The mean
of the lognormal distribution can be expressed in terms of the
mean (x) and standard deviation (¢) of the normal distribution as

follows:

ng = Exp (s + 2.330) (2)
Mean = Exp (s + .Saz) (3)

Substituting (2) and (3) in (1) the variability factor can then be

expressed in terms of o as follows:

VE = Exp (2.330 - .50%) (4)
For residuals with concentrations that are not all below the
h R
detection limit, the 99t percentile and the mean can be estimated from

the actual analytical data and accordingly, the variability factor (VF)
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can be estimated using equation (l). For residuals with concentrations
that are below the detection limit, the above equations can be used in
conjunction with the assumptions below to develop a variability factor.
Step l: The actual concentrations follow a lognormal distribution. The
upper limit (UL) is equal to the detection limit. The lower limit (LL)
is assumed to be equal to one tenth of the detection limit. This
assumption is based on the fact that data from well-designed and
well-operated treatment systems generally falls within one order of
magnitude.

Step 2: The natural logarithms of the concentrations have a normal

distribution with an upper limit equal to In (UL) and a lower limit equal

to 1n (LL).
Step 3: The standard deviation (o) of the normal distribution is
approximated by

o= [(In (UL) - Tn (LL)] / [(2)(2.33)]) = [In(UL/LL)] / 4.66

when LL = (0.1)(UL) then o = (1nl0) / 4.66 = 0.494
Step 4: Substitution of the value from Step 3 in equation (4) yields the
variability factor, VF.

VF = 2.8
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Appendix B

MAJOR CONSTITUENT CONCENTRATION CALCULATIONS FOR KOuU8-K052

Kous § Water % Solids % 011 and Grease
Amoco OER®* (Reference 6) 15 7" 14
API, 1983 (Reference 2) 81.9 9.4 8.7
Jacobs, 1976 (Reference 3) 82 5.5 12.5
Petition #264 (Reference 24) 82 6.0 12
BP Report *®* (Reference 29) 80 5.0 15
Average: 81.5 8.5 12
Adjusted Average: 81 6 12
K049 $ Vater Solids $ 0il and Grease
Conoco OER (Reference 13) 60 10 30
API, 1983 (Reference 2) 63.1 15.8 21.7
Jacobs, 1976 (Reference 3) 4o 12.0 48
Petition #481 (Reference 21) 31.9 4.4 51.7
Petition #421 (Reference 19) 62 3 35
BP Report (Reference 29) 47 6 47
Average: 50.7 10.2 43.9
Ad justed Average: 50 12 37

*These data represent dewatered DAF float and were not used in these
calculations.

®*2Includes DAF bottoms.



Appendix

B (Continued)

MAJOR CONSTITUENT CONCENTRATION CALCULATIONS FOR KO48-K052

K050 § Water

Petition #481 (Reference 21) 37.8
Jacobs, 1976 (Reference 3) 53

API, 1983 (Reference 2) 42.8
Average: 44.5
Adjusted Average: uy
K051 § Water
Petition #426 (Reference 25) 81
Amoco OER (Reference 6) 30
API, 1983 (Reference 2) 67.4
Jacobs, 1976 (Reference 3) 53
Petition #481 (Reference 21) 51.6
BP Report (Reference 29) 76
| Average: 59.8
Adjusted Average: 60
K052 § Water
API, 1983 (Reference 2) 37.9
Jacobs, 1976 (Reference 3) 0.3
Conoco OER (Reference 13) 18
Average: 18.7

Adjusted Average: 18

% Solids

52.5
36
55.4

-5
48

2 Solids

7
54
21.1
2u.4
22.3

5

22.3
22

$ Solids
59

79.7
70

69

% 011 and Grease

7.7
"
4.8

7.8
7

$ 011 and Grease

10
15
12.6
22.6
22.4
19

13-9
17
% 011 and Grease

805
20
10

12.8
12



Plant Code

A

Appendix C

SUMMARY OF PETROLEUM REFINERY PLANT CODES
Plant Name
Amoco 0il1 Company, Whiting, Indiana

- Unknown
Unknown
Unknown
Unknown
Unknown

General Refining Superfund Site,
Garden City, Georgia

Unknown

Waterways Experiment Station,
Vicksburg, Mississippi

Unknown

SOHIO 0il Alliance Refining, (Pilot plant
results), Louisiana

Unknown

c-1

Data Source

EPA Testing
(References
6 and 8)

API Report
(Reference 26)

API Report
(Reference 26)

API Report
(Reference 26)

API Report
(Reference 26)

API Report
(Reference 26)

Resources
Conservation
Company
(Reference 37)

API Report
(Reference 26)

EPA Testing
(Reference T7)

API Report
(Reference 26)
BP America
(Reference 29)

CF Systems
(Reference 30)



Appendix C (Continued)

SUMMARY OF PETROLEUM REFINERY PLANT CODES

Plant Code Plant Name Data Source
M SOHIO O0il Alliance Refinery (full-scale BP America
results), Louisiana (Reference 36)

N ‘ Unknown API Report
(Reference 26)

0] Unknown CF Systems
(Reference 38)

P Envirite Corporation, Pennsylvania K062 Background
Document

(Reference 27)
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APPENDIX D

ANALYTICAL QA/QC

The analytical méthods used for analysis of the regulated constitu-
ents identified in Section 6.0 are presented in this Appendix. Table D-!
presents the methods used for analysis of organics, inorganics, and metals in
nonwastewaters. Analyses presented for organics were performed on the solvent
extraction residue. Analyses presented for cyanide and di-n-butyl phthalate
were performed on the fluidized bed incinerator ash, while analyses presented
for metals were per- formed on the stabilized fluidized bed incinerator ash.
Table D-2 presents the methods used for analysis of organics in the fluidized
bed incinerator wastewater. The methods used for analysis of metals in this

wastewater are presented in Reference 27 (Envirite).

SW-846 methods (EPA's Test Methods for Evaluating Solid Waste:

Physical/Chemical Methods, SW-846) are used in most cases for determining

total constituent concentration. Leachate concentrations were determined
using the Toxicity Characteristic Leaching Procedure (TCLP), published in 51

FR 40643, November 7, 1986.

In some instances it was necessary to deviate from the SW-846
methods. Deviations from SW-846 methods required to analyze the fluidized bed
incinerator ash are listed in Table D-3. EPA is not aware of any deviations
from SW-846 methods required to analyze to solvent extraction residue. SW-846

allows for the use of alternative or equivalent procedures or equipment; these
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are noted in Table D-4 for the fluidized bed incinerator ash and the stabil-
ized ash. These alternatives or equivalents included the use of different
sample preparation methods and/or different extraction techniques to reduce

matrix interferences.

The accuracy determination for a constituent is based on the matrix
spike recovery values. Tables D-5 and D-6 present the matrix spike recovery
data for volatile, semivolatile, inorganic, and metal constituents in
nonwastewater resiiuals from fluidized bed incineration and fluidized bed
incineration followed by ash stabilization. Table D-7 presents matrix spike
recoveries for organics in wastewater residuals. Table D-8 presents matrix

spike data for metal constituents in wastewater residuals.

Duplicate matrix spikes were performed for some volatile, semi-
volatile, and metal constituents in the residuals from fluidized bed inciner-
ation and fluidized bed incineration followed by stabilization. If duplicate
matrix spikes were performed for an organic constituent, the matrix spike
recovery used for that constituent was the lower of the two values from the

first matrix spike and the duplicate spike.

Where a matrix spike was not performed for an organic constituent, a
matrix spike recovery for that constituent was derived_from the average matrix
spike recoveries of the appropriate constituent group (volatile or semi-
volatile) for which recovery data were available. In these cases, the matrix

spike recoveries for volatiles and semivolatiles from the first matrix spikes
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were averaged. Similarly, average matrix spike recoveries were calculated for
the duplicate matrix spike recoveries. The lower of the two average matrix
spike recoveries of the volatile or semivolatile was used for any volacile or

semivolatile constituent for which no matrix spike was performed.

Where a matrix spike ‘was not performed for a metal constituent in a
TCLP extract, a matrix spike recovery for that constituent was derived from
the average matrix spike recoveries for that metal constituent in other TCLP
extracts. For example, no matrix spike was performed for antimony in the
cement sample from the stabilized fluidized bed incinerator ash. The percent
recovery for this constituent was 74%, which is the average of the percent

recoveries from the kiln dust sample and the fly ash sample for antimony.

Quality assurance/quality control information was available for the
solvent extraction data; however, the information could not be used to adjust
the treated waste data for inaccuracies due to matrix inéerferences. The
Agency corrects treated waste data based 6n matrix spike results obtained by
spiking a sample of the waste with selected analytes. This method gives an
indication of the effect the waste matrix has on the analysis of specific
constituents. The matrix spikes for the solvent extraction data were
conducted on a standard soil sample; therefore, the results do not provide an
indication of analftical interferences that may have been caused by the waste

matrix, and the data cannot be corrected for analytical interferences.
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The accuracy correction factors for volatile, semivolatile and metal
constituents detected in the kiln ash and scrubber water residuals are summa-
rized in Tables D-9 through D-11. Table D-9 presents :he accuracy correction
factors for constituents in the fluidized bed incinerator ash.- Table D-10
presents accuracy correction factors for metals in the stabilized fluidized
bed incinerator ash. Table D-11 presents accuracy correction factors for
organics in wastewaters froh fluidized bed incineration and metals in
wastewaters from chromium reduction followed by lime and sulfide precipitation
and vacuum filtration. The accuracy correction factors were determined for
each constituent by dividing 100 by the matrix spike recovery for that

constituent.
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Table D-1

ANALYTICAL METHODS FOR REGCULATED CONSTITUENTS IN KOUB-KO52 NONWASTEWATER

Regulated Constituent

Volatiles

y, Benzene

226. Ethylbenzene

43, Toluene

215-217. Xylene (total
Semivolatiles

57. Anthracene

59. Benz(a)anthracene
62. Benzo(a)pyrene

70. Bis(2-ethylhexyl )phthalate
80. Chrysene

81. o-Cresol

82. p-Cresol

98. Di-n-butylphthalate
121, Naphthalene

LRI Phenanthrene

142, Phenol

145, Pyrene

Inorganics
169. Cyanide

SOLVENT EXTRACTION

Total Composition

Preparation Method

Purge and Trap
(Method 5030)

Sonication Extraction
(Method 3550),
followed by

Acid-Base Partition
Cleanup (Method 3650)
and Alumina Column
Cleanup and Separation
of Petroleum Wastes
(Method 3611)

Analytical Method Reference

Gas Chromatography/ 1
Mass Spectrometry for

Volatile Organics

(Method 8240)

Gas Chromatography/ 1
Mass Spectrometry for

Semivolatile Organics:

Capillary Column

Technique (Method 8270)

Colorimetric, Manual 1
(Method 9010)
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Table D-1 (Continued)

ANALYTICAL METHODS FOR REGULATED CONSTITUENTS IN KO4B8-K052 NONWASTEWATER

Regulated Constituent

Metals
155.

159.
163.

164.

\Environmental Protectton Agency, 1986.

Arsenic

Chromium (total)
Nickel

Selenium

STABILIZATION

TCLP Extract

Preparation Method

51 Federal Reglster
40643, 11/7/86

Office of Solid Waste and Emergency Response, November, 1986.

Analytical Method Reference

Atomic Absorption, Furnace 1
Technique (Method 7060)

Inductively Coupled Plasma

Atomic Emission Spectroscopy

(Method 6010)

Atoaic Absorption, Furnace

Technique (Method 7746)

Test Methods for Evaluating Solid Waste, Third Edition, U.S. EPA,



Table D-2

ANALYTICAL METHODS FOR REGULATED ORGANIC CONSTITUENTS IN KO4B8-K052 WASTEWATER

Regulated Constituent
Volatiles

y, Benzene

8. Carbon disulfide
226. Ethylbenzene

43. Toulene

215-217. 1dylene (total)
Semivolatiles

52. Acenaphthene

57. Anthracene

59. Benz(a)anthracene
62. Benzo(a)pyrene

70. Bia(2-ethylhexyl )phthalate
8o. Chrysene

81. o-Cresol

82. p-Cresol

96. 2,4-Dimethyl phenol
98. Di-n-butylphthalate
109. Fluorene

121. Naphthalene

LR Phenanthrene

142, Phenol

145, Pyrene

‘Environmental Protection Agency, 1986.
Office of Solid Waste and Emergency Response, November, 1986.

FLUIDIZED BED INCINERATION

Total Composition

Preparation Method

Purge and Trap
(Method 5030)

Continuous Liquid-
Liquid Extraction

(Method 3520) and

Soxhlet Extraction
(Method 3540)

Analytical Method

Gas Chromatography/
Mass Spectromethy for
Volatile Organics
(Method 8240)

Gas Chromatography/
Mass Spectrometry for
Semivolatile Organics:
Capillary Column
Technique (Method 8270)

Reference

Test Methods for Evaluating Solid Waste, Third Edition, U.S. EPA,



Table D-3

Deviations from SW-846

Deviation from SW-846

Analysis Method SwW-846 Specification Me thod
Fluidized Bed Incineration
Semivolatile Organic 3540 Add 1.0 ml of solution 0. m) of solution contain-
Constituents containing 100 ug/mt of ing 1,000 ug/mi of the
(Total Composition) the acid surrogates and acid surrogates and 2,000
200 ug/m) of the base/ ug/ml of the base/neutral
neutral surrogates. surrogates were aadded to
Additional amounts of the the samples. The final
surrogates are added if concentration of the
high concentration surrogates in the
samples are erpected. estracts is the same as
specified in SwW-846.
8270 The internal standards The preparation of the

recommended are
1.,4-dichlorobenzene-dg.
napthalene-dg,
acenaphthene-dgg.
phenanthrene-dg,
chrysene-d;2, and
perylene-d 2. Other
compounds may be used as
internal standards as
long as the requirements
given in Paragraph 7.3.2
of tha method are met.
Each compound s
dissolved with a smail
volume of carbon
disulfide and diluted

to volume with methylens
chloride so that the
final solvent is approxi-
mately 20% carbon
agisulfide. Most of the
compaunds are also
soluble in small volumes
of methanol, acetone, or
toluene, encept for
perylene-d)2. The result-
ing solution will contain
each standard at a concen-
tration of 4,000 ng/ut.
Each 1-mL sample ertract
undergoing analysis should
be spiked with 10 uL of
the internal standard
solution, resulting in a
concentration of 40 ng/ul
ot each internal standard.

internal standards was
changed to eliminate

carbon disulfide as a
solvent. The internal
standard concentration was
changed to 50 ng/ul {instead
of 40 ng/ul. The standards
were dissolved in methylene
chioride only. Perylene-d;3
dissolved in methylene
chloride sufficiently to
yleld reliable results.



Table D-Y4

SPECIFIC PROCEDURES OR EQUIPMENT USED IN ANALYSIS OF REGULATED CONSTITUENTS
WHEN ALTERNATIVES OR EQUIVALENTS ARE ALLOWED IN THE SW-846 METHODS

Sw-846 Alternatives or Equivalents
Analysis Method Remark Allowed by SW-846 Methods

Specific Procedures
or Equipment Used

Fluidized Bed Incineration

volatile Organic Constituents
(Total Composition)

5030

Sample Aliquot: 50
mitifliters of )iquid or
2 grams of solid

The purge and trap
device to be used |is
specified in the method
in Figure t, the
desorber to be used is
described in Figures 2
and 3, and the packing
materials are descr ibed
in Section 4.10.2. The
method allows equiva-
lents of this equipment
or materials to be used.

The method specifies
that the trap must be at
least 25 cm long and

u The purge and trap
equipment, the
desorber, and the
packing materials
used were as spoci-
fiea in Sw-846.

o The length of the
trap was 30 cm andga
and the diameter was

have an inside diameter 0.25 c¢cm.
of at least 0.105 in,
The surrogates 0 Al) surrogates were

recommended are toluene-
d8, 4-bpromof luorobenzene,

and 1,2-dichlorocethane-d4.

The recommended concen-
tration level is 0.25 ug/
ml.

adaed at the concen-
tration recommended
in Sw-846.
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Table D-4 (Continued)

SPECIFIC PROCEDURES OR EQUIPMENT USED IN ANALYSIS OF REGULATED CONSTITUENTS
WHEN ALTERNATIVES OR EQUIVALENTS ARE ALLOWED IN THE SW-846 METHODS

Sw-846

Analysis Method Remark

Alternatives or Equivalents
faor Equipment or in Procedure

Specific Equipment or Procedures Used

Fluidized Bed Incineration (Continued)

Volatile Organic 6240 Sample o
Constituents Prepar-
(Total Composition) ation
(Cont inuea) Mathad,
5030
o
o

Recommended GC/MS operating conditions:

70 vols (nominal)
35-260 amu

Yo give S scans/
peak but not to
enceed 7 sec/scan

Electron energy:
Mass range:
Scan time:

Initial column temperature: 45°C
Initial column holding time: 3 min

Column tamperature program: 8°C/min
Final column temperature: 200°C
Final column holding time: 15 min
Injector temperature: 200-225°C

According to
manufacturer’'s
specification
250-300°C
Hydrogen at 50
cm/sec or helium
at 30 ca/sec

Source temperature:

Transfer )ine temperature:
Carrier gas:

The column should be 6-ft n 0.1 in 1.D0. glass,
packed with 1% SP-1000 on Cartopact 8 (60/80
mesh) or an equivalent. :

Samples may be analyzed by purge and trap
technique or by direct injection.

Actual GC/MS operating conditions:

70 ev
35-350 amu
2 sec/scan

Electron energy:
Mass range:
Scan time:

Initial column temperature: 10°C
Initia)l column holding time: 5 min

Column temperature program: 6°C/min
Final column temperature: 160°C
Final column holding time: 20 min
Injector temperature: 220°c
Source temperature: 250°cC
Transfer lline temperature: 275°cC
Carrier gas: Helium @ 30
ml/min

Aaditional Information on Actual System Useda:
Equipment: Finnegan Mat model! $S100 GC/MS/DS

System .
Data system: SUPERINCOSR
Mode: Electron impact .

NBS library available
Interfact to MS - Jet separator

The column used was a3 capillary VOCOL which
is 60 meters long and has an inner diameter
of 0.75 mm and a 1.5 umdg. .

All samples were analyzed using the purge
and trap technique.
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Table D-4§ (Continued)

SPECIFIC PROCEDURES OR EQUIPMENT USED IN ANALYSIS OF REGULATED CONSTITUENTS
WHEN ALTERNATIVES OR EQUIVALENTS ARE ALLOWED IN THE SW-846 METHODS

Sw-846 Altarnatives or Equivalents
Analyses Me thod Remark Allowed by SW-846 M«thods

Specific Procedures
or Equipment Used

Fluidized Bed Incinerstion (Continued)

Semivolatile Organic
Constituents
(Yotal Composition)

3540

Sample Aliquot:
10 grams of solid

The base/neutral
surrogates recommended
are 2-fluorobiphenyl,
nitrobenzene-db%, and
terphenyl-d4. The
acid surrogates
recommended are 2-
fluorophenol, 2.,4,6-
tribromophenol, and
phenol-d6. Additional
compounds may be used
for surrogates. The
recommended concentra-
tions for low medium
concentrations level
samples are 100 ug/m)
for acid surreogates and
200 ug/ml for base/
neutral surrogates.
Volume of surrogates
added may be adjusted.

Sample grinding may be
required for samples
not passing through a
I mn standard sieve or
a 1 mm opening.

Surrogates were the
recommended by SW-846
with the exception
that phenol-d5 was
substituted for

pheno ) -d6. The
concentrations of
surrogates {in the
samples were 100 ug/
ml of acid surrogates
ana 200 ug/ml of base/
Nneutral surrogates.

Sample grinding was
was not required.



¢1-a

Table D-4 (Continued)

SPECIFIC PROCEDURES OR EQUIPMENT USED IN ANALYSIS OF REGULATED CONSTITUENTS
WHEN ALTERNATIVES OR EQUIVALENTS ARE ALLOWED IN THE SW-846 METHODS

Sw-846

Anslyais Method Ramark

Alternatives or Equivalents
for Equipment or in Procedure

Specific Equipment or Procedures Used

Fluidized Bed Incineration (Continued)

Semivolatile 8270 Sample
Organic Prepar-
Constituents ation
(Cont inued) Mathod;
3520-
Liquide
3540-
Solids

Recommended GC/MS operating conditions: o

Mass rangas:
Scan time:

Initial column temperature:
Infitial column holding time:
Column temparature program:

Final column temparature

hold:

Injector tempersture:

Transfar )ine temperature:

Source tampersture:

Injector:

Sampls volume:
Carrfiear gas:

356-500 amu
V sec/scan
40°C

4 main
40-270°C ot
10°C/min

270°C. (unti}
benzo(g.h.1)
perylene has
eluded)
250-300°C
250-300°C
According to
manufacturer's
specification
Grob-typs, split
less

1-2 utb

Hydrogen at S50 cm/
sec or helium at
30 cm/sec

The column shouid be 30 m by 0.25 mm 1.D., o
I-um film thickness silicon-coated fused sitice
cepillary column (JaW Scientific DB-5 or

equivalent).

Actual GC/MS operating conditions:

Mass range: 35-450 amu
Scen time: 0.5 sec/scan
Initiel column temperature: 35°9C

Initial column holding time: 10°C min

Column temperature progrem: 35°C e 10°C/min

Final column temperature

hold: 27159C

Injector temperature: 215°C.

Source temperature: 250°cC

Tranafer line temperature: 275°c

Source temperature 250°cC
Injector: Cool-on-co lumn

at 35°C
Sample volume: 0.5 ul of

sample extract
Hydrogen @ 50
cm/sec or
helium at 30
cm/sec

Carrier gas:

Additional Information on Actual system Used:
Equipment: Hewelett Packard S987A° GC/MS
(Operators Manual Revistion B) ° )
Software Package: AQUARIUS NBS library
avaitable

The column used was the JAW scientific DB-5
silica capillary column. 1t is 30 meters
with a 0.32 mm capillary column inner
diameter and a 0.25 um film,



Table D-4 (Continued)

SPECIFIC PROCEDURES OR EQUIPMENT USED IN ANALYSIS OF REGULATED CONSTITUENTS
WHEN ALTERNATIVES OR EQUIVALENTS ARE ALLOWED IN THE SW-8Y46 METHODS

Specific Procidures
or Equipment Used

Sw-846 Alternatives or Equivalent
Analysis Method ' Remark Allowed Dy SW-846 Methods

Fluidized Bed Incineration (Continued)

Metal Constituents (TCLP) 6010

7429

£1-a

Equipment Used:
ICPES-Appl {ed Research
Laboratories

(ARL) -34000

Equipment Used: Perkin
EVmer 3030

Operate equipment fol-
towing instructions
provided by instru-
ment ‘s manufacturer

For operation with
organic solvents,
aunillifary argon gas
inlet {is rscommended.

Operate equipment fol-
lowing instruction

providad by instrument’s

msnufscturer.

For background
correction, use afther
continous correction or
alternatives, o.9.,
Zeeman correction.

If samples contain large

amount of organic

material, they should be
oxidized by conventional

acid digestion before
being analyzed.

Equipment operated
us ing procedures
specified in the
ARL-34000 ICP
Software Guide ana
the ARL-34000
Programmer ‘s Guide.

Auxiliary argon gas
was not required for
sample matrices
analyzed in this
sampling episode.

Equipment operated
using procedures
specified In Perkin
Elmer 3030
Instruction Manual.

Background detect ion
was used. Cont inuous
correct on Mode!l! 303.

Sample preparation was
required to remove
organics. .
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Table D-4 (Continued)

SPECIFIC PROCEDURES OR EQUIPMENT USED IN ANALYSIS OF REGULATED CONSTITUENTS

WHEN ALTERNATIVES OR EQUIVALENTS ARE ALLOWED IN SW-846 METHODS

Alternatives or Equivalents
Allowed by Sw-846 Methods

Specific Procedures
or Equipment Used

SW-846
Analysis Method Remark
Stabilization
Metals Constituents (TCLP) 6010 Equipment Used:

Perkin Elmer Plasma I1
Emission Spectrophoto-
aeter

Operate equipment

following instructions

provided by instru-
ment ‘s manufacturer

For operation with
organic solvents,
aunilliiary argon gas

inlet is recommended.

Equipment operated
us ing procedures
specified in
operation manuals
prepared by Perkin
Elmer.

Auxitiary argon gas
was for sample
analyses.
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Table D-5

MATRIX SPIKE RECOVERIES FOR FLUIDIZED BED INCINERATOR ASH

Original Amount Amount Percent®
Amount Found Spiked Recovered Recovery
Spike Constituent (ppm) (ppm) (ppm) (%)
VOLATILES
4. Benzene ¥ 50 hy 88
9. Chlorobenzene @ 50 23 46
21. Dichlorodifluoromethane  %%¢
22. 1,1-Dichloroethane @ 50 48 96
43. Toluene « 50 4o 80
47. Trichloroethene « 50 38 76
215-
217. Xylene (total) e
Average 11
Sample Result Duplicate Sample Result
Original Amount Amount Percent® Amount Percent®
Amount Found Spiked Recovered Recovery Recovered Recovery
Spike Constituent (ppm) (ppm) (ppm) (%) (ppm) (%)
SEMIVOLATILES
(BASE/NEUTRAL FRACTION)
52. Acenaphthene 0.2 10 6.6 66 6.3 63
59. Benz(a)anthracene e
62. Benzo(a)pyrene e
70. Bis(2-ethylhexyl) LA
phthalate
80. Chrysene e
87. o-Dichlorobenzene 0.2 10 7.5 75 7.6 76

%Percent recovery = 100 x (Cj - Cy)/Ct, where Cjy = amount recovered, C, = original amount found, and C¢ =
amount spiked.

%¥%No matrix spike was performed for this constituent. The percent recovery for this constituent is based on the
lower average percent recovery of the semivolatile (base/neutral) constituents. The lower average percent
recovery is 67% from the duplicate sample.

%#%No matrix spike was performed for this constituent. The percent recovery is based on the average percent
recovery for the volatile constituents. This value is 77%.
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Table D-5 (Continued)

MATRIX SPIKE RECOVERIES FOR FLUIDIZED BED INCINERATOR ASH

Sample Result Duplicate Sample Result
Original Amount Amount Percent® Amount Percent®
Amount Found Spiked Recovered Recovery Recovered Recovery
Spike Constituent (ppm) (ppm) (ppm) (2) (ppm) (2)
98. Di-n-Butyl phthalate i
102. 2,4-Dinitrotoluene <5.0 50 217 54 - 26 52
105. Di-N-propylnitrosamine <0.5 50 35 70 35 70
109. Fluorene Ll
121. Naphthalene "
141. Phenanthrene e
145. Pyrene <0.2 10 5.8 58 5.3 53
150. 1,2,4-Trichlorobenzene <0.5 10 9 90 8.6 86
Average | 69 67
INORGANICS
169. Cyanide <0.51 0.10 0.104 104 -- --
171. Sulfide <50 . 523 418 82 -- -

#%No matrix spike was performed for this constituent. The percent recovery for this constituent is based
on the lower average percent recovery of the semivolatile (base/neutral) constituents. The lower average
percent recovery is 67% from the duplicate sample. .
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Table D-5 (Continued)

MATRIX SPIKE RECOVERIES FOR FLUIDIZED BED INCINERATOR ASH

Sample Result Duplicate Sample Result
Original Amount Amount Percent® Amount Percent®
Amount Found Spiked Recovered Recovery Recovered Recovery
Spike Constituent (ppm) (ppm) (ppm) (%) (ppm) (%)

METALS (TCLP EXTRACT)

154, Antimony + T4
155. Arsenic + 136
156. Barium + 93
157. Benyllium + 76
158. Cadmium + 75
159. Chromium (total) + 80
221. Chromium (hexavalent) + 63
160. Copper + 88
161. Lead + 83
163. Nickel + 73
164. Selenium + 81
165. Silver + 75
166. Thallium + 59
167. Vanadium + 77
168. Zinc + T4

+No matrix spike was performed for this constituent. The percent recovery is the average percent recovery from
cement, kiln dust, and lime and fly ash TCLP extract for the stabilized ash for this constituent. Table D-6
presents the data for the percent recoveries for stabilized fluidized bed incinerator ash.

%pPercent recovery = 100 x (Cj - C5)/Ct, where C{ = amount reéovered, Co = original amount found, and
Ct = amount spiked.
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Table D-6

MATRIX SPIKE RECOVERIES FOR THE TCLP EXTRACT FOR STABILIZED FLUIDIZED BED INCINERATOR ASH

CEMENT
Cement: Run 2
Original Amount Amount Percent
Amount Found Spiked Recovered Recovery®
(ppm) {ppm) _(ppm) (2)

CONSTITUENTS (ppm)
BDAT METALS '
154, Antimony e T4
155. Arsenic <0.004 0.1 0.136 136
156. Barium e : 93
157. Beryllium ue 76
158. Cadmium ' ue 75
159. Chromium (total) " _ 80
221, Chromium

(hexavalent) bk 63
160. Copper e 88
161, Lead <0.006 1.0 0.994 99
163. Nickel ", ’ 73
164. Selenium 0.022 0.05 0.064 84
165. Silver e 5
166. Thallium 0.009 1.0 0.612 61
167. Vanadium b ‘ 77

168. Zinc e T4

#percent recovery = 100 x (Cj - Co)/C, where Cj = amount recovered, Co = original amount found, and
Cy = amount spiked. .
#¥No matrix spike was performed for this constituent. The percent recovery is the average of percent recoveries
from kiln dust and lime and fly ash for this constituent. This average is shown in the percent recovery
column.
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Table D-6 (Continued)

MATRIX SPIKE RECOVERIES FOR THE TCLP EXTRACT FOR STABILIZED FLUIDIZED BED INCINERATOR ASH

KILN DUST :
Kiln Dust: Run 1 Kiln Dust: Run 3
Original Original
Amount Amount Amount Percent Amount Amount Amount Percent
Found Spiked Recovered Recovery® Found Spiked Recovered Recovery®

CONSTITUENTS (ppm) (ppm)  (ppm) (ppm) (%) (ppm) (ppm) ~ {ppm) (%)
BDAT METALS

154, Antimony <0.163 1.0 0.66 66 <0.163 1.0 0.815 82
155. Arsenic . Ll 0.005 0.1 0.137 132
156. Barium 0.203 1.0 1.103 90 0.204 1.0 1.15 91
157. Beryllium <0.001 1.0 0.706 1M <0.001 1.0 0.845 85
158. Cadmium <0.003 1.0 0.694 69 <0.003 1.0 0.834 83
159. Chromium (total) 1.78 1.0 2.532 % 1.87 1.0 2.74Y4 817
221. Chromium s 2.13 1.0 3.15 102
(hexavalent)
160. Copper <0.003 1.0 0.721 72 <0.003 1.0 1.17 17
161. Lead LL) <0.006 1.0 0.765 11
163. Nickel <0.018 1.0 0.675 68 <0.018 1.0 0.816 82
164. Selenium . 0.044 0.04 0.05 0.0776 75
165. Stilver <0.006 1.0 0.70 70 ’ <0.006 1.0 0.838 84
166. Thallium e 0.009 1.0 0.573 56
167. Vanadium 1.53 1.0 1.968 4y 1.56 1.0 2.498 9y
168. Zinc 0.048 1.0 0.755 (R 0.031 1.0 0.871 84

%Percent recovery = 100 x (Cy - Cg)/C¢, where Cj; = amount recovered, C, = original amount found, and

Ct = amount spiked.
#8No matrix spike was performed for this constituent for run 1.
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Table D-6 (Continued)

MATRIX SPIKE RECOVERIES FOR THE TCLP EXTRACT FOR STABILIZED FLUIDIZED BED INCINERATOR ASH

LIME AND FLY ASH

Lime and Flyash: Run: 3

Original
Amount Amount Amount Percent
Found Spiked Recovered Recovery®*

CONSTITUENTS (ppm) (ppm) (ppm) (ng! (%)
BDAT METALS

154, Antimony <0.163 1.0 0.751 75
155. Arsenic 0.006 0.1 0.146 140
156. Barium 0.599 1.0 1.568 97
157. Beryllium <0.001 1.0 0.728 13
158. Cadmium <0.003 1.0 0.722 T2
159. Chromium (total) 1.08 1.0 1.846 Yk
221, Chromium (hexavalent) 0.17M 1.0 0.403 23
160. Copper 0.006 1.0 0.749 T4
161, Lead <0.006 1.0 0.72 72
163. Nickel <0.018 1.0 0.698 70
164, Selenium 0.017 . 0.05 0.059 85
165. Silver <0.006 1.0 0.726 13
166. Thallium <0.001 1.0 0.583 58
167. Vanadium 0.156 1.0 1.092 94
168, Zinc 0.052 1.0 0.734 68 .

%pPercent recovery = 100 x (Cqy - Co)/C¢, where Cj = amount recovered, Co = original amount found, and
C¢ = amount spiked.
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Table D-7

MATRIX SPIKE RECOVERIES FOR ORGANICS IN WASTEWATER RESIDUALS

Sample Result Dupl icate Sample Result
Original Amount Amount Percent® Amount Percent*
Amount Found Spiked Recovered Recovery Recovered Recovery
Spike Constituent (ppb) (ppb) (ppb) (%) (ppb) (2)
VOLATILES
4. Benzene b 25 27.86 m 29.14. 17
9. Chlorobenzene <4.0 25 29.07 116 29.45 118
21. Dichlorodifluoromethane <41 25 ND NA ND NA
24. 1,1-Dichloroethane <4 25 38.40 154 38.96 156
43. Toluene 4.0 25 27.46 110 29.78 119
47. Trichloroethene .0 25 27.91 112 29.12 116
215. o-Xylene <4.0 25 27.91 12 28.92 116
g:.‘;: :’_:ﬁz:: 4.0 50 53.85 108 55.09 110
SEMIVOLATVLES
52. Acenaphthene <10 100 91.58 92 57.32 57
62. Benzo(a)pyrene <10 100 98.51 99 58.90 59
70. Bis(2-ethylhexyl) <10 100 83.71 84 65.41 65
phthalate
76. p-Chloro-m-cresol <20 200 265.15 133 181.09 91
78. 2-Chlorophenol <10 200 230.40 115 192.93 96
80. Chrysene <10 100 105.64 106 64.62 65
88. 1,4-Dichlorobenzene <10 100 , 75.82 76 64.01 64
98. Di-n-Butyl phthalate <10 100 108.06 " 108 47.36 47
102. 2,4-Dinitrotoluene <10 100 111.34 1 56.48 56
105. Di-n-propylnitrosamine <10 100 93.05 93 69.57 70
109. Fluorene <10 100 105. 1 105 56. 11 56
121. Naphthalene <10 100 117.85 118 85.04 85

%Percent recovery = 100 x (Cj - C5)/C¢, where Cj = amount recovered, Cy, = original amount found, and Cy =
amount spiked.
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Table D-7 (Continued)

MATRIX SPIKE RECOVERIES FOR ORGANICS IN WASTEWATER RESIDUALS

Sample Result Duplicate Sample Result

Original Amount Amount Percent® Amount Percent®

Amount Found Spiked Recovered Recovery Recovered Recovery
Spike Constituent (ppb) (ppb) (ppb) (%) (ppb) (%)

SEMIVOLATILES (Cont.)

127. U-Nitrophenol <50 200 - 151.40 76 123.87 62
139. Pentachlorophenol <50 200 101.00 51 117.68 59
141. Phenanthrene <10 100 98.72 99 71.42 T
142, Phenol <10 200 216.57 108 118.81 59
145. Pyrene <10 100 120.98 121 61.67 62
150. 1,2,4-Trichlorobenzene <10 100 83.21 83 66.28 66

¥Percent recovery = 100 x (Cy - Co)/C¢, where Cj = amount recovered, C, = original amount found, and Cg =
amount spiked.
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Table D-8

MATRIX SPIKE RECOVERIES FOR METALS IN WASTEWATER RESIDUALS*

Sample Recovery Duplicate Sample Result
Original Amount Amount Percent Amount Percent
Amount Found Spiked Recovered Recovery Recovered Recovery*
Spike Constituent (ppb) (ppb) (ppb) (2) (ppb) [43]
159. Chromium (total) 4.0 50 35 70 34 68
161. Lead <5.0 . 25 22 88 19 76
168. 2inc 2,640 10,000 12,600 100 12,400 98

¥Percent recovery = 100 x (Cj - C5)/Cp, where Cj = amount recovered, Co = original amount found, and
Ct = amount spiked.

*Matrix spike recoveries transferred from the Onsite Engineering Report for Horsehead (Reference 28).



Table D-9
SUMMARY OF ACCURACY CORRECTION FACTORS FOR NONWASTEWATER

(Fluidized Bed Incineration)

Accuracy Correction Factor?®

Constituent Total Concentration TCLP
21. Dichlorodifluoromethane 1.30
43, Toluene 1.25
Xylene 1.30
59. Benz(a)anthracene 1.49
62. Benzo(a)pyrene 1.49
70. Bis(2-ethylhexyl)phthalate 1.49
80. Chrysene 1.49
98. Di-n-butyl phthalate 1.49
109. Fluorene 1.49
121. Naphthalene 1.49
141. Phenanthrene 1.49
145, Pyrene 1.89
154, Antimony 1.35
165. Arsenic 0.74
156. Barium 1.08
157. Beryllium 1.32
158. Cadmium 1.33
159. Chromium (total) 1.25
160. Copper 1.14
161. Lead 1.20
163. Nickel 1.34
164. Selenium 1.23
165. Silver 1.33
167. Vanadium 1.30
168. Zinc 1.35
169. Cyanide 0.96
171. Sulfide 1.22

*The Accuracy Correction Factor is equal to 1 divided by the Percent
Recovery.
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154,
155.
156.
157.
158.
159.
160.
161.
163.
164.
165.
167.
168.

®*The Accuracy Correction Factor is

Table D-10

SUMMARY OF ACCURACY CORRECTION FACTORS FOR NONWASTEWATER

Constituent

Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Lead
Nickel

Selenium

. Silver

Vanadium

Zine

(Stabilization)

Accuracy Correction Factor?®

Cement

1.10
1.32
1.33
1.25
1.34
1.01
1.37
1.19
1.33

D-25

Kiln Dust

1.36
0.76
1.10
1.29
1.31
1.23
1.06
1.31
1.34
1.33
1.30
1.45

1.29

Lime and Fly Ash

1.03
1.37
1.39
1.31
1.35
1.39
1.43
1.18
1.38

equal to 1 divided by the Percent Recovery.



Table D-11

SUMMARY OF ACCURACY CORRECTION FACTORS FOR WASTEWATER

(Fluidized Bed Incinerator Scrubber Water)

Accuracy Correction Factor®

0.90

&=
—

(Chromium Reduction Followed by Lime and Sulfide
Precipitation and Vacuum Filtration)

Constituent
4, Benzene
43, Toluene
62. Benzo(a)pyrene
70. Bis(2-ethylhexyl)phthalate
80. Chrysene
98. Di-n-butyl phthalate
109. Fluorene
121, Naphthalene
141, Phenanthrene
142, Phenol
145. Pyrene
215-217. Xylene (total)
226. Ethylbenzene
Constituent
159. Chromium (total)
162. Lead
164. Zine

Accuracy Correction Factor®

1.47
1.32
1.02

®*The Accuracy Correction Factor is equal to 1 divided by the Percent Recovery.
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APPENDIX E

STRIP CHARTS FOR THE SAMPLING EPISODES AT PLANT A

PRESSURE DIFFERENTIALS, INCINERATION TEMPERATURES,

Figure

Figure

Figure

Figure

Figure

AND STACK CARBON MONOXIDE CONCENTRATION

E-1:

E-2:

E-4:

E<5:

Constriction Plate and Bed Pressure Differentials
from the January 13, 1987 Sampling Episode

Bed and Freeboard Temperatures from the January 13,
1987 Sampling Episode

Constriction Plate and Bed Pressure Differentials
from the January 26, 1988 Sampling Episode

Bed and Freeboard Temperatures from the January 26,
1988 Sampling Episode

Stack Carbon Monoxide Concentration from the January
26, 1988 sampling Episode
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TIME (MILITARY TIME, JANUARY 28, 19Y88)

Stack Carbon Monoxide Concentration (ppm)
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Appendix F

OTHER TREATMENT DATA

Appendix F contains treatment data for KOUB-K052 wastes which were

not used in the development of treatment standards. Table F-1 is an index of

all data presented in this appendix.

Table F-1

INDEX OF TREATMENT DATA

Facility Section Page
Plant B - API Report (Reference 26) F. F-2
Plant E - API Report (Reference 26) F.2 F-4
Plant F - API Report (Reference 26) F.3 F-5
Plant H - API Report (Reference 26) F.4 F-6
Plant J - API Report (Reference 26) F.5 F-10
Plant K - SQHIO Report (Reference 9) F.6 F-20
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F.1 - Treatment Data for Plant B (K0S51)

PRESSURE FILTRATION (BELT FILTER PRESS)

Detected BDAT List Constituents+

VOLATILES

4, Benzene
226. Ethyl benzene

43. Toluene '
215-217. Xylene (total)

SEMIVOLATILES
57. Anthracene
59. Benz(a)anthracene
62. Benzo(a)pyrene
63. Benzo(b)fluoranthene
80. Chrysene
81. o-Cresol
82. p-Cresol
96. 2,4-Dimethylphencl
121. Naphthalene
141. Phenanthrene

142. Phenol
145. Pyrene
METALS

155. Arsenic
156. Barium
158. Cadmium
159. Chromium
161. Lead
162. Mercury

164. Selenium
165. Silver

Untreated K051 Waste

Treated Waste
. Filter Cake

mg/kg mg/kg
(ppm) (ppm)
T4 10
120 <30
uso 1.5
720 158
13 <2
13 15
7 2
& 6
23 U
<2 2
<2 2
2 2
200 220
110 170
<2 <2
27 42
ggi%g TCLP mg/L
5. 0.02
68 0.26
<0.5 <0.008
80 0.01
64 <0.04
4.4 <0.001
1.6 <0.04
<0.3 <0.006

+ Analyses were not performed for all BDAT list organic and metal

constituents.
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Design and Operating Parameters Operating Range™

Sludge feed rate (gpm) 21.5
Dilution water feed rate (gpm) 3
Polymer solution concentration (wt%) 1.3
Polymer solution feed rate (gpm) 1.5
Belt tension (psi) 200
Belt speed

Gravity section (ft/min) 20

Pressure section (ft/min) 35

*Design values were not presented in the API report.
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F.2 Treatment Data for Plant E (K051 and K052)

PRESSURE FILTRATION (PLATE FILTER PRESS)

Treated Waste

Untreated Waste® Filter Cake
: mg/kg mg/kg
Detected BDAT List Constituents+ (ppm) (ppm)
VOLATILES
4, Benzene 9.8 60
226. Ethyl benzene 17 110
34. Methyl ethyl ketone <43 <300
43. Toluene 68 360
215-217. Xylene (total) 106 690
SEMIVOLATILES
57. Anthracene 0.069 9.4
59. Benz(a)anthracene 0.14 20
62. Benzo(a)pyrene 0.071 9.9
63. Benzo(b)fluoranthene 0.041 6.2
70. Bis(2-ethylhexyl)phthalate <0.009 <1
80. Chrysene 0.24 26
81. o-Cresol 0.33 : <1
82. p-Cresol 0.42 <\
83. Dibenz(a,h)anthracene <0.009 <1
96. 2,4-Dimethylphencl <0.009 <1
108. Fluoranthene 0.005 . 5.9
121. Naphthalene 1.1 90
141. Phenanthrene 0.53 u7
142. Phenol 1.7 <1
145, Pyrene 0.25 22
METALS mg/k TCLP mg/L
155. Arsenic 0.8 0.004
156. Barium sS4 0.57
158. Cadmium <0.5 <0.02
159. Chromium 328 <0.025
161. Lead u8 <0.1
162. Mercury 0.13 <0.001
164. Selenium <0.4 <0.004
165. Silver ‘ -—- <0.015

Design and Operating Parameters

No data were submitted

*The untreated waste consists of K051, K052 and unleaded tank bottoms. These
wastes were conditioned with lime before sampling.

--- Data were not available for this constituent.

+Analyses were not performed for all BDAT List organic and metal
constituents. '

F-4



F.3 Treatment Data for Plant F (KO49 and KO051)

SOLVENT EXTRACTION

Detected BDAT List Constituente+

VOLATILES
4. Benzene
43. Toluene

215-217. Xylene (total)

SEMIVOLATILES

57. Anthracene
80. Chrysene
121. Naphthalene
141. Phenanthrene
142. Phenols

METALS
159. Chromium (total)
161. Lead

Design and Operating Parameters

No data were submitted

Untreated Waste®

Treated Waste

Extracted Residual

mg/keg mg/kg
(ppm) (ppm)
600 1.3
6,600 5.0
8,880 4.u
<l <0.001
<19 <0.001
560 0.005
T40 0.005
<1,900 <0.10
mg/Kg TCLP mg/L
220 0.1
27 0.05

*The untreated waste i3 a mixture of KO49 and K051 waste.

+Analyses were not performed for all BDAT list organic and metal

constituents.

F-5



F.4 Treatment Data for Plant H (KO48 - K052)

(a) THERMAL DRYING (Specific Waste Codes Not Reported)

Treated Waste

Untreated Waste® Filter Cake Residue
mg/Kg mg/kg
Detected BDAT List Constituents+ (ppm) (ppm)
350°F 550°F
VOLATILES )
4. Benzene 80 0.5 ¢0.05
226. Ethylbenzene 86 <0.5 0.12
34. Methyl ethyl ketone ' <12 <5.0 3.4
43. Toluene - 340 1.5 1.2
215-217. Xylene (total) 430 2.5 0.33
SEMIVOLATILES
57. Anthracene 13.3 100 96
59. Benz(a)anthracene 3.4 60 70
62. Benzo(a)pyrene 1.8 <u8 uy
63. Benzo(b)fluoranthene 1.2 <48 29
70. Bis(2-ethylhexyl)phthalate 1.1 <48 14
80. Chrysene 9.4 81 100
81. o-Cresol 0.4 <7.3 <1
82. p-Cresol 1.3 7.3 19
83. Dibenz(a,h)anthracene 1.1 48 21
96. 2,4-Dimethylphenol 0.7 <7.3 <1
108. Fluoranthene <1 48 56
121. Naphthalene 82 120 15
141. Phenanthrene 109 720 590
142. Phenol 0.9 <7.3 © 12
145. Pyrene 26 200 200
METALS mg/kg TCLP mg/L
155. Arsenic 2.0 0.005 <0.04
156. Barium 115 <0.6 0.57
158. Cadmium 2 <0.01 <0.008
159, Chromium (total) 340 0.1 0.04
161. Lead 4o : <0.04 <0.04
162. Mercury 0.2 <0.001 NA
164. Selenium Y4 0.004 0.1
165. Silver 1.5 - <0.004 <0.006

*The untreated waste is the filter cake from the belt filter press at plant C
generated from treatment of petroleum refinery wastes (the specific waste
codes were not specified).

NA Not Analyzed

--- Data were not available for this constituent.

+Analyses were not performed for all BDAT organic and metal constituents.

BDL = Below Detection Limit.
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Design and Operating Parameters Operating Range®
350%  550%F

Temperature of heat transfer fluid (°F) 450 650

Retention time (min) 50 36-42

*Design values were not presented in the API report.



(b) THERMAL DRYING (KOS51 and K052)

Treated Waste

Untreated Waste® Filter Cake Residue
mg/kg mg/kg
Detected BDAT List Constituents+ (ppm) (ppm)
350°F 550°F
VOLATILES
4. Benzene . 60 <1.5 0.17
226. Ethyl benzene 110 4.3 0.51
34. Methyl ethyl ketone <300 <1.5 <1.3
43, Toluene 360 8.3 1.0
215-217. Xylene (total) 690 3.2 3.4
SEMIVOLATILES
57. Anthracene 9.4 1M 4.1
59. Benz(a)anthracene 20 19 17
62. Benzo(a)pyrene 9.9 20 16
63. Benzo(b)fluoranthene 6.2 10 N
70. Bis(2-ethylhexyl)phthalate <1 <6.4 <1
80. Chrysene 26 37 28
81. o-Cresol <1 <0.64 <1
82. p-Cresol <1 <0.64 <1
83. Dibenz(a,h)anthracene 1 <6.4 <1
96. 2,4-Dimethylphenol <1 <0.64 <\
108. Fluoranthene 5.9 13 T 4.6
121. Naphthalene 90 42 4.6
141. Phenanthrene 47 120 2.6
142. Phenol ' Q1 1.2 1.0
145, Pyrene 22 92 16
METALS - mg/kg TCLP mg/L
155. Arsenic 7.0 0.01 <0.1
156. Barium 142 0.8 1.3
158. Cadmium 1 <0.1 0.02
159. Chromium 835 <0.025 0.02
161. Lead 126 . <0.1 <0.1
162. Mercury 2.9 <0.001 NA
164. Selenium Y4 <0.004 <0.3
165. Silver <0.6 <0.015 <0.02

*The untreated waste is the filter cake from the plate filter press at plant
E generated from treatment of K051, K052, and unleaded tank bottoms. These
wastes were conditioned with lime prior to filtration.

+Analyses were not performed for all BDAT organic and metal constituents.
NA = Not analyzed.



Design and Operating Parameters Qperating Range®*

350°F 550°F

Temperature of heat transfer fluid (°F) 450 650
Retention time (min) 50 36-42

*Design values were not presented in the API report.
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F.5 Treatment Data for Plant J (KO48-K052)

(a) MICROENCAPSULATION/POZZOLANIC STABILIZATION (KOu49)

Untreated Waste® ~ Treated Waste
TCLP TCLP
mg/L mg/L
Detected BDAT List Constituent (ppm) (ppm)
VOLATILES
4, Benzene 26 0.16
226. Ethyl benzene 27 0.13
43. Toluene 51 0.66
215-217. Xylene (total) 101 0.63
SEMIVOLATILES
81. ortho-Cresol 0.05 0.07
96. 2,4-Dimethylphenol 0.06 0.07
121. Naphthalene 0.27 0.22
141. Phenanthrene 0.1 0.01
142. Phenol 0.02 0.94
METALS
155. Arsenic BDL 0.01
156. Barium 1.4 1.4

Design and Operating Parameters

No data were submitted.

*The untreated waste is slop oil emulsion solids (KO49).

+Analyses were not performed for all BDAT List organic and. metal
constituents.

BDL = Below detection limit; detection limit not reported.



(b) MICROENCAPSULATION/POZZOLANIC STABILIZATION (KOS51) "

Detected BDAT List Constituents+

VOLATILES
4. Benzene
226. Ethyl benzene
43. Toluene
215-217. Xylene (total)

SEMIVOLATILES
57. Anthracene
59. Benzo(a)anthracene
62. Benzo(a)pyrene
80. Chrysene
81. ortho-Cresol
96. 2,4-Dimethylphenol
121. Naphthalene
141. Phenanthrene
142. Phenol

145. Pyrene
METALS

185. Arsenic
156. Barium

159. Chromium (total)

Design and Operating Parameters

No data were submitted.

Untreated Waste®

TCLP
mg/L
(ppm)

Treated Waste

A —s
- NVNOO0OO0OOO0OO0OO0OW

.49
.38
.99
.25

.06

0.01

.89

*The untreated waste is API separator sludge (K051).

'+Analyses were not performed for all BDAT List organic and metal

constituents.

TCLP
mg/L
(ppm)

[oNeoNeNe)

.04
.1
.24
.57

.005
.005
.005
.005
.01
.01
.16
01
.03
.005

.002

.025



(c) MICROENCAPSULATION/POZZOLANIC STABILIZATION (Specif'ic Waste Codes Naot

Reported)
Untreated Waste®* Treated Waste
TCLP TCLP
mg/L mg/L
Detected BDAT List Constituents+ (ppm) (ppm)
VOLATILES
4. Benzene 1.3 <0.0005
43. Toluene 2.2 0.01
215-217. Xylene (total) 1.8 0.14
SEMIVOLATILES
121. Naphthalene 0.1 BDL
141. Phenanthrene _ <0.01 0.01
METALS
156. Barium 1.0 2.2

Design and Operating Parameters

No data were submitted.

*The untreated waste is the filter cake from the belt filter press at plant C
generated from treatment of petroleum refinery wastes (the specific waste
codes were not reported).

+Analyses were not performed for all BDAT List organic and metal
constituents.

BDL = Below detection limit; detection limit not reported.



(d) MICROENCAPSULATION/POZZOLANIC STABILIZATION (K051 and K052)

Detected BDAT List Constituentse

VOLATILES
4. Benzene
226. Ethyl benzene
43. Toluene
215-217. Xylene (total)

SEMIVOLATILES

81. ortho-Cresol

96. 2,4-Dimethylphenol
121. Naphthalene

141, Phenanthrene

142. Phenol

METALS

155. Arsenic
156.‘ Barium

Design and Operating Parameters

No data were submitted.

Untreated Waste®

TCLP
mg/L
(ppm)

- NDOoOO
£
n

N

[eNoNeNoNe]
- O - 0O

0.00%*
0.57

Treated Waste

TCLP
mg/L
(ppm)

0.01
NA
0.09
0.47

NA
NA
NA
0.22
BDL

BDL
2.0

®*The untreated waste is the filter cake from the plate filter press at

plant E generated from treatment of a mixture of KOS! and KQS2.

*#Value was reported as 0.00.

+Analyses were not performed for all BDAT List organic and metal

constituents.

BDL = Below detection limit; detection limit was not reported.

NA = Not Analyzed



(e) SODIUM SILICATE/POZZOLANIC STABILIZATION (Specific Waste Codes Not

Reported
Untreated Waste® Treated WASte
TCLP TCLP
mg/L mg/L
Detected SDAT List Constituents+ (ppm) {ppm)
VOLATILES
4, Benzene 1.3 0.48
43, Toluene 2.2 1.8
215-217. Xylene (total) 1.8 1.2
SEMIVOLATILES
81. ortho-Cresol 0.02 ———
96. 2,4-Dimethylphenol . 0.04 —a-
121. Naphthalene 0.1 0.18
METALS ‘
155. Arsenic <0.1 0.01
156. Barium 1.0 BDL

Design and Operating Parameters

No data were submitted.

*The untreated waste is the belt filter cake from plant C generated from
treatment of unknown petroleum refinery wastes (the specific waste codes were
not reported).

+Analyses were not performed for all BDAT List organic and metal constituents.

---Data were not available for this constituent.



(f) SODIUM SILICATE/POZZOLANIC STABILIZATION (K051 and k052)

Untreated Waste® Treated Waste
TCLP TCLP
mg/L mg/L
Detected BDAT List Constituents+ (ppm) (ppm)
VOLATILES
4. Benzene <0.02% 0.00##
43. Toluene 0.03 0.01
215-217. Xylene (total) <0.05 0.02
SEMIVOLATILES
70. Bis(2-ethylhexyl)phthalate 0.012 NA
81. ortho-Cresol 0.02 NA
121. Naphthalene 0.01 BDL
142. Phenol 0.08 NA
METALS ’
156. Barium 1.3 0.5
158. Cadmium 0.02 BDL

Design and Operating Parameters

No data were submitted.

*The untreated waste is the thermally dried plate filter cake from plant H
generated from treatment of a mixture of KO51 and K052 at plant E.

#%Value was reported as 0.00.

+Analyses were not performed for all BDAT List organic and metal
constituents.

BDL = Below detection limit; detection limit was not reported.

NA = Not analyzed.



(g) CEMENT, FLY ASH, AND LIME STABILIZATION (Specific Waste

Codes Not

Detected BDAT List Constituents+

VOLATILES
4. Benzene
43. Toluene
215-217. Xylene

SEMIVOLATILES
121. Naphthalene
141, Phenanthrene

METALS
155. Arsenic
166. Barium

Design and Operating Parmeters

No data were submitted.

Reported )

Untreated Waste®
TCLP
mg/L
(ppm)

— N\ —
[o XV V)|

BDL

BDL

Treated Waste
TCLP
mg/L

(ppm)

.01
0.13
0.39

0.00%*
0.01

- O
NN o
n

*The untreated waste is the belt filter cake from plant C generated from
treatment of petroleum refinery wastes (the specific waste codes were not

reported).

*#yalue was reported as 0.00.

+Analyses were not performed for all BDAT List organic and metal constituents.

BDL = Below detection limit; detection limit was not reported.



(h) CEMENT, LIME, AND FLY ASH STABILIZATION (KOS51 and K052)

Untreated Waste® Treated Waste
TCLP TCLP
mg/L mg/L
Detected BDAT List Constituents+ ' (ppm) {ppm)
VOLATILES
U4, Benzene 0.8 0.03
43, Toluene 2.2 0.26
215-217. Xylene (total) 1.4 0.59
SEMIVOLATILES
121. Naphthalene 0.16 0.1
141. Phenanthrene 0.004 0.01
142. Phenols++ 0.16 0.07
METALS
155. Arsenic 0.00%® 0.01
156. Barium 0.57 1.5

Design and Operating Parameters

No data were submitted.

*The untreated waste is the plate filter cake from plant E generated from
treatment of a mixture of K051 and K052.

#*#Value was reported as 0.00.

+Analyses were not performed for all BDAT List organic and metal
constituents.

++The phenol analysis is the sum of phenols, cresols, and 2,4-dimethylphenol.



(i) SODIUM SILICATE/POZZOLANIC STABILIZATION (Specific Waste Codes Not

Reported)
Untreated Waste®* Treated Waste
TCLP TCLP
mg/L mg/L
Detected BDAT List Constituents+ {ppm) (ppm)
VOLATILES
4. Benzene ) <0.05 0.01
226. Ethyl benzene <0.05 NA
43. Toluene <0.05 0.01
215-217. Xylene (total) " <0.05 0.02
SEMIVOLATILES
81. ortho-Cresol 0.89 ————
96. 2,4-Dimethylphenol 0.06 ———
141. Phenanthrene 0.13 BDL
142. Phenol 0.05 BDL
METALS _
155. Arsenic <0.04 0.02
156. Barium 0.57 BDL
158. Cadmium BDL 0.05
159. Chromium (total) 0.04 0.02

Design and Operating Parameters

No data were submitted.

*The untreated waste is the thermally dried (550°F) belt filter cake from
plant H generated from treatment of petroleum refinery wastes (the specific
waste codes were not reported) at plant C.

+Analyses were not performed for all BDAT List organic and metal
constituents.

BDL = Below detection limit; detection limit was not reported.
NA = Not analyzed.

---Data were not available for this constituent.
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(3 SODIUM SILICATE/POZZOLANIC STABILIZATION (K051 and K052)

Untreated Waste® Treated Waste
TCLP TCLP
mg/L mg/L
Detected BDAT List Constituents+ (ppm) (ppm)
VOLATILES
4. Benzene <0.025 0.00%#
43. Toluene 0.03 0.01
215-217. Xylene (total) <0.05 0.02
SEMIVOLATILES
70. Bis(2-ethylhexyl)phthalate 0.012 NA
81. ortho-Cresol 0.02 NA
121. Naphthalene 0.01 BDL
142. Phenol 0.08 A NA
METALS
156. Barium : 1.3 0.5
158. Cadmium 0.02 ' BDL

Design and Operating Parameters

No data were submitted.

*The untreated waste is the thermally dried plate filter cake from plant H
generated from treatment of a mixture of K051 and K052 at plant E.

##Yalue was reported as 0.00.

+Analyses were not performed for all BDAT List organic and metal
constituents.

BDL = Below detection limit; detection limit was not reported.

NA = Not analyzed.



F.6 Treatment Data for Plant K (Specific Waste Codes Not Reported)

SOLVENT EXTRACTION FOLLOWED BY STABILIZATION
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Teple | 30MI0 Data
ynt-egteq vast Tre a
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2. «.32%
37 ~J 028
'3 3. 32¢
. .28
«J.92%
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<Q.323
Einyl Senzene $.7 +J.02%
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F.6 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR KO48-K052 MIXTURE
PLANT K (REPORT 2) - SOLVENT EXTRACTION

Untreated Waste Treated Waste

TCLP Concentration TCLP

Detected BDAT List mg/L mg/L mg/L

Organic Constituents+ (ppm) (ppm) (ppm)
VOLATILES

4, Benzene 16 NA <0.025

51 <0.025

42 <0.025

9.7 <0.025

16 <0.025

20 <0.025

<0.025

<0.025

<0.025

226. Ethyl benzene 5.7 <0.25 <0.025

12 <0.25 <0.025

28 <0.25 <0.02%

7.5 <0.25 <0.025

6.8 <0.25 <0.025

8.5 <0.25 <0.025

<0.25 <0.025

<0.25 <0.025

<0.25 <0.025

43. Toluene 22 NA <0.025

. 33 <0.025

54 <0.025

17 <0.025

24 <0.025

30 <0.025

<0.025

<0.025

<0.025

NA = Not Analyzed.

+Analyses were not performed for all BDAT List organic and metal constituents.
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F.6 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR KO48-K052 MIXTURE
PLANT K (REPORT 2) - SOLVENT EXTRACTION

Untreated Waste Treated Waste
TCLP Concentration TCLP
Detected BDAT List mg/L -g/L mg/L
Organic Constituents+ (ppm) \ppm) (ppm)
215-217. Xylene (total) 16.3 <0.5 <0.05
48 1.9 0.07M
62 1.3 <0.05
21.9 7.2 0.153
30 3 0.089
36 4.1 0.132
2.9 0.161
2.5 0.118
4.2 0.185
4.2 0.185
SEMIVOLATILES
57. Anthracene <0.013 NA <0.01
1.2 <0.01
0.45 <0.01
5.2 <0.01
<0. <0.01
<1.3 <0.01
<0.01
<0.01
<0.01
59. Benzo(a)anthracene 0.014 <0.7 <0.01
0.78 0.7 <0.01
0.36 <0.7 <0.01
4.6 <0.7 <0.01
<0.4 <0.7 <0.01
2.2 <0.7 <0.01
0.7 0.0
0.8 <0.01
<0.7 <0.01

NA = Not Analyzed.

+Analyses were not performed for all BDAT List organic and metal constituents.
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F.6 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR KO48-K052 MIXTURE
PLANT K (REPORT 2) - SOLVENT EXTRACTION

Untreated Waste Treated Waste

) TCLP Concentration TCLP

Detected BDAT List - mg/L mg/L mg/L

Organic Constituents® - (ppm) (ppm) (ppm)
SEMIVOLATILES (Continued)

62. Benzo(a)pyrene ' <0.013 <0.6 <0.01

0.51 <0.6 <0.01

0.21 0.6 <0.01

3.5 <0.6 <0.01

<0.04 <0.6 <0.01

1.5 <0.6 <0.01

<0.6 <0.01

<0.6 <0.01

<0.6 <0.01

<0.6 <0.01

70. Bis(2-ethylhexyl)phthalate <0.013 1.7 <0.01

<0.2 <1.6 <0.01

<0.2 <1.6 <0.01

<3 <1.6 <0.01

<0.04 . <1.6 <0.01

1.3 1.8 0.047

<1.6 <0.01

<1.6 <0.01

<1.6 <0.01

80. Chrysene 0.028 : NA <0.01

1.3 <0.01

0.5 <0.01

6.3 <0.01

1.2 <0.01

3 <0.01

<0.01

<0.01

<0.01

NA = Not Analyzed.

+Analyses were not performed for all BDAT List organic and metal constituents.
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F.6 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR KOU8-K052 MIXTURE
PLANT K (REPORT 2) - SOLVENT EXTRACTION

Untreated Waste Treated Waste
TCLP Concentration TCLP
Detected BDAT List mg/L mg/L mg/L
Organic Constituents+ (ppm) (ppm) (ppm)
SEMIVOLATILES (Continued)

96. 2,4-Dimethylphenol 0.061 NA <0.01
<0.3 <0.01
<0.2 <0.01
<3.0 ) <0.01
<0.4 <0.01
1.3 <0.01

<0.01
<0.01
<0.01
121. Naphthalene 0.47 7.8 0.021
4.2 18 0.084
2.5 6.6 0.023
28 8.5 0.022
3.2 8 0.046
7.3 16 0.1
14 0.1
18 0.058
5.3 0.05
141. Phenanthrene 0.2% NA <0.01
4.7 <0.01
2.5 <0.01
4.6 <0.01
8.9 <0.01
24 <0.01
<0.01
<0.01
<0.01

NA = Not Analyzed.

+Analyses were not performed for all BDAT List organic and metal constituents.
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F.6 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR KO48-K052 MIXTURE
PLANT K (REPORT 2) - SOLVENT EXTRACTION

Untreated Waste Treated Waste
TCLP Concentration TCLP

Detected BDAT List - mg/L mg/L mg/L

Organic Constituents+ (ppm) (ppm) (ppm)

SEMIVOLATILES (Continued)

142. Phenol 0.017 NA <0.01
<0.3 <0.01
<0.2 <0.01
<3.0 <0.01
<0.4 <0.01
<1.3 <0.01

<0.01
<0.01
<0.01

145. Pyrene 0.051 NA <0.01

1.5 <0.01
0.65 <0.01
9.4 <0.01
1.7 <0.01
4.1 <0.01
<0.01

<0.01

<0.01

NA = Not Analyzed.

+Analyses were not performed for all BDAT List organic and metal constituents.
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F.6 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR KO48-K052 MIXTURE
PLANT K (REPORT 2) - SOLVENT EXTRACTION

Untreated Waste Treated Waste
TCLP Concentration TCLP
Detected BDAT List mg/L mg/L mg/L
Organic Constituents+ (ppm) (ppm) {ppm)
METALS
154, Antimony NA 15 NA
22
19
27
22
1"
10
10
18
155. Arsenic <0.03 9.8 0.008
0.01 1" 0.028
<0.03 10 0.022
BDL 13 0.026
<0.8 8.8 0.018
<0.03 12 0.024
12 0.024
10 <0.056
14 <0.006
156. Barium 1.4 810 : <1
1.8 800 <1
1.4 990 <1
5.3 1,300 <1
2.3 940 1
3.4 880 <1
800 <1
760 <1
3,200 <1

NA = Not Analyzed
+Analyses were not performed for all BDAT List organic and metal constituents.

BDL = Below detection limit; detection limit was not reported.
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F.6 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR KO48-K052 MIXTURE
PLANT K (REPORT 2) - SOLVENT EXTRACTION

Untreated Waste Treated Waste
_ TCLP Concentration TCLP
Detected BDAT List mg/L mg/L mg/L
Organic Constituentss+ (ppm) (ppm) (ppm)
METALS (Continued)
157. Beryllium NA 0.2 NA
0.4
0.3
0.3
0.4
0.3
0.3
0.3
0.3
158. Cadmium NA 1.3 NA
1.4
<0.8
1.0
1.6
1.1
1.9
1.2
1.9
159. Chromium 0.12 590 <0.05
' 2.4 610 . <0.05
1.7 650 <0.05
14 820 <0.05
5.9 620 <0.05
10 650 <0.05
570 <0.05
550 0.1
820 <0.05

NA = Not Analyzed

+Analyses were not performed for all BDAT List organic and metal constituents.
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F.6 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR KO48-K052 MIXTURE
PLANT K (REPORT 2) - SOLVENT EXTRACTION

Untreated Waste Treated Waste
TCLP Concentration TCLP
Detected BDAT List mg/L mg/L mg/L
Organic Constituents+ (ppm) {ppm) (ppm)
METALS (Continued)
161. Lead NA N NA
42
27
36
27
37
28
39
162. Mercury Na 1.5 NA
2.2
1.8
2.1
2.0
2.5
2.1
1.0
2.0
163. Nickel <0.08 58 0.8
0.16 51 <0.2
0.12 41 <0.2
0.27 us <0.2
0.13 56 0.2
<0.13 50 <0.2
43 <0.2
42 0.7
53 0.6

NA = Not Analyzed

+Analyses were not performed for all BDAT List organic and metal constituents.
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F.6 (Continued)

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR KOU48-K052 MIXTURE
PLANT K (REPORT 2) - SOLVENT EXTRACTION

Untreated Waste Treated Waste
TCLP Concentration TCLP
Detected BDAT List mg/L mg/L mg/L
Organic Constituents+ {(ppm) (ppm) {ppm)

METALS (Continued)

164. Selenium NA <0.
<0.
<0.
<0.

NA

W A EEEEE

~
NDWMNOo

167. Vanadium NA 30 NA

_Design and rating Parameters

No Data were submitted.

NA = Not Analyzed

+Analyses were not performed for all BDAT List organic and metal constituents.
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F.7 Treatment Data for Plant L (K051)

SOLVENT EXTRACTION

Detected BDAT List
Organic Constituents

VOLATILES
4. Benzene
226. Ethylbenzene
43, Toluene
215- Xylene (total)
217.
SEMIVOLATILES

57. Anthracene

59. Benz(a)anthracene
62. Benzo(a)pyrene

63. Benzo(b)fluoranthene
80. Chrysene

81. o-Cresol

82. p-Cresol

98. Di-n-butyl phthalate
109. Fluorene

121. Naphthalene

141. Phenanthrene

142. Phenol

145, Pyrene

Detected BDAT List Metal
and Inorganic Constituents

Untreated Waste

Treated Waste

METALS

155. Arsenic

159. Chromium (total)
163. Nickel

164. Selenium

168. Zine

INORGANICS

169. Cyanide
171. Sulfide

---Data were not available for this constituent.

K0S1 Concentration _

mg/kg (ppm)

<25

56
170
390

<10
<10
<10
<10
14
<10
<10
<10
1
97
70
<10
24

<0.

<0.

120

F-37

Solids Concentration

mg/kg (ppm)

[N eNoNo

<6.60
13.0
12.0
9.3
34.0
<6.60
<6.60
<6.60
<6.60
4.0
8.3
<6.60
16.0

TCLP
mg/L (ppm)

<0.03
0.21
2.0
<0.04
65



F.8 Treatment Data for Plant N

PYROLYSIS

Detected BDAT List Constituents+

VOLATILES
4. Benzene
226. Ethylbenzene
43. Toluene
215.- Xylene (total)
217.

SEMIVOLATILES
§7. Anthracene
80. Chrysene
81. o-Cresol
96. 2,4-Dimethylphenol
108. Fluoranthene
121. Naphthalene
141. Phenanthrene
142. Phenol
145. Pyrene

METALS

154. Antimony
155. Arsenic
156. Barium
157. Beryllium
158. Cadmium
159. Chromium
161. Lead
163. Nickel
164. Selenium
165. Silver
167. Vanadium

NA Not applicable.

--- Data were not available for this constituent.
+ Analyses were not performed for all BDAT List organic and metal

constituents.

Treated Waste

Untreated Total
Waste Concentration TCLP
mg/kg mg/kg mg/L
(ppm) (ppm) (ppm)
180 <0.002 Na
390 <0.003 NA
1,300 0.01 NA
1,890 <0.003 NA
7.6 2 NA
15 <80 NA
15.6 0.2 NA
2.3 ND NA
ND 0.02 NA
360 <8 NA
70 'L NA
7.7 ND NA
12 ND NA
.- NA <0.1
6.8 NA <0.1
sS4 NA <0.6
——— NA <0.002
1 NA <0.01
420 NA 1.3
39 NA <0.04
. NA 0.08
<0.8 NA <0.6
——— NA <0.006
——— NA 0.006

ND Not detected; a detection limit was not given for this constituent.

* The untreated waste is a mixture of KO48, KO49, and KOS51.
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F.9 Treatment Data for Plant O (KO49 and KO51)

SOLVENT EXTRACTION

(These data were submitted too late for consideration and are included nere as
submitted to the Agency.)
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ACZ INC. (ABGRATORY CIVISICN

Client: (.F. Systems . Date: G7./1%,22
46 Acorn Park
Cambridge, Maryland 02140
Atzn: Ms. Karen Shaw
SAMPLE RESULTS SUMMARY )
(A1l results reported in mg/kg as received)
Ditch Skim Slop 0i1 AP!
Feed Slurry Feed Slurry Feed Slurry
Volatiles 0962 0963 0966 0965 0967 0968
Benzene .- .- 5.6 0.29 133.7 0.09
Toluene .- - 8.9 1.46 59.4 0.04
Xylenes (Total) .- -- 35.2 3.36 1066. 0.3
Extractables
Acenaphthene ND ND ND ND - ND ND
Anthracene ND NO ND ND ND ND
Benzo(a) pyrene ND ND ND ND ND ND
8{s(2-ethylhexyl)phthalate ND NO ND 0.25 17.8 1.12
Chrysene ND ND NO ND 17.7 0.28
ortho=Cresol ND ND - ND NO NOD ND
para=Cresol ND ND ND ND NO ND
Oi-n=butylphthalate NO ND ND 0.2% ND ND
2,4-D{methylphenol ND ND ND ND ND NO
Flyorene 9.3 ND ND ND 133.0 ND
Nsphthalene 16.5 ND 15.8 0.2% 431.0 ND
Phenanthrene 18.6 ND 9.8 0.38 205.0 0.26
Phenol ND ND ND ND ND NO
Pyrene $.9 ND LI% 0.33 30.4 0.19

ND = Not Qetected

N -

orley

2
Qennis/A. Edg
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Az INC. " LABORATORY DIuU
ORGANICS ANALYSIS

Client: CF SYSTEMS
Sample [.0.: #1 FEED OITCH SKIMMER
Semple Date: 07,08-88

Method 3270 Bo/MS Extractables

Datafile: 587102 713,88 20:19

_Detection Limit: 8.2

/N ral
Rcenaphthene
Anthracene
Benzo(a)pyrene
Bis(2-ethylhexyllphthalate
Chrysene
Di-n-butylphthalate
. Fluarene
Naphthalene
Phenanthrene
10. Pyrene )

11. 2,4-Dimethylphencl
12. 2-Methylphenal (HSL)
13. 4-Methylphenal (HSL)
14. Phenol

NVDONNOTEA WD -

el

—Pennis A. {d@ley F-41

mg/kg

amoynt mg-

HO
NO
X]»]
NO
ND
ND
9.3
16.5
19.6
5.9
NO
NO
ND
ND

IS I 1D

Lab No. =
Date Rece ued: 07~
Oate Repgrtec: (07 .

(TRETCF
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ACZ INC. LaBoORA
ORSANICS

Client: CF SYSTEMS

Sample [.0.: %2 RAFFINATE OITCH SKIMMER

Sample Date: 07,0888

Method 3270 GC M9

TORY

DIU
ANSLYSIS

Sxtractaples

Datafile: >82103
Detection Limit:

Eg;giNegtrg];

Acenaphthene
Anthracene
Benzo(alpyrene
Bis(2-ethylhexyl)pht
Chrysene
Di-n-butylphthalate
Fluorene

Naphthalene
Phenanthrene

10. Pyrene

11. 2,4-Dimethylphenol
12. 2-Methylphenal (HSL)
13. 4-Methylphenol (HSL)
14. Phemol

K I IRV RN | B O VIR N B )

NLM«/ . F-62

(__Benn1s A. Eddg}ley(:s

7713,88 21:22
7.3 mg-skg

IS IOMN

Lab No. SiZ-
Cate Receiued: 117
Date Reported: 07~

ARmoynt mg- kg

halate

ND
NO
NO

" ND

ND
NO
ND
NO
ND
NO
ND
NO
NO
NO

{TRPTCF



~ACZ

INC . " LABORATORY DIUISION

ORGCANICS ANALYSIS

Client: CF SYSTEMS
Sample [.D.: SLURRY -
Sample Date: ---

Method

SLCP QIL TORONTQ

Lab No. S0-s0%=z
Date Received: Q0-7-.2~
Date Reported: (07/.<-

3240 Pyrge and Trapg GC/M3

Dataf

1le: >87023 7713,88

Detection Limit: 0.02

Furgeables
1. Benzene

2. Toluene
3. Total Xylenes (HSL)

P O S APPSR IS,

L/alennxs A. Eer-yé

F-43

3:37
mg/kg

Gmgunt mg- kg
0.29
1.46
3.36

{TRPTUX 4.
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CACZ INC. - LABORATORY DIUISION
ORGANICS ANSELY SIS
Client: CF SYSTEMS Lab Na. ST/5%=7
Sample [.D.: SLURRY - 3SLOP QIL TORONTO Qdate Received: J7-.2.:132
Sample Date: --- . Oate FReported: 07712032
Method 827 _R0/MS Extractables
Datafile: >87110 714,88 ¢©S:01
Detection Limit: 0.20 m3/kg
#N r Amoynt mg-kg
1. Rcenaphthene ND
2. Anthracene NO
3. Senzo(alpyrene ND
4. Bis(2-ethylhexyl)phthalate 0.25
5. Chrysene ND
6. Oi-n-butylphthalate 0.25
7. Fluorene NO
8. Naphthalene 0.2%
9. Phenanthrene 0.38
10. Pyrene : .33
11. 2,4-Dimethylphenol ND
.12, 2-Methylphenol (HSL) ND
13. 4-Methylphenol (HSL) ND
14. Phenal ND

F-44

éc-—}*i AT

=
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NSRS S —

ACZ=2 INC. /LQBDRQTDQY DIUI

QORGANI HNHLYSI’
Client: CF SYSTEMS Lab No.
Sample [.0.: FEZD-SLOP QOIL 7TCRONTO

Sample Date: ----

Method 8240 Pyrge and Trap SrC.o009
Catafile: >8-7013 7712788 11:30
Detection Limit: 2.5

Oare Received:
Oate Reportec:

I O

SN

N\
rs +* O

[ S S I )

o <
NI K

mg/kg
Purqeables Amount mg-kg
1. Benzene= 5.6
2. Toluene 28.9
3. Total Xylenes (HSL) 55.2

&J 5ot ©
nA1s A, Edget)ey
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N
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ACZ

INC . A ULABORATORY
ORGANICS AaNAaL

Client: CF SYSTEMS

Sample [.0.:
Sample Date:

o
Nr-O VOO NN WN -

13.

H
1)

FEED-SLOP QIL TORONTO

Me th 70 /MS Extracta
Datafile: >87105 7713/38
Detection Limit: 5.4

~ /N tra
Acenaphthene
Anthracene
Benzo(a)pyrene
Bis(2-ethylhexyl)phthalate
Chrysene
Di-n-butylphthalate
Fluorens
Naphthalene
Phenanthrene
Pyrene
2,¢é-Oimethylphenol
2-Methyliphenol (HSL)
4-Methylphenal (HSL)
Phenol

ennls -,

Edgélyny

oIy
rY¥sis

Lab

Cate Rece,vec: (07~

ISI1IOMN

Na. ZiC.~

Date Reported: 07~

|es
23:23
mg/kg

amount mg/kg
NO
ND
ND
ND
NO
NOD
NO
15.8
9.8
4.5
NO
ND
ND
ND
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ACZ2 INC. ~LLABORATORY DIUVISION
ORGANICS ANARLYSIS

Client: CF SYSTEMS

Sample [.0.: FEED - APl MONTREAL
Sample Date: ---- '

Lab No. SC/
Date Recsiveaq: 17.-
Date Reporteg: 07

Method 8240 Pyrge and Trap GC-M3
Datafile: >»870172 7712788 16:28

Detection Limit: 4.9 mg/kg
Pyrgeables Amount mg/kg
1 B8enzene 133.7
2. Toluene 59.4
3 Total Xylenes (H3L) 1066.

mm .4

\\_DeAnxs ", Edg&)ley () [TRPTULY

-



AaC=2 INC. " LLaBODRATORY .DIVISION
ORGANICS ANALYS IS
Client: CF SYSTEMS Lab No. =0-/C2==7
Sample 1.D.: FEED - APl MONTREAL Date Received: Q0-/.2-::%
Sample Date: ---- Date Reported: 07/.~-. =2
Meth 27 /MS Extracet
Datafile: >87106 7714,88 0:24
Detection Limit: 8.2 mg/kg
/N r Aamgynt mg/kg
1. Acenaphthene NO
2. Anthracene NO
J. Benzo(a)pyrene " NOD
4. Bis(2-ethylhexyl)phthalazte 17.8
S. Chrysene 12.72
8. Oi-n-butylphthalate NOD
7. Fluarene 133.0
8. Naphthalene 431.0
9. Phenanthrene 205.0
10. Pyrene ‘ 30.4
11. 2,4-Dimethylphenol ND
12. 2-Methylphenal (HSL) ND
13. 4-Methylphenal (HSL) NO
l14. Phenal ND

F-48
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acz INC. ~ LaBO0ORATAORY, DIUISION
ORGANICS ANAaLYSIS
Client: CF SYSTEMS Lab No. €3-09=2
Sample [.0.: SLURRY-AP[ MCONTREAL Date Received: 17/12.:32
Sample Date: -=-- ‘Date Reported: (07,1423
Method 8240 Purge and Trag 3SC.7M3
Datafi1le: >87022 7712-88 19:12
Oetection Limit: 0.02 mg/kg
PQ rgeables Amgynt mg-kg
1. Benzene g.09%
2. Toluene 0.04
3. Total Xylenes (HSL) 0.34
MM/ F-49
{TRPTUX
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ACZ INC. - LABORATORY OI ISION

U
ORGCANICS ANALYSIS

.

Client: CF SYSTEMS Lab No. 3SC-:I3:1
Sample [.0.: SLURRY-API MONTREAL Date Received: J0-7-.2 12
Sample Date: ---- fate Regorctec: 17/ .« 332

Methgd 8270 GC-MS Extractables
Oatafile: >87112 771a4rs38 9:05

Detection Limit: 0.28 mg/kg
Base - Neyutrals emount mg/kg

1. Acenaphthene NO

2. Anthracene NO

3. Benzo(alpyrene ND

4. Bis(2-ethylhexyllphthalate 1.12

S. Chrysene 0.28 ’ !
é. Di-n-butylphthalate NO

7. Fluorene ND

8. Naphthalene ~ ND

9. Phenanthrene 0.26
10. Pyrene ' 0.19

11. 2,4-Dimethylphencl ND

12. 2-Methylphenol (HSL) ND

13. 4-Methylphenol (HSL) NO

14. Phenol ND

P S AN

~—Tennis A. Edge ley<5‘
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A CTwes i vgrze
T LTI It T m e ToomT * !
||AEE fe, Lameratary Dvinien »89e17
GIZ/MS SERTIRMANICE STanNCARD
Bromofluorobenzen=s (2F3)
N Pelative Abundance
lan Abundance Base fppropriate
m/z Criteria Feak Peal Stz
S0 15-4N% of mass $% 22.32 22.7 [t
7% 30-20% of mass 965 47 .%% 47.5% C.
9s Base peak, 100% relative apbundance i00.10 170.00 i
85 5-9% of mass 95 8.21 8.71 Cx
173 Less than 2% of mass 174 0.10 N.0Y Tk
174 Greater than S0N of massz $5 6%9.15 69.16 Cx
175 5-9% of mass 174 4.%90 .09 Ck
176 95-101% of mass 174 67 .88 %9e.14 Qu
177 5-?% of mass 17§ 4.30 ;.22 Ok
[njection Date: 071288

[njection Time: 08:15
Data File: >87083
Scan: 115

——— —
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Sromofluorcbenzene (8FZ2)

% Relartive Abundance
lon Abundance Base fpprnoriacte
m/z Criteria . Peak FPaak Ttztls
S0 15-40% of masas 9% - 21.74 21.3%43 T
7% 30-60% of mass %S 48 .26 <3 . 2% C:.
35 Base peak, 100% relative abundance L3n.04q Ldd.03) Ck
e ) S-%% of mass 95 6.%96 5.%0 Cx
173 Less than 2% of mass 174 0.00 .99 O
174 Greater than S0% of mass %5 73.40 77,43 o
175 S-9% of mass 174 S.79% ;.87 Sk
176 $95-101% of mass 174 72,632 33.9% Ok
177 5-%% of mass 176 S.40 A Dk
Injection Date: 07/12/8%
Injection Time: 23:58
Data File: >8708x
Scanm: 118
[File 787084 94.7-9%.7 &nu.ﬁg?;‘s 1 T ul 3708ce=Us OTRECT
-
120 -
50
80
<+Q
0 20
‘rv“'lf"l'T' A 'f l' L] !ff'fiﬁu‘-q
' 3 qn ! Tc'—r ' ‘ ‘ - . 7 -
File >87084 SO ng 6FB € ul $7062+-03 OIRECT INJECT 3can 116
Bpk Rb 19TS 6.30 min.
995
1eQ /7 109
74 25
12".‘ 7 (-2
- II . 1V
Is H :-.4
89¢ / =
] =0 | | kac |
40 o 0% - r.‘
ﬁ} A\ || 37 o2 AT 137 1a” H r=¢ |
adli 1 R TR 1 ey ) : A S
far ' By 30 SC-JUNS Y- H € 1O tia
F-52



calibration Report

Title: CALIBR.®871° FTR VGA ANALYSIS (07-11-38)
- Calibrated: 860711 09:08

Files: 137002

Campound

»87001 »87003 >87004 »87035
F RF RF RF RF
20.00 50.00 80.00 120.00 160.00

Chloromethane
Bromomethane

Vinyl chloride
Chioraethane

Nethylene chioride
Acetone (HSL)

Carbon disulfide (HSL)
1,1-Oichloroethene
1,1-01chloraethane
trans-1,2-Oichlarcethene
Chlorofors
1,2-Dichloroethane-dd
1,2-01chloroethane
2-Butanone (HSL)
1,1,1-Trichlorosthane
Carbon tetrachloride
Vinyl acetate (HSL)
Bromodichloromsthans
1,2-Oichloropropane
trans-1,3-Oichlioropropens
Trichlorcethens
Dibrosachliorosethans
1,1,2-Trichloroethans
Benzene
cis-1,3-Dichloropropene
2-Chloroethylvinylether
8romofors

2-Hexanons (MSL)
4-fethyl-2-pentanone (HSL)
Tetrachloroethens
1,1,2,2-Tetrachloroethane
Toluens

Toluens d-8 (SS)
Chlarobenzens
Ethylbenzene
Styrene (HSL)

Total Xylenes (HSL)
8romaflyorobenzens (SS)

96742 1.14247 1.09408 1.10275 1.12179
35894 23309 .28345 .27%99 26505
2.74096 3.10170 3.01249 2.92456 2.77233
.94834 1.06538 1.07393 1.08224 1.06749
2.52011 2.77516 2.87867 2.8216% 2.78899
1.04217 1.25109 1.22397 1.24939 1.18928
2.39834 2.62591 2.72027 2.70310 2.70481
- - 07239 07540 .07%39
1.54366 1.70039 1.71787 1.74572 1.74515
09534 .07701 .08160 .08836 .08805
1.57447 1.80242 1.80954 1.81565 1.81663
1.38315 1.61950 1.61779 1.61832 1.60553
- 13603 .1288% .12981 .13116
2.39848 2.59629 2.7590% 2.77269 2.77991
45324 43696 40186 35147 30554
37120 31453 30109 26969 23015
3494 32956 .28775 .25473 22364
36942 (36637 32421 .29188 .26137
.29858 .27332 .24107 .21606 .18802
80861 78266 .70156 .61005 .53265
58013 .S7115 .50894 .448{8 39581
25174 21009 18160 .16200 14083
30457 .29931 .257%2 .23822 .21160
03144 03284 .03279 .03485 .03459
01437 (01794 .01783 .01944 .0194)
5187 4337 L2486 41626 42362
66407 69609 .69442 .71284 70581
59024 20039 7197 70493 (78448
90762 1.07228 1.13514 1.09895 1.05236
78839 (93274 94525 .92846 97840
JJ4583 42213 42528 .42056 .42677
J7483 92105 .93690 .92187 93400
44133 5258y .5298% .51777 52294
71915 85531 .90157 87804

84667

.609 1.28570
2290
1,802 2.910641
961 1.06748
1.107 2.75692
1.206 1.19118
1.263 2.62249
1.355 07439
1.357 1.69056
1.366 .08607
1.503 1.76374
1.547 1.56886
1.597 13146
1.612 2.46129
.844 38982
936 29933
.896 28532
922 32265
931 24341
927 68710
.860 50244
999 18925
1.073 26224
.906 03330
97 01815
997 .76
984 69464
1.056 68414
1.047 1.05327
1.107 .90669
1.192 .40811
1.339 .89773
1.386 .50715
1.265 .84015

Resoonse Factor (Subscript 1s amount in NB)

(RT Std/RT [std)

RF -

RT - Average Relative Retention Time
RFo- Average Response Facter

RSO -

Page

Rl N

Percent Relative Standard Oeviation

F-53

lof 1

......

(Conc=50.0,125.0,299.3,722. .

(Conc=50.0,125.0,200.0,302.:.

(Conc=50.0,125.0,200.0,363.:

(Concs15.2,38.0,60.3,51.2,:0:

(Conc+27.2,68.0,108.8,163.2,2

(Conce50.8,125.0,200.0,7G2. %, -
(Cone=50.0,125.0,200.0,333.3, -

(Cone50.0,125.0,200.0,32C. 2.



=alibraticn Check Resert

Title: CALIBR.“371" FIR WCA ANALYSIS (07-11-33)

Calibrateq:

Theck Standard Data File:
[njecticn Time:

830711 09:08

187912
880712 38:38

(Conc=125.00)
{Conce125.00)

(Conc=125.00)

(Conc=125.00)

{Conc=18.00)

{Conce48.00)

(Cane=125.08)
(Canc=125.00)

{Canc+125.00)
(Conc+125.40)

Camgound RF RF %0iff Calib Meth
Chigramethane - - - fuerage
8romome thane - - - fAverage
Vinyl chioride - - - Average
Chloroethane - - - Average
Methylene chloride 1.08570 1.10505  1.78 Average
Acetone (KSL) 27930 22578 19.16 Average
Carbon disulfide (HSL) 2.91041 2.56392  11.91 Average
1,1-0ichloroethens 1.04748 1.05818  1.02 Average
1,1-Dichioroethane 2.75692 2.57642  4.95 fverage
trans-1,2-Oichloroethens 1.19118 1.22086  2.49 Average
Chioroforn 2.62249 2.61942 .12 Average
1,2-0ichlorcethane-d4 .07439 .06400 13.97 Average
1,2-Dichioroethane 1.69096 1.54825  2.50 Average
2-Butanons (HSL) .08607 .06822 20.74 Averags
1,1,1-Trichlioroethane 1.76374 1.84630  4.48 Average
Carton tetrachloride 1.56886 1.73209 10.40 Average
Vinyl acstate (HSL) 13146 (11991 8.79 Average
8rosadichloronethane 2.66129 2.71565  2.04 Average
1,2-Dichloroprapane 38982 .42390  B8.74 Awverage
trans-1,3-Oichleropropene 29933 .35016  16.98 Average
Teichioroethene 28532 35604 24.78 Average
Oibromochlorosethane 32265 .40569 25.74 Average
1,1,2-Trichloroethane 26341 27803 14.22 Average
Benzene 68710 .785%6  14.39 Average
cis-1,3-0ichloraprapene 50244 57396 14.23 Average
2-Chlorcethylvinylether J18925  .19841 4,84 Average
Bromofors 26224 33151 26.41 Average
2-Hexanone (HSL) L03330 .03419  2.48 Average
4-Methyl-2-pentanone (HSL) 01815 .0190%  4.92 Average
Tetrachloroethene 40796 .50126 22.87 Average
1,1,2,2-Tetrachloroethane 69464 66474 4.3 Average
Toluene 48414 75579  10.41 Average
Toluens d<8 (SS) 1.05327 1.13678  7.92 Awerage
Chiorobenzens 90669 1.03904  14.40 Average
Ethylbenzene 40811 .45926 12.57 Average
Styrene (HSL) .89773 1.00487 [1.93 Average
Total Xylenes (HSL) 50715 .57385 13.15 Awerage
Bromaf luorobenzene (SS) 34015 .93377  11.14 Average
RF - Response Factor from daily standard file at  50.00 NG
RF - Average Response Factor from [nitial Calibration

XDiff - % Difference from original average or curve

Page 1 of 1

F-54



Calitration Check Report

Title: CALIER."371® FOR UCA ANALYSIS (87-11-88)
Calibrated: 680711 09:08

Check Standard Qata File:

’87021

'njection Tipe: 880713 01:22

Cenoound RF RF X0iff Calib Meth
Chloromethane - - - Average
8romomethane - - - fAverage
Vinyl chloride - - - fverage
Chloroethane - - fvérage
Hethylene chloride 1.08570 1.22869 13 17 Average
Acetone (HSL) 27930 .25246  9.61 Average
Carbon disulfide (HSL) 2.91041 2.60869 10.37 Average
1,1-Dichloroethene 1.04748 1.15268  10.04 Average
1,1-O1chlioroethane 2.75692 2.21790  1.42 Average
trans-1,2-Oichloroethene 1.19118 1.35961 14.14 Average
Chioroforn 2.62249 2.94036 12.12 Average
1,2-Oichloroethane-dé 07439 .07064  5.04 Average
1,2-Dichioroethane 1.69056 1.80386  6.70 Average
2-Butanane (HSL) 08407 .09244  7.39 Average
1,1,1-Trichloroethane 1.76374 2.09796 18.95 Aversge
Carbon tetrachloride 1.56886 1.95561 24.65 Average
Vinyl scetate (HSL) 13146 (12392 5.74 Average
Bromadichloromathane 2.66129 3.06191  19.05 Average
1,2-0ichloraprapans .J8982 .46384 18.99 Average
trans-1,3-Oichloropropens 29933 39589  J2.26 Aversge
Teichloroethene 28532 44458 55.82 Average
Oibromoch ioromethane 32265 .510%4 58.23 Average
1,1,2-Trichloroethane 24341 33530 37.7% Average
Benzene 68710 89302  29.97 Average
¢1s-1,3-01chlorapropene 50244 65123  29.61 Average
2-Chloroethylvinylether 18928 10796 42.95 Average
Bromofora (26224 .42202  60.93 Average
2-Hexanone (HSL) L03330 03765 13.0% Average
4-flethyl-2-pentanone (HSL) 01815 .02071 14.06 Average
Tetrachloroethene 40796 .60423 44.11 Average
1,1,2,2-Tetrachloroethane 49464 75198  8.25 Average
Toluene 68414 84673 23.77 Average
Taluene d-8 (SS) 1.09327 1.14123  8.35 Average
Chiorobenzene - .90669 1.19554 31.86 Average
Ethylbenzene 40811 .53140  30.21 Awveraqe
Styrens (HSL) 89773 1.14587  27.44 Anverage
Total Xylenes (HSL) 50718 650897 28.36 Average

84015 .96455 14.81 Average

Bromaf luorobenzene (SS)

(Canc=125.00)
(Conce125.00)

(Conce125.00)

(Conc=125.00)

(Conc=38.100)

(Conce48.00)

(Cone=125.00)
(Conc=125.00)

(Conc=125.00)
{Conc=125.100)

RF - Response Factor fros daily standard file at  50.08 NG
Foo- Average Response Factor from [nitial Calibration
X01ff - X% Oifference from original average or curve

Page 1 of 1 F-55



CCLAMT <ZEgeT

Qoerator [0: B58 Quant Rew: 4
Qutput File: ~87020::QT7
Data File: >87020::03

Name: ELANK REAGENT WATER
Misc: 5mls wr/ 10ul [3-/31JRR =HQT ~7-17-8S

[0 File: [QU37L1::PS
Title: [DFILE "871" FOR UdA ANALYSIS (07-11-33)
Last Calxbratipn: 8S0711 09:13

Compound R.T. Scang

1) *Ercmochloromethane £.28 21
6) HMethylene chloride 5.00 i2¢
15) 2-Butanone (HSL) 11.28 2¢e
20) *l-Chlorn-2-bromapropane 17.<0 s
30) #1,4-Dichlornbutane 21.39 Su?
34) Toluene d-3 (39) 22.40 57%
41) Bramofluarobenzenms (S3) 27.47 7Gé

* Compound is [STD

F-56

duant
lnjected atr:
O:lutimsn Factore:

101441
81830
s87132

872

Tl.’.«e .

)}

(SRR = B = W VI ol o)

o N\

......

.........



ACT ML SInTz2zz: CF-Systems
Case llc.: S&S YVe.: 532G Nc
cw/med)

i | Si | S2 | jCTEZIR TCT

PSAMPIE NC. | (TQL) 21 (372 = | |CTT

]==========|====é=!======f======§======l===]
Sl _ga-su/n9ss | 101% F113% ! I :
C2! 88-S0U/0966 | 104% I 112% | i !
¢3: 88-50/0967 | 109% i 119% i | {
c+: _88-50/0968 | TI0% | _1I6% | { [
cs3! ! [ [ | | [
Cs(_Blank (110% | _120% | l i l
07| [ | ! | [ {
o8| [ { [ } | |
09| | | | | | [
10] ! { | | { |
11} ! | f | | |
12} | { ! ! | !
13 | | | ! | |
14} | | | I | |
15| | | I | | |
161 i ! ! | ! !
17} | ! | I | |
18] I | | | | f
1¢! ! ! | ! ' !
20] | ! | ! ||
21] | | | | | l
22 I [ | I | |
23] | [ [ l l [
24| | [ | [ ! [
25| [ l [ | | |
26| { ! | | | [ -
27| | | | | i !
23| | | ! | ! |
291 | | ! ! | |
3§°| | | | ! | |
S1 (TOL) = Toluene-43
S2 (3F3) = 3romecil.nrccencans
3 Qolumn To fe used 2 Ilza2g Jecsvery values wizth an
* ‘Jalues cutsife ¢ czntracst reguirzd QC limicss

F-57
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- -- opm T - . on - e spmm sugn .o - e e = - -
SCIZ VOLATIZZ MATEZN SPIFZ/VRTEIN S3IXZ IZUFLIZCATT zzooz=e

s Neze a7 Tae ' snerzzz: CF Systems

1Tix Szike - Sarzle No.: _ _0e4R Level: (lew/med)

AKX & -ar
S-S wiaid f e

sy
Sowsmed o mm) 1 (us/kg) | (us/k9) REC ¢

Benzene

M & P-Xylene

! |
I I
[ [
! !
[ I
| {
' ! f
Toluene I 250 | 30
[ !
| |
| |
{ [
! |
| |

e A . — — — —— — —— —

CIUICCY0
=ooeeaarTrEmaersyerTr o

Banzene

Toluene

M % P-Xylene

<z 3g rscosvery ‘and FFQ valliss with an zszt=aris
z_2gs guTsiliz o QT l°mits
cet ¢ cuzside linmits=
L2 mezcsver cezT c2 cuzsiZes limizs
ZUTs: F-58




=Tik Scize = . &

Case Nc.: S~S

ample No.: 09D

SFINZ/URT

-

1
- e e we emen ™ o L [ Ve

CantTrzcz: (CF Systems

- gy
Sue wC .8

Level:(lcw/zed)

TEY Cmeesm meimoe @, Par T m -

S2HF0CN0

8enzene

8508

CONC. Ist Inj.

SEESESSSSESSna | aeSsEssmmETRess l

lcone. 2nd Inj.

(uc.-'/k.cs)
8751

|

Tolyene

0333

M & P-Xylenes

13878

F-59



: TUNER , =OF TFE

Decafluorotriphenylphospine (DFTPP)

N Felative Sbundance

[on Abundance Ease Appropriate .
m-z Criteri1a ) Peak Feak Tean
51 30-60% of mass 199 58.74 53.74 D
43 Less than 2% of mass &9 0.00 0.00 Tk
69 (reference only) 57.38 57.98 Dk
20 Less thanm 2% of mass &9 .24 .35 C.
127 40-61)% of mass 193 44.51 44,51 K
192 Less than 1% of mass 178 0.00 0.00 Ck
198 Base peak, 100% relative abundance 130.090 130.00 Ok
199 - 6-9% of mass 198 é6.a61 é6.461 Q..
275 10-30% of mass 198 15.47 15.62 Dk
365 Greater than 1% of mass 198 1.24 1.24 C:
441 ' 0-100X of mass 443 6.32 72.32 Cl.
442  Greater than 40% of mass 198 48.80 43.80 K
443 17-27% of mass 442 9.43 19.32 Ck

[Injection Date: 07/13,88
[njection Time: 17:52
Data File: >827107
Scan: 331

[File >37103 50 ng OFTPP 1 ul s70409-02 OIRECT [NJECT Scan 331
Spk Ab 10%208 A00 11.98 min.
110
11090 196
- 100
100092
a9
900
au
8000 69
4 ¢ b
4 -\
7900 . E
/ F-:-J \
6200 as e
127 0
LLI N\

k3
o

adaZahhalddalihal

s
)

v
(&)

s0e0c X
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i
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: TUNER , =OF TPF

Less

¢ NEU

BC/11S FERFIRMANT

Decaflucrotriphenylphospine

[on Abundance
Criteri1a

than 2% of mass 69

(reference only)

Less than 2% of mass 47

40-60N of mass 178

Less than 1% of mass 193

Base peak,

5-9% of mass 198

10-30% of mass 178
" Greater than 1% of mass 193
0-100% of mass 443
Greater than 40X of mass 192
17-23% of mass 442

100%

30-80X of mass 178

relative abundance

Injection Date:
Injection Time:
Data File:

Scan:

[File >8710¢ OFTPP CRITERIA CHK

Bok Rb 6897¢¢

900001

8000

7000
6@00%
z]
1

190

1L ul STO @ STO409-Q0L O[RECT

I
.

fooe
[ -
|
]
1
()
|
’

YTl
S
I.. 5711 >
YO~
Z 3TAHDARD b 8.7( 0y
s
(OF TPP) >l
X Relative Abundance
Ease Apprapriate
Feak Peak Srates
4T .72 43.72 iJw
0.00 0.00 Cx«
S4.22 $4.27 Ck
.2n .34 Ok
4N .32 40.32 Tk
0.00 g.00 Ok
105.39 133.100 i3k
6.82 6.32 G
23.47 23.4% Ok
2.52 2.52 Ck
13.54 72.74 Ok
97.42 .42 Ok
13.65 1%9.14 Ok
07714/88
07:31
>87104
331
Scan 331
11.98 min.
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Zal:bration Report

Title: Base/Neutral/Acid Extractables

(Prigrity Pallytants)

Calibrated: 680202 14:44

Files:

b81108 81109 81110 281111 181112 181113 »8ill4
RF RF RF RF RF RF &F

Page

1of 2

Compound 20.00  50.00 80.00 120.00 160.08 240.00 320.00  FRT F $ RS0 ITRF
2-Fluarophenal 1.12159 1.19401 1.22937 1.21271 1.23062 1.25197 1.26443 .49 1.21496 3,334 .3333:]
Phenol-d9 1.80200 1.78797 1.79632 1.74157 1.71336 1.48862 1.63237  .955 1.73746  J.4%6 .535%1.
Phenol 1.67039 1.86914 1.63363 1.59189 1.57112 1.53431 1.48435  .958 1.59355 4.37% 335433
b1s(-2-Chlarcethyi)Ether 1.60909 1.59452 1.57357 1.52102 1.47079 1.42999 1.39730  .95% 1.51377 S.502 .35%<a07
2-Chlorophenal 1.30174 1.28846 1.24460 1.22158 1.18298 1.18033 1.13220  .941 1.22164 5.329 .339443
1,3-Oichlorobenzene 1.34232 1.36689 1.29513 1.29138 1.29266 1.26734 1.26387  .989 1.30280 2.929 .359933
1,4-0ichlorobenzene 1.43307 1.41500 1.38404 1.35387 1.34290 1.31226 1.29933  1.004 1.36292 3.489 .33387¢
Benzyl Alcohol - - - - - - - - - - -
1,2-0ichlorabenzene 1.39393 1.37232 1.34262 1.31235 1.29349 1.2679¢ 1.25707 1.354 1.31999  3.928 996237
2-NMethylphenal - - - - - - - - - - -
b13(2-Chloraisapropyl ether - .23678 254327 .24011 (23514 .22352 .2238% 1.103 .23543 4.8%9 .9993V
4-flathylphenal - - - - - - - - - - -
N-Nitroso-0i-n-propylamine 1.19964 1.22939 1.22957 1.18246 1.19253 1.2329F 1.21636 1.143 1.21127 1.213 999777
Haxachlaroethane 63418 - 62111 61599 - - - 1.135 .623726 1.903 .999988
Nitrobenzene-d% 51578 54596 .52760 .54281 .S3773 .53697 .52496 860 .53312 2.015 .999786
Nitrobenzene 47272 49503 47564 47971 48129 46520 459688 .86 .47564  2.413 .999718
Isophorane 89744 89361 .87588 .86997 86475 .8)953 .80788 914 .85844 3.234 .999211
Decaf lucrabiphenyl 40522 .40978 36904 3893 .36574 34847 32120  .916 .35 8.563 .996313

- 2-Nitrophenol 20346 21398 21276 L21222  .21597 21778 (21831 .929 21349  2.345 .999943
2,4-Oimethylphenc| 28010 .29508 27450 .27248 .26516 .2603% .24942  .9%6 .27102 5.410 .799209
Benzoic Acid - - - .- - - - - - - -
bis(-2-Chlorcethoxy)Methane 55794 .57015 .566466 .95291 .54053 .$3899 .52845  .971 .55326 2.863 .999458
2,4-Dichleraphencl .26012 .30301 .28816 .29473 .289%% .29306 .28779 .98 .28806 4.648 .999818
1,2,4=Tr1ichlorobenzene J7802 37296 (35489 34194 (33652 (32546 (31748 994 (34432 6.445 999557
Naphthalene 1.21427 1.23128 1.16462 1.14153 1.1103¢ 1. 05‘25 1.026B4 1.004 1.13473 6.760 .399087
4-Chloroantline - - - - - - - - - -
Hexachlorobutadiene .23286 .23468 .22246 21975 21280 .20019 18747 1,048 21575  7.944 997286
4-Chloro-3-asthylphenal 33205 36425 32830 34650 .36073 36413 36168 1.148 35109 4,429 .999634
2-flethyinaphthalens - - - - - - - - - - -
Hexachlorocye lopentadiens J23964  .27348 30570 .30307 .31027 31417 .304%¢ 824 .29307  9.212 .999%83
2,4,6-Trichlorophenol L0111 42977 41613 40957 .40062 .39!24 4 891 .40l6%  4.872 .998412
2,4,5-Trichlorophens| LAQ111 42977 41613 .40557 .4Q042 3624l 891 40344 5,144 .798400
2-Chleronaphthalens 1.21564 1 16360 1.15055 1.06118 1. 05396 l. 03110 96476 911 1.09154 9.034 .3984e4
2-Fluorabiphenyl - - - - - - - - -
2-Nitroaniline - - - - - - - - - - -
Dissthyl Phthalate 1.54547 1.57439 1.54120 1.51105 1.46849 1.)9722 1.34055%  .977 1.485%48 5.424 .399015
Acenaphthylene 1.97150 2.02759 2.00207 1.89725 1.84518 1.76024 1.47621  ~.976 1.88572 6.388 .3%8174
RF - Response Facter (Subscript 1s asount in ug/al)

RRT - Average Relative Retention Time (RT Std/RT lstd)
RF - Average Response Factor

XRSD - Percent Relative Standard Deviation

CORRn - Coefficient of Correlation (nth degree) ¥-62
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Calibration Report

Title: Base/MNeutral/Acid Extractabdles

(Priority Pallytants)

- Calibrated: 880202 14:44

Files: >81108

Comgound

81109 81116 HA1111 81112 181113 H8llle
RF RF RF RF F F F
20,00 50.00 80.00 120.00 140.00 240.00 320.00

RRT FF

-----

J-Nitroaniline
Acenaphthene
2,4-Oinitrophencl
4-Nitrophenal
Dibenzofuran
2,4-Jinitrotoluene
2,6-01nitrotoluene
Diethylphthalate
4-Chlorophenyi-phenylether
Fluorene
4-Nitroaniline
4,6-0initro-2-sethyiphenal
N-Nitrosodiphenylanine
fzobenzene
2,4,6-Tribromophenal
4-Bromophenyl-phenylether
Hexachlorobenzens
Pentachlorophencl
Phenanthrene
Anthracens
0i-n-Butylphthalate
Fluaranthene
Pyrens
Terphenyi-dl4
Butylbenzylphthalate
3,3'<Oichiorobenzidine
Benza(a)Anthracene
Bis(2-Ethylhexyl )Phthalate
Chrysens
Di-n-octyl phthalate

1.31508 1.32635 1.30045 1.25776 1.21958 1.14665 1.10935
- - 09985 15586 .16120 .19611 .20454
19981 20715 (23164 .29491 28959 .30496 31267
30716 41026 39934 45045 .43454 43777 -
L8722 (33422 (33990 (36206 (36251 (37040 36393
1.62705 1.72528 1.64606 1.607%6 1.51475 1.37292 1.29113
68984 67265 .64497 .6071% .56551 - -
1.47476 1.50519 1.47754 1.43754 1.40084 1.34711 1.24723
- J12673 (13872 .15813 .16500 .18450 .18517
55203 .57201 .59048 .54028 .54338 .50451 44561
1.18792 1.26024 1.29386 1.16%58 1.21262 1.16032 1.15898
16661 .1760% .18704 .17692 .182¢5 .17702 .1767Q
29452 30473 31157 .28030 28290 .27159 .24667
JB440 37813 36581 .J34003 34666 .33300 32390
21623 (16479 (16546 17544 18251 19611 .19487
1.34025 1.40094 1.33250 1.277%1 1.26564 1.22565 1.17224
1.34726 1.42597 1.32827 1.29158 1.29524 1.23010 1.16036
1.73870 1.86676 1.72860 1.68232 1.74473 1.71965 1.60797
1.30802 1.32329 1.29682 1.25210 1.30092 1.30145 1.237%5
1.59571 1.82778 1.716%8 1.72047 1.83764 1.76957 1.69676
99174 1.14648 1.05640 1.08783 1.19859 1.12578 1.04728
81865 .89305 .87%63 .93762 .97580 .95629 .93362

1.40353 1.40682 1.39143 1.39543 1.41212 1.37432 1.39616
1.27806 1.29450 1.22302 1.25%04 1.31314 1.27164 1.22307
1.40287 1.38706 1.30100 1.36460 1.35897 1.25181 1.30340

1.005 1.23932
1.020 .16347
1.048 25496
1,064 40659

985 34578
1.089 1.54068
1.090 43563
1.084 1.41289

902 16004
906 53833
908 1.20559
S 12
949 28747
.963
989 18535
1.003 1.28782
1.009 1.29697
1.095 1.72696
1.155 1.28859
883 1.73779
905 1.08773
959 .91295
999 1.39712
1.019 1.26550
1.003 1.34999

3.400%2 3.92144 3.62515 3.95112 J.84310 J.94488 4.35228 . 953 3.79093
Benzo(b)flugranthene 1.66219 1.71069 2.02709 1.90014 1.99477 1.72434 1.85544 .974 1.83952
Benzo(k )Fluoranthens 1.66219 1.71069 2.02709 1.90014 1.99477 1.72634 1.85544  .974 1.83952
Benzo(a)Pyrens 1.56708 1.56791 1.62256 1.59%90 1.60026 1.57722 1.62495  .996 1.5937¢
Indena(1,2,3-cd)Pyrens 74807 69494 67509 48271 (71815 .69432 .73419  1.097 74797
Oibenzo(a,h)Anthracens 69008 64466 61606 .64182 67050 .44953 (71981 1.100 45606
Benzo(g,h,1)Perylens 63383 .62047 58623 .59457 64122 63716 .70048 1.124 .43170
RF - Response Factor (Subscript is amsunt in ug/al)
RT - Average Relative Retention Time (RT Std/RT Istd)
F - Aversge Response Factor
WD - Percent Relative Standard Deviation
CORRn - F-63

Coefficient of Carrelation (nth degree)

Page 2 of 2
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5313 .

399278
959808
394981
.99¢31?
997291

.995051
995753
.999424
999711
.999236
.99945%
998377
.999037
L9981
998472
.999206
.998807
997648
999398
.999889
.9991G0
.998939
997354
996414
996418
.999745
999099
997907
997322
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Title: Base/MNeutral/kcid-Extractables (Friority Pollutants)

e  —— - S——— - - .

Zaithration Check Report

Calibrated: 880202 14:44

Check Stancard Sata File:

»87100

[njection Time: 880713 18:22

Comoound

RF RF

%0iff Calib Meth

2-Fluorophenol 1.21496 1.02057  16.00 Average
Phenci-dS 1.737246 1.81075%  4.22 Awverdge
Phenol 1.59355 1.644283  3.09 Average
bis(-2-Chlorgethyl)Ether 1.51377 1.59402  5.30 Average
2-Chlorophenol 1.22164 1.3049¢  4.82 Average
1,3-Dichlorohenzene 1.30280 1.34076  2.91 Average
1,4-0ichlorobenzane 1.36292 1.44918  6.77 Average
Benzyl Alcohol - - - Awverage
1,2-Oichlorabenzene 1.31999 1.43637  98.82 Average
2-flethyliphenol - - - fAverage
bis(2-Chloroisopropylliether 23963 .21320 9.52 Awverage
4-llethylphenol - - - Rverage
N-Nitrosd=0i-n-propylamine 1.21127 1.19770  1.12 Average
Hexachlaroethane 62376 59368  4.82 Average
Nitrobenzene-d5 53312 .47449  11.00 Average
Nitrobenzene 47564 42362 10.94 Average
[sophorone 85844 77832 9.33 Average
Decaf luorabiphenyl J753 (29861 20.48 Average
2-Nitraphenal 2134920690 3.09 Average
2,4-0imathylphenol .27102  .21602 20.29 Average
Benzoic Acid - - - Average
bis(-2-Chioroethaxy)Hethane 55326 .56989  3.01 Average
2,4-Dichlorophenal .20806 .27836  3.37 Average
1,2,4-Trichlorobenzene 34632 34491 .17 Average
Naphthalene 1.13473 1.17967  3.96 fnarage
4-Chlorcaniline - - - fverage
Hexachlorobutadiene 21878 1247%  19.00 Average
4-Chloro-J-mathylphenol 35109 30221 13.92 Average
2-Nethyinaphthalene - - - Average
Hexachlorocyclopentadiene (29307 15445  46.90 lst Degree
2,4,6-Trichlorophenal 40189 .36293  9.65 Average
2,4,5-Trichlorephenal 40344 36297  10.04 Average
2-Chlcronaphthalene 1.09154 1,16080  §.34 Averaqe
2-Fluarabiphenyl - - - fwerage
2-Nitroaniline - - - Awerage
Oimethyl Phthalate 1.48548 1.37695  7.31 Average
Acenaphthylene 1.88572 1.96053  3.97 Average
J-Nitroaniline - - - Average
Acenaphthere 1.23932 1.28299  3.52 Average
2,4-01n1trophenal 16347 05346 178.04 1st Degree
RF - Response Factor from daily standard file at  50.00 wug/al
RF - FAverage Response Factor from [nitial Calibration

01 ff -

Page ! of 2

% Difference from original average or curve
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Caliyratian Check Report

Title: Base/Neutral/fcid Extractables
Calibrated: 880202 14:46

(Priority Psllutants)

Check Standard Data File: »87100
Injection Time: 880713 18:22

Czopound

R RF

4-Nitrophenal

25696 .14685

Oibenzofuran - - - Average
2,4-Oinitrotoluene 40659 40207 .06 1st Degree
2,6-Dinitrotoluene 34578 33898 1.7 Average
Oiethylphthalate 1.94068 1.71187  24.34 1lst Oegree
4-Chlorophenyl-phenylether 63563 59736 6.02 Average
Fluorene 1.41289 1.45929  3.28 Average
4-Nitroantline - - - Average
4,6-0initro-2-methylphenal .16004 13310 22.75 1st Degree
N-Nitrosodiphenylaaine 53833 .57584  4.97 Average
Azobenzene , 1.20559 1.09544  9.14 Average
2,4,6-Terbromaphenal A7787 12124 31,72 Average
4-8romopheny|-phenylether 28747 .79414  11.59 Average
Hexachlarobenzene S5SNI L27467 22,22 Awerage
Pentachlorophenal 18535 .21309  28.97 1st Degree
Phenanthrens 1.28782 1.32201  2.45 Average
Anthracene 1.29697 1.31333  1.26 Average
Oi-n-Butylphthalate 1.72696 1,6345%  5.35 Average
Fluoranthene 1.26859 1.30132 99 Average
Pyrens 1.73779 2.06622 18.90 Average
Terphenyi-d14 1.08773 1.11789  2.77 Average
Butylbenzyiphthalate 91295 86421  5.34 Average
?,3'-Oichlorabenzidine - - - Average
Benzo(al@nthracene 1.39712 1.43088  2.42 fwerage
Bis(2-Ethylhexyl)Phthalate 1.26550 1.17465  7.18 Average
Chrysens 1.34999 1.44359  4.93 Average
Di-n-octyl phthalate J.79093 2.64241  30.30 Average
Benzo(b) fluoranthene 1.83952 1.72074  6.46 Average
Benzo(k )Fluaranthene 1.83952 1.72074  6.46 Average
Benzo(a)Pyrene 1.59379 1.58940 .27 fwerage
Indena(1,2,3-cd)Pyrens 20787 1.25077  76.89 Average
Oibenza(a,h)Anthracens 65606 1.16879 78.15 Average
8Benzo(g,h,i)Perylene 63170 1.14211 60.80 Average
RF - Response Factor from daily standard File at  50.00 ug/mi
RF - Average Response Factor from [nitial Calibration

X01f¢ Calib Peth

33.38 ist Degree

XDiff - X Difference from original average or curve

Page 2 of 2
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Title: Base/Neutral/Acid Extractables

Calibeated: 880202 14:44

Check Standard Data File: »87111
Injection Time: 680714 08:00

Coepound

RF RF

Calibration Check Report

%0iff Calib Meth

2-Fluorophencl

Phena|-45

Phenal
bis(-2-Chlarcethyl)Ether
2-Chleropheno!l
1,3-Dichlorobenzens
1,4-0ichlorobenzene
Benzyl Alcohol
1,2-Dichlorobenzene
2-flethylghenal
bis(2-Chloraisopropylether
§-llethylghenol
N-Nitroso-Di-n-propylasine
Hexachloroathane
Nitrobenzene-d%
Nitrobenzene

Isophorans
Decafluorabiphenyl
2-Nitrophenol
2,4-Oimethylphenol
Benzoic Acid
bis(-2-Chlercethoxyltisthane
2,4-0ichlorophenol
1,2,4-Trichlorobenzens
Naphthalene
4=Chloroaniline
Hexachlorcbutadiens
4-Chloro-3-mmthyliphenal
1-Nethylnaphthalens
Hexachlorecyc lopentadiens
2,4,6-Trichliorophenol
2,4,5-Teichlarophenal
2-Chloronaphthalens
2-Fluorobiphenyl
2-Nitroaniline

Dimethyl Phthalata
Acenaphthylens
J-Nitraaniline
Acenaphthens
2,4-Dinitrophencl

1.21496 1.27185
1.73746 2.03590
1.59355 1.82914
1.51377 1.77094
1.22164 1.38387
1.30280 1.34873
1.36292 1.48711

1.31999 1.44067
2563 24796

1.21127 1.39393
62376 .63051
53312 .50942
47564 45471
85844 87157
I8 . 27502
21349 21532
27102 .22087

55326 .60202

.28806 .27030

34632 32393
1.13473 1.17796

21575 16204
J5109  .324%

29307 12494
40169 37097
L34 37097
1.091%4 1.13547

1.48%548 1.40619
1.88572 1.99274

1.23932 1.29318
16347 (11390

4.68 Average
17.18 Average
14.78 Average
16.99 Average
13.28 Average
5.06 Average
9.11 Average
- fverage
9.14 Average
- fAverage
5.23 Average
-  Average
11.78 Average
1.08 Avarage
4.45 Average
4.40 Average
1.53 Average
28.77 Average
.86 Average
18.51 Average
- fverage
8.81 Average
6.16 Average
6.58 Averasge
3.81 Aversge
Average
.89 Average
.56 Averags
- Awerage
57.04 1st Degree
7.65 Average
8.0% Average
4.02 Average
-  Pwerage
- RAverags
5.34 Average
5.468 Average
- fverage
4.35 Average

U
7

534.94 1st Degree

RF - Response Factor from daily standard file at = 50.00 ug/al

RF - Average Response Factor fros 1r;itial Calibration

Wiff - % Difference from original average or curve

V>N

Page 1 of 2
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Calibration Check Report

e e ———— . e = = -

Title: Base/Meutral/fcrd Extractables (Priarity Pallutants)
Calibrated: §80202 14:46

Check Standard Data File: »87111
lnjection Time: 880714 08:00

Cazpound RF RF 0iff Calib Neth
4-Nitrophenol .256%6 21870 .73 1st Oegree
Dibenzofuran - - - hAverige
2,4-Dinitrotoluene 40659 43384 7.96 Lst Degree
2,6-Dinitrotoluene 4578 39452 . 2.53 Average
Diethyliphthalate 1.54068 1.41611  21.02 1st Degree
4-Chlorophenyl-phenylether 63563 58101  8.59 Average
Flucrene 1.41289 1.46205  3.48 Average
4-Nitroaniline - - - Average
4,6-Oinitro-2-sethylphenc! (16004 14561  34.29 1lst Oegree
N-Nitroscdipheny!aaine 53833 .98987  8.83 Average
Azabanzene 1.20959 1.21820  1.05 Average
2,4,6-Teibromophenc! A7757 12299 30.96 Averags
4-Bromophenyl-phenylether 28747 .24318  15.43 Average
Hexachlorobenzens I35 L26013  26.34 Averaqge
Pentachlorophens! 18535 16065  2.77 lst Oegree
Phenanthrene 1.28782 1.31578  2.17 Avarage
fnthracens 1.29697 1.31223  1.18 Average
Di-n-Butylphthalate 1.72696 1.72554 .08 Averags
Fluoranthens 1.28859 1.33334  3.47 Average
Pyrane 173779 1.76843  1.76 Avarage
Terphenyl-d14 1.08773 .98257  9.67 Average
Butylbenzylphthalate 91295 88477 3.09 Awerage
J,3'-0ichlarchenzidine - - - fverage
Benzo(a)Anthracene 1.39712 1.42940  2.31 Average
Bis(2-Ethylhexyl )Phthalate 1.2655Q 1.23257  2.40 Awverage
Cheysens 1.34999 1.45552  7.87 Average

Oi-n-octyl phthalate

3.79093 2.69M

28.83 Avarage

Benzo(b)fluoranthens 1.83952 1.53896  16.34 Average
Benza(k)F lugranthens 1.83952 1.53896  14.34 Average
Benzo(a)Pyrene 1.59578 1.55968  2.13 Average
{ndeno(1,2,3-cd)Pyrens 07 96591 36.61 Average
Oibenza(a,h)Anthracens 65606 95225  45.15 Average
Benza(g,h,i)Perylene 43178 80434 27.37 Average

&F - Response Factor from daily standard File at 50.00 ug/ml
F - Average Response Factor from Initial Calibration

Diff - X Difference from ariginal average or curve

Page 2 of 2
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QUANT REPORT

Operataor [D: USERSé Quant Reuv: 6 Quant Time: 380713 I:I:.=
Qutput File: ~87101::QT [njected at: 880713 17:1%
Cata File: >87101::L2 Dilution Factagr: 1.340:54

Name: BLANK CF SYSTEMS
Misc: 1 ul w’ [3 & SURR DIRECT INJECTION SHOT 7-13-88 Uf=1mML

[D File: [DEB11l::02

Title: Base/Neutral/Aci1d Extractables (Prigcrity Polliutants)
Last Calibration: 880621 14:46

Compound R.T. Q ion Area Cone Units

1) »d4-1,4-Dichliorobenzene (IS) 10.60 152.0 47300 40.00 ug-m!
2) 2-Fluorophenal (SS) 7.26 112.0 107022 74.49 ug/m|
3) Phenol-dS (S53) 10.07 $9.0 167592 81.57 wug-/ml
1) *dS-Naphthalene (IS) 14.47 136.0 164090 40.00 wugs/ml
17) Nitrobenzene-d5 (SS) 12.40 82.0 80021 36.59 ug/ml
20) Decafluorobiphenyl (SS) 13.27 334.0 59928 38.90 wug/mi
32) =dl0-Acenaphthene (IS) 19.99 164.0 87978 40.00 wug/ml
52) »dl0-Phenanthrene (IS) ‘ 24.60 188.0 1196865 40.00 wug/ml]
56) 2,4,6-Tribromophencl (SS) 22.53 330.0 34746 65.40 ug’/ml
59) Pentachlorophenol 24.34 266.0 5344 18.10 wug’ml
64) *dl2-Chrysene (I[S) " 32.99 240.0 84280 40.00 wugs/ml
66) Terphenyl-dldé (SS) 29.84 244.0 109329 47.70 ugsmi
72) =dl12-Perylene (IS) 37.19 264.0 61328 40.00 wugs/ml

* Compound is [STD

F-68



CUANT REPQRT

1.

o
]

Cirae
b
' I BV I

O Cr o

ug/ml
ug/ml
ug/ml
ug/ml
ug/ml
ugs/ml
ug-ml
ug/ml

(WIS ) B

Cperator [D: USERS Quant Reu: 6 Quant Time: 330714
Qutput File: ~827107::QT7 [njected at: 330714
Data File: >87107::L2 Dilution Factor:
Name: BLANK-2 CF SYSTEMS
Misc: 1 ul wrs [S & SURR DIRECT INJECTION SHOT 7-14-33
[0 File: [DEB11::02 .
Title: Base/Neutral/Acid Extractables (Priority Polliutants)
Last Calibration: 880621 Yt4:46
Compound R.T. @ ion Area Conc
l) ®»dd4-~1,4-Dichlorocbenzene (I1S) 10.61 152.0 40383 40.00
2) 2-Fluorophengl (3%) 7.2% 112.0 32836 67.%7
3) Phenol-dS (SS) 10.07 99.0 130146 74.20
16) *dB8-MNaphthalene (IS) 14.46 136.0 1la2940 40.00
17) Nitrobenzene~dS (SS) 12.39 82.0 58318 30.61
20) Decaflucrobiphenyl (SS) 13.26 334.0 43860 36.40
32) =»dl0-Acenaphthene (IS) 19.99 164.0 80502 %0.00
52) *dl0-Phenanthrene (IS) 24.59 188.0 120656 40.00
56) 2,4,6-Tribromophenol (SS) 22.52 330.0 355572 66.38
62) ODi-n-butyliphthalate 26.98 14%.0 3245 .62
64) *dl2-Chrysene (I1S) 32.99 240.0 1021440 40.00
66) Terphenyl-dl4 (SS) - 29.83 244.0 102704 36.%8
72) *dl2-Perylene (IS) 37.19 264.0 93257 40.00

s Compound is ISTD

F-69

ug/ml
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SOIL SZMIWVCLATILI SUFRCGa

')
]
u
7]
]
)
1]
1]

ACZ INC. Csas==a==: CF Systems
Case No.: SAS lec.: SZG Ne.
l1sw =ed)
! | Sl | s2 | 83 } S« | €3 | Se (CTEIZE T
1l MPLE NO. |(‘I:Z)-:(01-5)=|(T?H)#|(?EL)-"}I(2??)#1 (T33F) = :."
Vs =========l s==mms | assm=s= l =====.—_.} S [ sSSs==== { ====== E=s=== ===
. _88-SU/0962 ! _33% ! g l_78% 1 _234¢ | _38% [ _358%
. _88-50/0963 ! % ! *« lt101x t_62% '_47% | _88%
1 _88-SU/0965 ! 61% v _10% ! _65% |_82% (_80% | _73%

- | 88-50/0966 | 40% | 55% | _S3% | _32% | _35% | _36% [ ;
51 88 SU/0967 | 86% | 94% | 79% | 78% | 86% |  62% | [
8| I |_62% _|_8I% |_99% | _9%4% | _8IT | |
27 I ! I I { | | |
8| { { [ [ | ! ! }
G9!Blank 962-9631 732 1 _78% | 9% |_82% | 747 | g5z | i
ig:mnx_aﬁs;s.&sg_m__g_zzz_:_m_:_m_:_aaz_{_m_: \
|
12} | I | | | | | |
13| | | I I I I I |
14| | | | | | | I |
15§ | I | | | | I I
‘18] i I | | | I | I
17| | N I | I I I |
18] I I | | | I ! I
13 | i |2 | | i | i
20| | | | | | | I I
21} | | | I I | | |
22| | | | I I I ! I
23| | | | | 1 | L I
24| l | I I | | | I
25| | I I l | | | I
26| | [ | ! I [ I |
27| ! | | I [ l | ?
28| [ ! I I l | I !
29| | | I I { | I :
30| | a1 I | { { | i

S1 (NBZ) = Mitrobenzene=43

S2 (0FB) = Decaflueviopheviyl

S3 (T3%) = Terzhenvli-dly

S: (PX1) = Fhenol=-45

S3 (27?) = 2-Fluorzschenol

Sé (T32) = 2,4,6=-Tribrcncshensl

3 Column to ke usad to flag recsvery values wisth

* Values cutside of ccntract recuired QC linmizs
F-70
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3D
SOIL STMIVQLATIIZ MATRIX SPIXE/MATRZIX SFIxE oUs

Tab Name: ACZ INC. Centracs: CF Systems

l b Cade: Casa No.: SAS No.: SDG Nac.:

lat:ix Spike - Sazmple No.: 0968 Level: (low/med)

| AMOGNT [SAMPLE CONC. | MS CoNC. |
|ADDED | IN EXTRACT | IN EXTRACT | Ms% |

COMPQTND | (ng) | (ug/kg) l (ug/kg) | REC #|
==w:-—u-[ m!amaa':m::‘
Phenacl { 100,000 | ! 82273 | 199 |

lz-cn‘.cr:::;;-:enol { 100,000 | | 41335 | _86 l
1,s=Dicalcro~- | I | Co | l
benzene | _50,000 | | 27229 { 113 l

i ene - | | I I |
Dt=n- ey L ate | 50,000 | | 25403 | 106
1,2,4=-Trichloro- | ] | | !

'bcnzene | _sa.000 | | 20240 | 84 [
$=-Chloro=3-Mathyl- | | | | i
henol | 100,000 | | 38sar P20
cenaphthane | 50,000 | | 29151 | 121 |
{-Nitrophenol | [ | _Not Soiked. l (
lgaphthalene 150,000 | | __23312 YA
entachlorophensl 1 100,000 | | __68900 [ 133 |
Pyrene | 50,000 | 190 | = 22236 | T 92 |
[ | i l [ -

) | MSD CONGC. iN | MSDX | MSY | % | 9 RPD

CoOMPQUND. - .- . | | EXTRACT (ug/kg)] REC #| REC #| RPD QL:‘
Shenel | 43796 | 91 I 109 | 18 = (8.0
-Chlorephencl | 35178 | 23 | B8 | 24> o

, 4=Dichlore- | | | | |

benzene | 27875 |16 M3 | 8B > 30
i-n-butyl- | | | | |

'phtgalate | 26955 |12 106 | 06 4 4o
1,2,4-Tzrichloro~- | | | | |

'bcnzcn‘ | 22352 p 3 { 84 | 10 ~+> J0.0

-Chlors=3i-Methyl- ! | l | |

phencl {32593 | 68 | 80 | 16 > jpo

canaphthene | __29773 RY4] P12l | 02 -l 20
-Nitrorhenol | __Not Spiked | | - I I
Naphthalene | __24319 | 101 | 37 | U e 40O
aemcachlcerssnensl | __ 63584 | 32 | T8 | T —= 8.0
ly*:a."ze | __27a98 [ 95 | 92| 03 -+ 3.0

| | |

: |
goluzn to ba used to flag recavery and RPD values with an astarisk
Flues ocutsida of CC lixaizs

F-71
'< - out of ocutside limi%«s
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5 lLheame: ACZ INC.

- -

§QTIL STHMIVCIATIZE MATRIW SFIFZ/MATRIN §F:

snorac=: CF Systems

cece: Case No.: Sas No.: S2G No.:
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Table G-1

Table G-2

Table G-3

Table G-U4

Table G-5

Table G-6

Appendix G

ANALYSIS OF VARIANCE RESULTS

ANOVA for fluidized bed incineration and three-cycle
solvent extraction.

ANOVA for three-cycle solvent extraction and
single-cycle solvent extraction.

ANOVA for three-cycle solvent extraction and solvent
extraction at plant G.

ANOVA for three-cycle solvent extraction and pressure
filtration at plant C.

ANOVA for three-cycle solvent extraction and pressure
filtration at plant D.

ANOVA for fluidized bed incineration at plant A and
stabilization at Plant I.



TABLE G-1

ANALYSIS OF VARIANCE RESULTS FOR COMPARING F.UIDIZED BED
INCINERATION AT PLANT A AND THREE-CYCLE SOLVENT EXTRACTION

AT PLANT M

Anslysis of Varisnce for Bis(2-athylhexyl)phthalsete

Degrees Sum of Mesan Critical
Source of freedom Squares Squares F Ratio F Value
Betwesn Groups 1 0.0114 0.0114 0.0108 4,75
Within Groups 12 12,7258 1.0608
Total 13 12,7372

There is no significant di fference betwesn the trsatmants,

Anslysis of Varienca for Di-n-butyl phthslate

Degrese Sum of Msan Criticel
Sourcs of fresdom Squares Squares F Retio F Velus
Betwasn Groups 1 1.32681 1,361 — —
Within Groups 12 0.0000 0.,0000
Totel 13 1.3261

There is no statistical diffsrence betwsen ths trsatments,
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TABLE G-1 (Continued}

ANALYSIS OF VARIANCE RESULTS FOR COMPARING FLUIDIZED BED
INCINERATION AT PLANT A AND THREE-CYCLE SOLVENT EXTRACTION
AT PLANT M

Anslysis of Variance for Cyanide

Degrees Sum of Mean Critical
Source of freedom Squares Squaree F Ratio F Value
Batween Groups 1 73,6690 73,8690 201.8980 —_—
Within Groupe 10 3.68488 0.3849
Tatal 1. 77,3179

There is a significant difference between the tresatments,

incineration is battar,

Fluidized bed

Aneslysts of Verisnce for Xylanss (totel)

Oagrees Sum of Meen Critical
Source of fresdom Squarse Squares F Ratio F Velus
Setwesn Groups 1 48,8678 48,6868768 @0,.928%5 4,968
Within Groups 10 8.0181 0.8018
Tatel 11 54,7037

Thare is @ significant di ffarencs between thas treatmentas,

incineration {a better,

Fluidi zed bed



TABLE G-1 (Continued]
ANALYSIS OF VARIANCE RESULTS FOR COMPARING FLUIDIZED
INCINERATION AT PLANT A AND THREE-CYCLE SOLVENT EXTRACTION
AT PLANT M

Analysis of Variance far Benz(a)anthracane

Dagress Sum of Maen Critical
Source of freedom Squares Squares F Ratio F Velus
Between Groups 1 23,8879  3,8879 130.5080 4,75
Within Groups 12 0.3391 0.0283
Total 13 4.0270

There is @ 8ignificant difference betwsen the trestments, Fluidized bed
fncinearation is better,

Anslysis of Varience for Ethylbanzene

Dagress Sum of Mean Critical
Saurce of freedom Squares Squarss F Retio F Velue
Between Groups 1 5.8488 5.6488 17,4759 4,98
within Groups 10 3,2322 0.3232
Totsl 1 8.86807

There is s significant differsnce betwessn the trestments, Fluidized bed
incinerstion 18 battar,



TAGLE G-1 (Continued)

ANALYSIS OF VARIANCE RESULTS FOR COMPARING ALUIDIZED BED
INCINERATION AT PLANT A AND THREE-CYCLE SOLVENT EXTRACTION
AT PLANT M

Analyeis of Variance for Tolusne

Oegrees Sum of Mesn Criticat
Source of freedom Squares Squares F Ratio F Vealuse
Between Groups 1 0.0061 0.0081 0.040S5 4.9%
Within Groups 10 1.5089 0.1507
Total 11 1.5130
There ts no statistical differsnce between the trsatments.
Anelysis of Varisnca for Chrysans
Degrees Sum of Maen Criticat
Sourca of freedom Squares Squeres F Retia F Velue
Batwean Groups 1 68,2828 68,2988 148,3800 4,75
Within Groups 12 0,5070 0.0422
Tatal 13 8.7988

Thare is a significant difference between tha trsstments,

incineration {a bettar,

Flutdized bed



TABLE G-1 {Continued)
ANALYSIS OF VARIANCE RESULTS FOR COMPARING FLUIDIZED BED
INCINERATION AT PLANT A AND THREE-CYCLE SOLVENT EXTRACTION
AT PLANT M

Analysis of Variance for Naphthalsne

Degress Sum of Msan Critical
Source of freedam Squares Squares F Ratio F Value
Between Groups 1 122,3426 12,3428 241.8455 4,75
Within Groups 12 8.0785 0.5083
Totel 13 128,4180

There 18 a significant di ffarence betwean the trestments, Fluidized bed
fncineretian is better,

Analysis of Variance far Phenanthrene

Dagrees Sum of Mean Criticel
Source of fresdom Squares Squares F Ratio F Value
Between Graups 1 16,3984 18.3984 135,1513 4,73
within Groups 12 1.4580 0.1213
Total 13 17.8544

Thare is & aignificant diffarence betwean the trestments, Fluidized bed
incinerstion {a better,



TABLE G-1 (Continued)

ANALYSIS OF VARIANCE RESULTS FOR COMPARING RLUIDIZED BED
INCINERATION AT PLANT A AND THREE-CYCLE SOLVENT EXTRACTION
AT PLANT M

Analysis of Variance for Pyrene

Dagraas - Sum of Maan Critical
Scurce of frassdom Squeres Squares F Retio F Value
Betwean Groups 1 3,4729 3.4729 B80.3855 4,75
Within Groups 12 0.5184  0.0432
Totel 13 3.9914

There is & significant di fference betwean the tresatments.

{ncinaration ig battar.

Fluidized bed



TABLE G-2 _

ANALYSIS OF VARIANCE RESULTS FOR COMPARING THREE-CYCLE SOLVENT

EXTRACTION AT PLANT M WITH SINGLE-CYCLE SOLVENT EXTRACTION AT
PLANT M

Analysis of Varisncs for Ethylbenzene

Degress Sum of Masn Critical
Saurcs of freedom Squares Squares F Retio F Velue
Batween Groups 1 4,7883 4,76883 7.,7830 4,67
within Groups 13 7.9648 0.8127
Totsl 14 12,7328

There 1a a significent di fference betwsen the trsstments, Single—cycle
solvent extraction {s better, :

Anslyeia of Varisnce for Taoluens

Degrees Sum of  Meen Critical
Source of freedom Squeres Squares F Retio F Valus
Batween Groupa 1 0.0404 0.0404 0.1843 4,87
Within Groups 13 2.8%10 0.2183
Totsl 14 2.8014

There is no significant differsnce bestween the treetments,

G-8



TABLE G-2 {Continued)
ANALYSIS OF VARIANCE RESULTS FOR COMPARING THREE-CYCLE SOLVENT
EXTRACTION AT PLANT M WITH SINGLE-CYCLE SOLVENT EXTRACTION AT
PLANT M

Analysis of Variance for Xylenes

Degreee ° Sum of Maan Critical
Source of freedom Squares Squares F Retio F Velue
Batwean Groups 1 8.794 8.,7947 8.,1688 4.75
Within Groups 12 12,9198 1.0787
Total ' 13 21,7148

There is a significant difference betwsen the treatments. Single—cycle
solvent extraction {s better,

Analysis of Varisnce for Anthrscens

Degrees Sum of Mean Critical
Source of freedom Squares Squares F Ratic F Value
Between Groups 1 1.0288 1.0288 3.8003 4,80
Within Groups 14 3.7804 0.2707
Total 18 4,0188

There is no significant di fference betwsen the tresstments,



TABLE G-2 (Continued)

ANALYSIS OF VARIANCE RESULTS FOR COMPARING THREE~CYCLE SOLVENT
EXTRACTION AT PLANT M WITH SINGLE-CYCLE SOLVENT EXTRACTION AT

PLANT M

Analysis of Variance for Benz{e)anthracene

Degrees Sum of Msan Criticel
Source of freedom Squares Squares F Ratio F Velue
Between Groups 1 0.9784 0.8794 §,2335 4,80
wWithin Groupe 14 2.8188 0.1871
Total 15 3.5883
There is a significant di fference between the trestments. Three—cycle
solvent extraction is better,
Analysis of Varisnce for Benzo(e)lpyrens
Degrese Sum of Meen Critical
Source of fresdom Squaree Squares F Retio F Velus
Beatwean Groups 1 12,3218 12,8218 72,9098 4.80
Wi thin Broups 14 2.4044 0.1747
Totel 18 14,8288

There 18 @ significant di fference betwesn ths trestments. Thrse—cycle

solvent extrection {s bsttar,

G-12



TABLE G=2 (Continued)
ANALYSIS OF VARIANCE RESULTS FOR COMPARING THREE-CYCLE SOLVENT
EXTRACTION AT PLANT M WITH SINGLE=CYCLE SOLVENT EXTRACTION AT
PLANT M

Anslysia of Veriance for Bis(2-sthylhexyl) phthalate

Degrees Sum of Mean Critical
Source of freadom Squares Squarss F Ratio F Value
Between Groups 1 0.4385 0.4388 0.3143 4,80
Within Groups 14 19.5276 1.3948
Total 15 19.9861

There {8 no significant diffarence between the treatmenta,

Analyeis of Veriance for Chrysens

Oegrees Sum of Mean Critical
Source of freedom Squares Squares F Ratio F Velue
Betwsen Groups 1 6.846S 8.8488 70.2418 4,80
Within Groups 14 1.32@ 0.0048
Total 15 7.9712

Thers is e significant diffsrence between ths trsstments, Three-cycle
soclvent extrection is bettar,
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TABLE G-2 {Continued)
ANALYSIS OF VARIANCE RESULTS FOR COMPARING THREE~CYCLE SOLVENT
EXTRACTION AT PLANT M WITH SINGLE-CYCLE SOLVENT EXTRACTION AT
PLANT M

Analysis of Variance for Naphthalene

Dagrees Sum of Mesan Criticel
Source of fresdom Squares Squares F Retio F Value
Betwean Groups 1 23,7243 23,7243 38,8474 4,80
Within Groups 14 98,5499 0.8107
Total 16 32.2741

Thare is e significent di fference betwesen tha treatments, Single-cycle
solvent extrection is better,

Anslysis of Veriance for Phsnanthrens

Dagrees Sum of Meen Critical
Source of freedom Squares Squaree F Retio F Value
Between Groups 1 5.2289 S.2280 28,7227 4,60
Within Groups 14 2.7394 0.1957
Totsl 18 7.5884

Thers is e significant difference between the trsetasnte, Thres—cycle
solvent extraotion is bettar,
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TABLE G-2 (Continued)
ANALYSIS OF VARIANCE RESULTS FOR COMPARING THREE-CYCLE SOLVENT
EXTRACTION AT PLANT M WITH SINGLE-CYCLE SOLVENT EXTRACTION AT
PLANT M

Analysis of Variance for Pyrene

QOagrees Sum of Mesan Critical
Source of frsedom Squares Squares F Ratio F Value
Between Groups 1 5.7838 S.7838 42,8438 4,80
within Groups 14 1.8988 0.1338
Totsl 15 7.6827

There is a significant diffarencs bstwesn the trestasents., Thres=cycls
sglvent sxtrgction is bettar,

Anslysis of Verience far p-Cresol

Deagress Sums of Mean Critical
Source of fresdom Squarss Squarss F Astic F Valus
Batwean Graupe 1 0.1838 0.1838 0.8720 4,80
Within Groups 14 2,9807 0.2108
Total 18 3.1348

There {s no signfficant differancs between the tresstments,
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TABLE G-3

ANALYSIS OF VARIANCE RESULTS FOR COMPARING THREE-CYCLE
SOLVENT EXTRACTION AT PLANT M WITH SOLVENT EXTRACTION

AT PLANT G

Analysis of Varisnce for Bis(2-ethylhaxyl)phthalats

Degrees Sum of Meen Criticel
Source of freedom Squares Squares F Ratio F Value
Betwesn Groups 1 3.8329 3.8329 2.5830 §.12
Within Groups 9 12.7%689 1.4174
Taotal 10 18,3898
There 18 no significant difference betwesn the trestaents,
Analysis of Veriance for Xylenes [totst)
Degress Sum of Mean Critical
Source of freedom Squares Squares F Ratio F Valua
Between Groupe 1 3.0688 3,.8668 4,5748 5,98
Within Groups 8 5.0738 0.8458
Total 7 8.9424

Thers ie no eignificant difference betwessn the treatments,
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TABLE G-3 (Continued)
ANALYSIS OF VARIANCE RESULTS FOR COMPARING THREE-CYCLE
SOLVENT EXTRACTION AT PLANT M WITH SOLVENT EXTRACTION
AT PLANT G

Analysis of Variancs for Ethylbsnzsne .

Dagrees Sum of Mean Critical
Saurce of freedom Squares Squares F Ratio F Velue
Between Groupe 1 0.5307 0,5307 0.9780 5,99
Within Graups 8 3.2627 0.5438
Totel 7 3.7934

There is no significant di fference bstwesn ths trestmente,

Anelysis of Variencs for Tolusne

Cegress Sum of Mean Critical
Source of freedom Squares Squaree F Ratio F Value
Setwesen Groups 1 2.08%9 2.08%9 9,1348 5.99
Within Groupe 8 1.3701 0.2284
Totet 7 J.4501

There 18 @ eignificant di fferenca bstween the trsetments, Three—cycle
solvent extreotion at Plant M {e better,
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TABLE G-3 {Continued)
ANALYSIS OF VARIANCE RESULTS FOR COMPARING THREE-CYCLE
SOLVENT EXTRACTION AT PLANT M WITH SOLVENT EXTRACTION
AT PLANT G

Anslysis of Varisnce for Chrysene

Degress Sum of Mean Criticel
Source of freedom Squares Squares F Ratio F Value
Be twesn Groups 1 18.6412 16.8412 299,.5512 5.12
Within Groups 8 0.5000 0.0558
Totael 10 17.1412

Thers ts & significant di fference batwesn the trestmsnts, Thress=cycte
solvent extraction et Plent M ie better,

Analysis of Variance for Nephthalene

Degrass S of Msan Critical
Source of freedom Squares Squarse F Retio F Value
Between Groups 1 14,1758 14,1788 14,2118 S.12
within Groups 9 8.9773 0.9875
Totel 10 23,1888

There {e & significant differancs between the treatmsnts, Solvent
extraction at Plant G is Detter,
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TABLE G=3 (Continued)
ANALYSIS OF VARIANCE RESULTS FOR COMPARING THREE-CYCLE
SOLVENT EXTRACTION AT PLANT M WITH SOLVENT EXTRACTION
AT PLANT G

Analyais of Var-ance far Phenenthrene

Oegrees Sum of Mean Criticel
Source of fresdom Squares Squares F Ratio F Velue
Between Groups 1 0.0508 0.0s08 0.3108 5.12
Within Groups 9 1.4712 0.,183%
Totel 10 1.5220

Thare 8 no significant di fference betwesn the trsatments.

Analysis of Varisncs for Pyrana

Dagress Sun of Msan Critical
Saurce of freedom Squares Squares F Ratio F Velus
Between Groups 1 18.1673 18.1873 307.1977 5.12
Within Groups 8 0.5322 0.0891
Total 10 18,0988

Thare 18 a aigni ficant di ffarencs betwaen the trestmenta, Three—cycle
solvent axtrectiaon at Plant M is bettar,
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TABLE G-3 (Continued}

ANALYSIS OF VARIANCE RESULTS FOR COMPARING THREE-CYCLE

SOLVENT EXTRACTION AT

Analysis of Variance

PLANT M WITH SOLVENT EXTRACTION
AT PLANT G

for Benzane

Degrees Sun of Mean Critical
Source of freedom Squares Squares F Ratio F Velue
Between Groups 1 6.1335 8.1338 24,1082 5.98
within Groups -] 1.5268% 0.2544
Total 4 7.6600
~There i3 a significant diffarence between the trsstments, Solvent

extraction at Plant G {s bettar,
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TABLE G-4

ANALYSIS OF VARIANCE RESULTS FOR COMPARING THREE-CYCLE SOLVENT
EXTRACTION AT PLANT M WITH PRESSURE FILTRATION AT PLANT C

Anslyeis of Vartance for Benzesns

Degrese Sum of Meen Critical
Saurce of freedom Squares Squarss F Ratio F Velus
Setwesn Groups 1 8.,1775 8.,1778 22,5474 8,81
Within Groups L] 1.3688 0.2740
Total 8 7.5474

There is e eaignificant difference betwesn the tresetmente, Three-cycle

solvent extrection ies better,

Anslyeies of Verisnce for Ethylbenzens

Degrees Sua of Mean Critical
Source of freedom Squares Squares F Retio F Velue
Batween Groupe 1 1.1710 1.1710 1.0118 8.61
within Groupe -] 3.2322 0.8484
Total 8 4,.4032

There is no efgnificant di fference between the trestments,
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TABLE G-4 (Continued] .
ANALYSIS OF VARIANCE RESULTS FOR COMPARING THREE-CYCLE SOLVENT
EXTRACTION AT PLANT M WITH PRESSURE FILTRATION AT PLANT C

Analysis of Variance for Tolusns

Degrese Sum of Meen Critical
Saurce of freedom Squerse Squares F Ratia F Value
Setwoen Groups 1 15,2503 15,2503 55,8622 8.81
Within Groups 5 1.36898 0.2740
Totsl 8 16.6202

There is a significant di fference betwesn the treetments. Thres—cycle
solvent extraction ies better,

Analysis of Variance for Xylenss (total)

Osgrees Sum of Meen Criticel
Sourcs of freedom Squares Squares ) F Retio F Value
Betwean Groupe 1 0.0445 0,0445 0.0438 8.81
Within Groups 5 5.0738 1.0148
Total 8 $5.1183

There 18 no significant di fference between the treetments.
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TABLE G-4 (Continusd)
ANALYSIS OF VARIANCE RESULTS FOR COMPARING THREE-CYCLE SOLVENT
EXTRACTION AT PLANT M WITH PRESSURE FILTRATION AT PLANT C

Analysis of Variancs for nthracene

Dagreass Sum of Maen Critical
Source of freedom Squares. Squares F Ratio F Value
Betwean Groups 1 3.8558 3.,8858 36,7383 5.98
Within Groups 7 0.7348 0.1048

Total e 4,5903

There 18 & significant di fferance betwasen tha trestments, Three—cycls
solvent extraction is battar,

Anslysis of Variance for Banz{s)enthracens

Dagreas Sum of Meen Critical
Sourcs of freedom Squares Squaree F Ratio F Value
Batween Groups 1 4,48%2 4,4882 92,5877 5.59
Within Groups 7 0.33M 0.0484
Total 8 4,8243

There is s significant difference betwesn the treatments. Thrae—cycle
solvant extrsction ias better,

5-21



TABLE G=4 (Caontinued)
ANALYSIS OF VARIANCE RESULTS FOR COMPARING THREE-CYCLE SOLVENT
EXTRACTION AT PLANT M WITH PRESSURE FILTRATION AT PLANT C

Analysie of Varience for Banzo(a)pyrens

Oegrees Sum of Mean Critical
Source of freedom Squeres Squares F Ratia F Value
Be tween Groups 1 5.5623 5.5623 528.12189 5.58
Within Groups 7 0.0740 0.0108
Total 8 5.8383
There is @ significent difference batwesn the trestasnts, Three—cycls

solvent extraction is better,

Anslysis of Veriancs for Bis{2-ethylhaxyl]phthelate

Swe of

Degrese Meen Critical
Source of freedom Squaree Squares F Ratio F Velue
Between Groupa 1 3.0298 3.0298 1.6684 $§.59
Within Groupe 7 12,7258 1.8180
Total 8 15.7554

Thers e no significant di fference betwesn the tresetmente,



TABLE G-4 {Continued]
ANALYSIS OF VARIANCE RESULTS FOR COMPARING THREE-CYCLE SOLVENT
EXTRACTION AT PLANT M WITH PRESSURE FILTRATION AT PLANT C

Analysis of Variance for Chrysane

Oegreaes Sum of Maan Criticel
Source of freedom Squares Squares F Ratio F Value
Between Groupe 1 4,0703 4,0703 58,8033 5.58
Within Groups 7 0,4882 0,0888
Total 8 4,5584

There 18 a significent difference between the treatments, Thrse-cycls
solvent extraction is better,

Anslysis of Varisnce for Naphthslsne

Oegrass Sum of Mesn Criticsl
Sourcs of fresdom Squarss Squares F Retio F Value
Betwean Groups 1 0.045%8 0.0488 0.0824 5,59
Within Groups ? 8.0758 0,8879
Tatel ] 8.1210

There is no aignif{cant df fference betwesn the trestmsnts,
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TABLE G=4 (Continued)
ANALYSIS OF VARIANCE RESULTS FOR COMPARING THREE-CYCLE SOLVENT
EXTRACTION AT PLANT M WITH PRESSURE FILTRATION AT PLANT C

Anelysie of Varisnce for Phenanthrsne

ODegress Sum of Hesn Critical
Source of freedom Squares Squares F Ratio F Vsliue
Betwson Groups 1 12.8888 12.88685 61.8851 S5.58
Within Groups 7 1.4580 0,2080
Totel 8 14,3219

There 1s s significant di fference between the trestmenta, Three-cycle
solvent extrection {s better,

Analysis of Varisncs far Pyrens

Degrees Swm of Mean Criticel
Source of freedom Squares Squares F Retio F Velue
Betwesn Groups 1 10,0487 10,0491 135.8830 S.58
wWithin Groups 7 0.5184 0.0741
Totslt 8 10,5876

There 18 8 significant difference between the treatmsnts, Three—cycle
solvent extrsotion ia better,

5=24



TABLE G-4 (Cantinued) .
ANALYSIS OF VARIANCE RESULTS FOR COMPARING THREE-CYCLE SOLVENT
EXTRACTION AT PLANT M WITH PRESSURE FILTRATION AT PLANT C

Analysis of Variance for p=Cresol

Dagrees Sum of Meaan Critical
Saurce of frsedom Squares Squares F Ratio F Value
Between Groups 1 0.1970 0.1970 113.8101 5.59
Within Groups 7 0.0121 0.0017
Total 8 0.2082

There 18 8 significant difference betwean the trsstments, Threse=cycle
solvent extrection is better,

Anslysis of Variance for Phenol

Oegrees Sum of Mean Criticsl
Source of freedom Squares Squares F Ratic F Velus
Between Groups 1 0.0110 0.0110 0.0812 .59
within Groups ? 1.2584 0.1799
Total 8 1.2704

Thers is no significant differance beatwesn the trestments,
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TABLE G-6

ANALYSIS OF VARIANCE RESULTS FOR COMPARING THREE-CYCLE
SOLVENT EXTRACTION AT PLANT M WITH PRESSURE FILTRATION

AT PLANT D

Analysis of Varianca for Banzane

Dagreas Sum of Mean Criticel
Sourcs of freedom Squaree Squares F Ratio F Velus
Betwesn Groupe 1 10,2594 10.2594 37,4468 8.81
Within Groupe S 1.3899 0.2740
Total 8 11.6293
There ie 8 significant di ffarence betwsen the trsetments, Three—cycle
solvent extraction is batter,
Analysis of Varience for Ethylbenzense
Degroes Sum of Meen Critical
Source of fresdom Squaree Squares F Ratio F Velue
Betwesn Groupe 1 10,5076 10,5078 16,2548 8.61
Within Groupe L] 3.,2322 0.6484
Total 8 13,7388
There ie o eignificant differencs betwesn the trestments. Three=cycle

solvent extrection {e better,
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TABLE G-5 (Continuad)
ANALYSIS OF VARIANCE RESULTS FOR COMPARING THREE-CYCLE
SOLVENT EXTRACTION AT PLANT M WITH PRESSURE FILTRATION
AT PLANT D

Analysia of Variance for Toluane

Dagrees Sum of Mean Critical
Source of freedom Squares Squares F Ratio F Value
Betwean Groups 1 20.4503 20.4503 74,8418  6.81
within Groups S 1.36899 0.2740
Totel 8 21.8202

Thers is & significent difference betseen the trestmants, Three—cycle
solvent sxtraction t{e batter,

Anelysis of Variance for Xylens {totel]

Degress Sum of Mean Critical
Source of fresdom Squares Squares F Ratio F Velue
Betwesn Groupe 1 2.9847 2.9847 2.9218 8.81
Within Groups L] $.0738 1.0148
Totel -] 8.0386

There is no significant difference between ths trestments,



TABLE G=5 (Continued)

ANALYSIS OF VARIANCE RESULTS FOR COMPARING THREE-CYCLE
SOLVENT EXTRACTION AT PLANT M WITH PRESSURE FILTRATION

AT PLANT D

Anelysis of Varience for Anthrecens

Dagrees Sum of Maan Critical
Source of fresdom Squeres Squarss F Retio F Value
Betwasen Groups 1 1.8254 1.8284 17.3832 5.59
within Groups 7 0.7348 a.1048
Total 8 2.5800

There i8 & significant di ffersnce between ths trestments, Thres—cycle

solvent extraction is better.

Anelyeis of Varience for Benz(e)enthrecens

Oagreee Sum of Meen Criticel
Sourcs of fresedam Squarss Squerss F Ratio F Velus
Betwesn Groups 1 4.3338 4,3338 89,4837 5.58
within Groupe 7 0.3381 0.0484
Total 8 4,8728
There is a eignificent differenca betwsen ths trestmente, Thres-cycle

solvent sxtrection is better,
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TABLE G-5 [Continued])
ANALYSIS OF VARIANCE RESULTS R)R COMPARING THREE-CYCLE
SOLVENT EXTRACTION AT PLANT M WITH PRESSURE FILTRATION
AT PLANT D

Anslysis of Variance for Benzo(a]pyrens

Degrees Sum of Mean Critical
Source of freedom Squeres Squares F Ratio F Value
SBetwesn Groups 1 2.7443 2,7443 258,5748 5.58
within Groups 7 0.0?40 0.0108
Total 8 2.8183

Thers s a significant diffarence between the treatments, Three—cycle
solvent extraction is bstter,

Anatyeis of Varisnce for 81s(2-ethylhexyl]phthalate

Oegreee Sum of Msan Critical
Source of fresdom Squares Squares F Ratio F Value
Between Groupe 1 0.1852 0.1862 0.1019 5.589
Within Groups 7 12,7288 1.8180
Totat 8 12.9110

Thers {8 no significant difference betwean the trestments,
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TABLE G-5 (Continued)
ANALYSIS OF VARIANCE RESULTS FOR COMPARING THREE-CYCLE
SOLVENT EXTRACTION AT PLANT M WITH PRESSURE FILTRATION
AT PLANT D

Analysis of Variance for Chrysene

Degress Sums of Mean Critical
Source of freedom Squares Squares F Ratic F Velue
Between Groups 1 4,7934 4,7334 68,0450 5.58
within Groups 7 0.4882 0.068%
Total ] 5.2798

There is e significent di fference betwesen tha trestments, Three=cycle
solvent extrection is better,

Anelysis of Vaeriance for Nephthalens’

Osgreas Sum of Mean Critical
Source of fresdom Squaree Squares F Ratio F Velue
Between Groupe 1 0.0830 0.0830 0.0858 $5.59
Within Groupe 4 8.0738 0.8879
Toteal 8 8,1588

Thare is no eigntificant differencs betwsen the trestmsnte,
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TABLE G=5 (Cantinued)

ANALYSIS OF VARIANCE RESULTS FOR COMPARING THREE~CYCLE
SOLVENT EXTRACTION AT PLANT M WITH PRESSURE FILTRATION

AT PLANT D

Anslysis aof Varience far Phenanthrene

Sum of  Mean Critical
Squares Squares F Ratio F Value

Between Groups

Within Groups

7.7294 7.7294 37,1804 5.59
1,4580 0.2080

9.1854

There is a significent difference betwsen the treatments, Three=cycle

salvent sxtraction {ie bettar,

Analysis of Verience for Pyresne

Sum of Meen Criticel
Squares Squares F Retio F Vealus

Betwoen Groupse

Within Groupe

9,4282 98,4282 127.3128 5.59

0.5148 0.0741

8.8477

There 1e s eignificant difference betwesn the trsstmants. Thrse=cycle

solvent sxtrection is bettar,
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TABLE G-5 {Continued)

ANALYSIS OF VARIANCE RESULTS FOR COMPARING THREE-CYCLE
SOLVENT EXTRACTION AT PLANT M WITH PRESSURE FILTRATION

AT PLANT D

Analysis of Variance for p=Cresol

Oagrees Sua of Mean Critical
Saurce of freedom Squares Squeres F Retia F Velue
Between Groups 1 0.0388 0.0388 22,2668 5.58
within Groups 7 0.0121 0.0017
Total 8 0.0608
There is a significent difference betmesn the trestments, Three—cycle

solvent sxtrection is better,
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TABLE G-8

ANALYSIS OF VARIANCE RESULTS FOR COMPARING FLUIDIZED BED
INCINERATION AT PLANT A AND STABILIZATION AT PLANT 1

Analyeis of Variances for Antimeny
Camparison of ALl Four Tresatments

Osgress Swa of Critical
Saurce of fresdoa Squares Msan Squares F Ratio F Velue
Be tween Groups 3 3,308 1.101?7 82.7774 3.599
Within Groups 11 0.1381 0.0128
Totel 14 3.482

There 1e @ significant differsnce between the four treatmentsy fluidized bed 1ncinaration

is best,

Anelysis of Verisnos for Antisony
Comparison of Cemant, Kiln Oust, end Liss and Fly Ash Stebilizstion

Oegrees Sum of Critical
Sourcs of freedos Squeres Meen Squarse F Ratio F Vel ue
Be twesn Groups 2 0.048?7 0.0293 20,4989 .14
Within Groupe L] 0.0083 0.00089
Total 9 0.0520

Thers 18 ¢ eignificant di fference
fly esh stadilization trestaents,

batuesn cesent, kiln dust, and lLime end
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. TABLE G—8 (Continued]
ANALYSIS OF VARIANCE RESULTS FOR COMPARING ALUIDIZED sg:
INCINERATION AT PLANT A AND STABILIZATION AT PLANT I

Anslysis of Verisnce for Antimony
Comparison Between Cament and Kiln Dust Stabtlizetion

Degress S of Criticel
Source of freedom Squares Masn Squares F Retio £ Value
Between Groups 1 0.0317 0.0317 24,0158 7.7%
Within Groupe 4 0.0083 0.0013
Total L] 0.0370

There 18 8 significant diffsrence between the cement stebilization end kiln dust
stabilization treetments; casent stabilizetion treetment {e better than kiln
dust etabilizetion treatmsnt,

Analyeis of Verisnce for Antimony
Camparison Satween Camant snd Lime and Fly Ash Stebilization

Cement stabilizetion snd Lime end fly esh stadilizetion cannot be compared by ANOVA
beacause sech dats sst hss s standard devistian of zero, B8esed on judgement, there
te no signi ficant differsnoe bastween the two trestments,

Anslysis of Variance for Antimony
Comparison Betwesn Kiln Oust end Lime snd Fly Ash Stabtlizetion

Dagrees Sum of Crigical
Source of freedom Squa ree Maan Sgusres F Retio F Velue
Betwsan efou’. 1 0.0380 0.0380 28.7841 7.7
within Groupe 4 0.0083 0.0013
Total ] 0.0433

Thare is s significant di fference between the kiln dust stabtlizetion end Lime snd
fly ssh stabtilization treatmentss; Llime end fly ash stsbilization trestment fs
better then kiln dust stabilizetion trsstment,
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TABLE 6-6 [Cantinued)
ANALYSIS OF VARIANCE RESULTS FOR COMPARING FLUIDIZED BED
INCINERATION AT PLANT A AND STABILIZATION AT PLANT I

Analyste of Variance for Arsenic
Comparison of ALl Four Trestmsnte

Osgrees Su of Critical
Sourecs of freedom Squares Msan Squares F Ratio F Vatue
SBetwsen Groups 3 8.1370 2.0487 25.9718 3.58
Within Groups 1 0.0004 0.0760
Totel 14 7.0034

There ta s stgnificant diPfarence between tha four treatmente) fluidized bed inctneration
is worst,

Amailyaie of Vertgnoe for Arsenio
Caaparison Batwsen Camant and Kiln Ouat Stabdilization

Cament etabil{zetion and kiln dust stabilizetion cannot be compared by ANOVA
becsuse ssch date sat hes 8 standard deviation of zero. Besed on judgement, thers
18 no signtficent difference betwean tha tma trestments,

Analysia of Variencs for Aremnic
Comparison Betwesn Coment end Lime end FRly Ash Stabilizetion

Degrees Sum of ’ Critteal
Source of freedos Squa res Maan Squares F Retio F Velue
Setween Groups 1 0.0000 0.0000 1.0000 7.74
Within Groups 4 0.0000 0.0000
Total 8 0.0000

Thare te mf @ significent di fference betwssn the cesent stabilizetion end Lime and fly
ash etadilimsion treatments, :
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TABLE G-6 {Continued)
ANALYSIS OF VARIANCE RESULTS FOR COMPARING FLUIDIZED
INCINERATION AT PLANT A AND STABILIZATION AT PLANT I°

Analysis of Varisncs for Arsenic
Comparison Betwesn Kiln Oust and Lime and Fly Ash Stabilization

Degrese Sw of ‘ Critical
Source of freedom Sque ree Maen Squeree F Retio F Velue
Between Groupe 1 0.03582 0.05%2 4,0000 7.7
Within Groupe 4 0.0832 0,0138
Totsl ] 0.1103

There e not e signfficant di ffarence between the kiln duet etabilizetion end Lime and fly
ash etadilization trestmants.

Anslyeie of Veriencs for Barium
Camperison of AllL Four Treatmente

Osgress Sum of Critical
Source of freedom Squares Mssn Squarse F Aatio F Velue
Betwesn Sroupe 3 2.0377 0.8782 98.3897 3.59
Within Groupe 11 0.,1880 0.0118
Totel 14 2.10%8

Thers 19 o significant difference between the four treatments} L(ime end fly esh
stebilization 19 woret,

G-36



TABLE G=68 {Continued)
ANALYSIS OF VARIANCE RESULTS FOR COMPARING FLUIDIZED BED
INCINERATION AT PLANT A AND STABILIZATION AT PLANT I.

Anslysis of Varience for Barium
Comparison of Fluidized 8ad Incineration, Cement Stabilizetion, end Kiln Oust Stabilizstion

Osgrees Sum of Criticel
Source of freedom Squarss Masn Squarss F Rstio F Vslue
Between Groups 2 0.1972 0.0888 7.4507 4,28
within Groups 9 0.1191 0.0132
Total 11 0.3163

There 18 8 significant diffarence between fluidized bed incineration, cament stabdil izstian,
snd kiln dust stabilization trsatments,

Analysis of Variance for Barium
Conparison Between Fluidized Bed Incineration and Cement Stabdilizetion

Dagrees Sua of Criticsl
Source of fresdon Squmres Masen Squares F Retio F Vslue
Setween Groups 1 0.0114 0.0114 13,3108 4,74
Within Groups ? 0.0080 0.0009
Tatsl 8 0.0174

There 18 & significant di ffarencs between the fluidized ded incinsretion snd cement
stabilizetion trestmants; fluidized ded incineration treatmant {s batter then
cament stebdilizetion treatment,
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TABLE G~8 (Continued)
ANALYSIS OF VARIANCE RESULTS FOR COMPARING FLUIDIZED BED
INCINERATION AT PLANT A AND STABILIZATION AT PLANT I°

Anstysis of Variencs for Barium
Comparison Between Fluidized Bed Incinersetion end XilLn Dust Stabilizetion

Osgress Swa of Criticat
Source of freedoms Squa res Maen Squeres F Retio F Vel ue
Between Groupe 1 0,008 0.0043 2.9%89 4,10
Within Gl'oupl 10 0.0148 0.0018
Totel 1M 0.0188

Thers is not & significent di fference betwesn the fluidized bed inctneretion end kiln
dust estebil{ization trsstments,

Anslysis of Veriance for Barium _
Comparison 8s twesen Camsnt end Kiln Dust Stsdil ization

_ Osgrees Sw of Critical
Sourcs of fresdon Squarsse Mean Squarss F Ratio F Vslus
Ba tween Groupse 19 0.1284 0.1281 1517 08214 ?7.7¢9
Within Groupe 4 0.0003 0.0004
Total s 0.1288

" Thers fs @ signtficant di Pference betwsen the camsent stebflization end kiln dust
stebilization treastmante; kiln dust stebilization tregtment is better then cament

stabil{izetion trestasnt,
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TABLE G=6 (Continued])
ANALYSIS OF VARIANCE RESULTS FOR COMPARING FLUIDIZED BED
INCINERATION AT PLANT A AND STABILIZATION AT PLANT [ -

Anslysis of Variance for Chramium (totsl]
Comparison of ALl Four Trestments

Degress Sum of . Ceitical
Source of freedom Squeres Maen Squares F Retio F Velue
Betwssn Groups 3 0.9088 0.3023 74,0822 3.59
Within Groupe 11 0.0448 0.0040
Totsl 14 0.9814

There 19 8 significant diffsrence between the four tresstmente; L(ime snd fly ssh
stabil ization {e best,

Anslysts of Variance for Chromium (totel)
Comparison of Fluidized Bed Incineration, Cament Stabilization, snd Kiln Oust Stabilization

Osgrees 9w of Critical
Source of freedom Squares en Sqguares F Ratio F Vatue
Be tween Groupe 2 0.0438 0.0218 3.,1589 4,28
Within Sroupe 9 0.0380 0.0048
Totst 11 0.0813

Thers 18 s significant difference betmesn Pluidized bad incineration, cement atebilizetion,
and kiln dust stedilization treatments.
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TABLE G=6 [Cont{nued] .
ANALYSIS OF VARIANCE RESULTS FOR COMPARING FLUIDIZED BED
INCINERATION AT PLANT A AND STABILIZATION AT PLANT I°

Anslyeis of Varisnce for Chramium {totsl)
Comparison Between Fluidized B8ed Incineration end Cemant Stebtlizstion

Degrees Sum of Critical
Souras of freedom Squares Maasn Squaree F Retio F Value
Between Groups 1 0.0741 0.0741 1.7388 S.59
Within Groups 4 0.2584 0.0420
Total 8 0.3728

There 1s nat e significant di ffarence betwesn the fluidized bed {noineration and cement
stabilizetion treatmante,

_ Anslysie of Verience for Chramium (totel)
Comparison Between Fluidized BSed Incineretion end Kiln Dust Stabilizstion

ODagrees Sum of Critical
Source of freadom Squares Maan Squarss F Ratio F Vealus
Bstween Groupe 1 0.2808 0.2808 6,884 4.98
Within Groups 10 0,378 0,0378
Totel 11 0.6978

Thers 18 & stgnificant difference the between fluidized bad i{natneration and kiln
dust stadbilization treatments] . kiln dust stabilizstion trestmmnt {s besttsr then
fluidized tad incineration treatment,
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TABLE G=8 (Continued)
ANALYSIS OF VARIANCE RESULTS FOR COMPARING FLUIDIZED BED
INCINERATION AT PLANT A AND STABILIZATION AT PLANT E

Anslysis of Variancs for Chromium [total)
Comparison SBetween Cament snd Kiln Dust Stebiljizetion

ODsgress " Sum of Critical
Souroe of fresdom Squa res Maan Squares F Retto F Velus
Betwasn Groups 1 0.0088 0.0008 11.0873 7.74
Within Groupe 4 0.0033 0.0008
Totsl -] 0.0128

Thers 18 8 significant diffsrence between the csment stabil{ization snd kiln dust
stabilizetion trestments; kiln dust stedilizetion treetment {s bettar then cCement
stabilimtion trestmant,

Anslysis of Varience for Copper
Campsrison of ALl Four Trestments

Oagrees Sw of Critical
Source of freedoms Squares "esn Squares F Ratto F Velus
Be tween Groups 3 9.0788 3.0e82 14,3082 3,59
Within Groups 11 2.332 0.2118
Total 14 11.4017

There 18 & significant di ffarence batssen the four trestmentss fluidized bed {ncinsrstion
i{s woret,
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TABLE G~8 (Continued)
ANALYSIS OF VARIANCE RESULTS FOR COMPARING FLUIDIZED BED
INCINERATIDN AT PLANT A AND STABILIZATION AT PLANT I.

Anslysis of Variance faor Copper
Comperisaon of Cament, Kiln Dust, snd Lime and Fly Ash Stabilization

Degress Sum of ' Critical
Source of freedon Squares Mean Squares F Ratio F Value
Between Groupe 2 0.1413 08.0707 0.16823 S.14
Within Groups 8 2.3082 8387
Total ] 2.4873

There 18 not ¢ significant di ffarence beatween cament, kiln dust, end Lime and fly
ash atabilization treatments.

Anslysts of Varience for Niciel
Caparison of ALl Four Trestmante

Osgrees Sw of Critical
Source of fresdom Squares Masn Sgquares F Retio F Vatus
Be tween Groupe 3 0.0308 0.0189 1.2800 3.50
Within Groupse 1 0.1484 0.0432
Totel 14 0.1982

There is not s signifiocant di fference batwsen ths four tresteents,

Anslysis of Verisnce for Selsnium
Comparison of All Four Treateents

Oagress Sum of Critical
Source of fresdoa Squares Maen Squmres F Retio F Vet us
Betwsen Groups 3 8.5729 1.8574 0.890 3.39
within Groups 1 a.9m24 0.2003
Total 14 8.33@

Thars s & significent difference Datwssn the four trestment} flutdized bed incinsretion
{ie woret,
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TABLE G~8 {Continuad]
ANALYSIS OF VARIANCE RESULTS FOR COMPARING ALUIDIZED BED
INCINERATION AT PLANT A AND STABILIZATION AT PLANT I

Anslysis of Variance for Selenium
Compsrison of Cement, Kiln Dust, end Lise and Fly Ash Stabtlization

Degrsee . Sua of Critical
Sourcs of fresdom Squaree Meen Squaree F Retio F Value
Between Groupe 2 2.0018 1.0007 93.4250 s.14
Within Groupe 9 0.0843 0.0107
Totel 8 2.0887

There 10 » significant diffarencs bestween cement, kiln duet, and Lime end fly ash
stabilization treatmente,

Analystie of Veriancs Por Selenium
Camparison Between Cament end Kiln Duet Stabilizetion

Osgrees Sum of Critical
Sourcs of fresadom Squmrss Maan Squaree F Ratio F Value
Betwsen Sroups 1 0.7902 0.7102 168.3701 7.7
within Groupe 4 0.0172 0.0083
Total | 0.7274

There 1e e significant difference beatween the cement stabdilizetion end kiln dust
stebilization trestmente) cament etabilization trsatment ie bagter than kiln duyet
stabtlizetion treatmant,
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TABLE G~8 (Cantinued)
ANALYSIS OF VARIANCE RESULTS FOR COMPARING FLUIDIZED BED
INCINERATION AT PLANT A AND STABILIZATION AT PLANT I

Anelysis of Veriancs for Selenium
Comparison Between Cament and Lime and Fly Ash Stadilizetion

Degrsee Sum of Critical
Sourca of freedom Squaree Meen Squareses F Retto F Valus
Batween Groupe 1 0.0002 0.0002 29,2847 7.7
Within Groupse 4 0.0000 0.0000
Totel S 0.0002

There 18 o significant di fference beatween the cament stabilizetion snd Lime end fly
esh stadilization treatments; Lime end fly esh etabilization treatmsnt {e better
then cament stabilizetion trestment,

Ansiysie of Verisnce for Selenium
Comperison Between Kiln Oust end Lime and Fly Ash Stabilization

Dagrees Sum of Critical
Source of freedom Squmres Msan Squares F Ratio F Value
Betwoen Groupe 1 1,8783 1.8783 148,8408 7.7
Within Groups 4 0.0831 0.0138
Total ] : 2.0204

There 1a @ eignificant di fference between the kiln dust stabilizetion and Lime end
fly esh stedilizetion trestaents; (ime end fly eeh etadilizmtion trestmeant te
better then kiln dust etabil{zaticon trestment,
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TABLE G—-8 {Continued)
AMALYSIS OF VARIANCE RESULTS FOR COMPARING FLUIDIZED BED
INCINERATION AT PLANT A AND STABILIZATION AT PLANT I

Anslysis of Varisnca for Vamadium
Camparison of ALl Four Treatments

Osgrees Sua of Ceitical
Source of freedom Squares Mean Squares F Ratio F Vslue
8e tween Groupe 3 22.2778 7.4209 720.1428 .59
Withtn Groups 11 0.1134 0.0103
Totel 14 22.3910

There is s signiftcant di ffarence betssan the four treatments; Lims and fly seh
stabilization {s best,

Analysis of Varience for Vensdium
Comparison of Fluidized Bed Incinsration, Cament Stabilization, snd Kiln Ouat Stabiltzation

Osgress Sua of Crittcal
Source of fresdom Squares Msan Squares F Ratio F Value
Satwmen Groups ] 9.098m 4,888 28,5108 4,28
Withtn Groups 9 1.508 0.1742
Totel 11 11.5088

There ts s significant df ffarences betmeen fluidized bed fncinarstion, cement stabilizetion,
snd kiln dust stebilization trestaments,
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TABLE G=6 (Continusd]
ANALYSIS OF VARIANCE RESULTS FOR COMPARING FLUIDIZED BED
INCINERATION AT PLANT A AND STABILIZATION AT PLANT I

Anslysis of Varisnce for Vanadium
Comparison Between Fluidized 8ed Incinsration and Cement Stabilizetion

Dagress Sum of Critical
Source of freedom Squa res Msan Squares F Ratio F Velus
Between Groupe 1 0.2%558 0.2888 8.5041 4,98
Within Groupe 10 0.3782 0.037¢
Total 11 0.8378

There 10 o esignificant difference batween the fluidized bad incineretion end cement
stabilization treetments] cemant etebilization treatment is batter then fluidized
bad incinsretion trestment,

Anslyeis of Vaeriance for Venedium
Camperison Betwesen Fluidized 8ed Incinerstion snd Kiln Ouet Stabilizmtion

Osgrees Sum of Critical
Source of fresdos Squares Maan Squerss F Ratio F Velus
Batween Groups 1% 00,0741 0.0741 1.7368 5.58
within Groupe 4 0.2884 0.0488
Total 8 0.37”

There 1e not o significant di ffarsnce betwesn the fluidized bad inoinerstion end kiln
duet otabilization treatmanta,
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TABLE G-8 {Cantinued)
ANALYSIS OF VARIANCE RESULTS FOR COMPARING FLUIDIZED BED
INCINERATION AT PLANT A AND STABILIZATION AT PLANT I.

Anslysis of Variancs for Vansadium
Comparison Batween Cament and Kiin Dust Stebiiization

Degreas Sum of Critical
Source of freedom Squares Maan Squsres F Retio F Velus
Between Groups 1 0.0820 0.0820 12.4084 7.7¢
Within Groups 4 0.0200 0.0080
Totsl L | 0.0820

There 10 8 significant difference batween the cemsnt stabilization end kiin dust
stabil {zetion treetments; csment stadilizetion treatment ie better then kiln duet
stebilization treatment,

Analysis of Varience for Zinc
Conpsrison of ALl Four Treatmsntse

ODsgrese Sw of Critical
Sourcs of freedom Squares Mean Sguares F Ratlo F Velue
Be tween Groups 3 2.3@1 0.8480 10.0711 3.98
Within Groups 11 0.8274 0.0043
Totel 14 3.4048

There 1s e significant difference betmesn the four trestments; fluidized bed 1ncinsretion
1s woret,
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TABLE G~6 (Continued)
ANALYSIS OF VARIANCE RESULTS FOR COMPARING FLUIDIZED BED
INCINERATION AT PLANT A AND STABILIZATION AT PLANT T

Anslysis of Varience for Zinc
Comparison of Cement, Kiin Dust, and Lims end Fly Ash Stabitization

Dsgrses Sum of Ceitical
Source of fresdom Squares Maan Squares F Retio F Velue
Beatwean Gl‘oupl 2 0.0028 0.0013 2.4124 S.14
within Groupe 8 0.0032 0.0008
Total 8 0.0087

There 1o not o eigni ficant di fference between cement, kiln duet, end Lims end fly esh
stebilization treatmnte,
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Table H.1:

Table H.2:

Table H.3:

Table H.4§:

Appendix H

DETECTION LIMITS FOR UNTREATED WASTES

Detection
samples -

Detection
Samples -

Detection
samples -

Detection
samples -

limits for
Kous.

limits for
K049,

limits for
KO51.

limits for
K052.

the dewatered DAF float

the slop oil emulsion solids

the API separator sludge

the leaded tank bottoms



TABLE H.13

DETECTION LINITS FOR THE DEWATERED DAF FLOAT MIXTURE SAMPLES

Detection
BDAT CONSTITUENT Limft

VOLATILE COMSTITUENTS (ppm)
1 Acetonitrile 70
2 Aorolein 700
s Aorylonitrile 70
4 Banzenes 14
6 Bromodichlorome thana 14
8 8romomethens 14
? Carbon tetrachloride 14
8 Carbon disul fide NB
8 Chlorobanzene 14
10 2-Chloro-1,3-butadisns 14
11 Chlorodibromoma thans 14
12 Chlorcathans 14
13 2-Chloroethyl vinyl ather NB
14 Chlorofora 14
18 Chloromsthene 14
16 3-Chloropropens 14
17 1,2-Dibromo-3-chloropropans 14
18 1,2-Dibromoethans 14
19 Oibromomethans 14
20 Trene-1,4-dichloro-£2-butene 70
21 Oichlorodi fluoromethans 14
ee 1,1-Dichlarosthsne 14
23 1,8-Dichloroethene 14
24 1,1-Dichloroathylens 14
26 Trans-1,2-dichloroethens 14
28 1,2-Dichloropropane 35
27 Trans-1,3-dichloropropene as
28 cie-1,3-Dichloropropens 35
29 1:,4Dfoxane NA
30 Ethyl cysnide 700
31 Ethyl methacrylate 14
a2 Iodomethane 14
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Detaction
BDAT CONSTITUENT Limit
VOLATILE CONSTITUENTES (Continued) (ppm)
83 Iscbutyl alcohol 14
k7 ) Hethyl ethyl ketone 70
a8 Hethyl methacrylete 14
a8 Methyl methenesul fonate 100
az Methyleorylonitrile 70
38 Methylens chloride 70
39 Pyridine 200
40 1,1,1,2-Tetrechlorosthane 14
4 1,1,2,2-Tetrechloroethans 14
42 Tetrachlorosthane 14
Q Tolusne 14
a4 Tribromomethens 14
45 1,1,1-Triohloroethans 14
48 1,1,2-Trichloroethane 14
Y4 Trichlorosthene 14
48 Trichloromonof Luorome thane 14
48 1,2,3-Trichlorapropsns 386
50 Vinyl chloride 14
had Acstone 70
hid Allyl esloohal NA
b Ethyl benzens 14
had Ethylens oxide NA
b 2-Hexanone 70
g Matononitrile NA
hid 4o thy L-B-pentanone 70
had 2-Propyn-1-ol NA
b Styrene 14
had Trichloromethansthiol NA
had Vinyl scetate 14
. Xylena (total) 14



TABLE H.9: DETECTION LIMITS FOR THE DEWATERED DAF FLOAT MIXTURE SAMPLES (Continued)

Detection
BDAT CONSTITUBNT Liait
SENIVOLATILE CONSTITUENTS (ppm)
81 Acsnepthelens - 20
s2 Acenapthene 20
83 Aocstophenone 20
84 - 8-Acetyleainofluorens . NA
68 &-Jminobiphenyl 20
66 Aniline 60
87 Anthreocens 20
68 Areafite _ NA
68 Benz(e)enthreocens 20
60 Benzenethiol NA
81 Banzidine 20
ae B8enzo(e)pyrene 20
63 Benzo(b)fluorenthane NA
84 Banzo(g,hei)perylens 60
86 Benzo(k)fluorenthene 20
88 p—8Benzoquinone NA
.4 B81s(2-chlorocsthoxy)ethens . 20
. ] Ble(2—chloroathyl)ether 20
a8 B8is(2-chloraisopropyl )ether 20
70 Bis({2-ethylhexyl}phthalate 20
7 4-8romophenyl phenyl ether 100
72 Butyl benzyl phthalete 20
73 2-eesc—8utyl-~4,8-di nl trophenol ) NA
74 p—Chloroaniline ‘ 50
75 Chlorobanzilate NB
78 p-Chloro—e—cresol 6D
77 2-Chloronaphthalens 20
798 2-Chlorophenol 20
78 3-Chloropropionitrile NA
80 Chrysene 20
81 ortho—Cresol 20
a2 para—~Cresol 20
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Detaction
BDAT OCONSTITUENT Limit

EMIVOLATILE CONSTITUENTS [Continued) {ppm)
a3 Dibenz(a,h)anthracene 20
84 Dibenzo{e,e)pyrens NA
8s Dibenzole,i)pyrens NA
88 s-Oichlorobenzene 20
a o-Dichlorobenzene 20
a8 p-Oichlorcbenzens 20
a9 3,3'-Otohlorobenzidine 100
80 2,4Dichlorophsnol 60
)] 2,8-Dichlorophenol 60
ag Diethyl phthalste 20
3,9'-Oimethoxybenzidine 100
84 p~Oimethy leminoszobanzans 60
85 8,3'-Dimethylbenzidine NA
28 2,4 Dimethylphenol 60
a7 Ofmethyl phthalsts 20
o8 Di—-n-butyt phthalate 20
28 1,4 0initrobenzans 100
100 4,6-Dini tro—o—cresol 600
104 2,4-D1 ni trophanol 600
10 2,4Dinitrotolusns 600
109 2,6-Dini trotoluens 100
104 Df-n—ootyl phthalete 20
106 Di{-n-propyinitrosamine 60
108 Diphenytsmins 20
107 1,2-Diphanylhydrazine 20
108 Fluorsnthsne 20
1089 Ftuorsns 20
110 Haxsohlorobanzene 100
111 Hexschlorobutadiene 100
112 Hexachlorocyclopentadiane 100
113 Hexechloroethane 100
114 Hexachlorophene NA
115 Hexechloropropene 100



TABLE H.13 DEVECTION LINITS FOR THE DEWATERED DAF FLOAT MIXTURE S8AMALES (Contfnued)

Detection
GDAT COMSTITUENT Limit
SENIVOLATILE CONSTITUENTS (Continued) (ppm)
118 Indeno(1,2,3-0cd)pyrens » 50
112 Isosafrole ' NA
118 Methepyri lene NB
118 3-Methylcholenthrens NA
120 4,4'-Hethylensbis(-chlorosniline) NA
121 Nephthsl ene 20
122 1,4Naphthoquinone ) 20
123 1-Nephthylamsine 20
124 2-Nephthyleaine 20
126 p-Nitrosnitine ' 100
1e8 Nitrobenzsne 60
127 &Nitrophenol . 100
128 N-H{trosodin-butyleains 50
1e8 N-Hitrosodiethylansine 100
130 N-N{trosodimsthylemine 200
131 N-Hitrosamethylethylamine NA
132 N-Nitrosamorphol ine 100
133 N-N{itrosopiperidine 100
134 N-N{trosopyrrol idine 100
135 61 tro—o—-toluidine NA
1388 Pentechlorobenzene 100
19 Pentechiorosthans 100
138 Pentechloroni trobenzens ‘ 100
139 Pantechlorophanol 500
140 Phanacetin 20
14 Phenanthrene 20
142 Pheanol 20
149 2-Picoline 200
144 Pronamide 100
145 Pyrene . 20
1497 Safrole NB

148 1,2,4,6-Tetrachlorobsnzena 50



TABLE H.1s DETECTION LIMITS FOR THE DEWATERED DAF FLOAT MIXTURE SAMPLES (Continued)

Detection

BOAT CONSTITUENT Limit
SEMIVOLATILE CONSTITUENTE {Continued) (ppm)
148 2,9,4,6-Tetrachloraphenol 100
150 1,2,4-Trichlorobenzense 50
161 2,4,6-Trichlorophenol 100
162 2,4,6-Trichlorophenol ’ 100
L Benzoic scid 500
b Besnzyl slcohol 50
bad &Chlorophanyl phanyl sther 50
b Dibenzofuren 20
b Dibenzole,h)pyrene NA
b 7,12-0imathylbenz(e)anthracans 50
b slphe,slpha-Dimathylphanathyleaine : 100
b Isophorone 20
Lid 2-Me thy Lnaphthalens 20
b 2-Nitroaniline 100
b S-Nitroeniline 100
e 2-Ni trophanol 100
hdd N-N1{trosodiphanylsaine 20
METALS (ppm)
164 Antimony . 8
166 Arsenio . 0.3
158 Barium 0.8
167 Beryllium 0.1
168 Cadmnium 0.3
168 Chromium, hexavalent 0.05
159 Chramium, totel 0.8
180 Copper 1
181  Lead 5
162 Mercury ) 0,02

163 Nickel 2



TABLE H.11 OETECTION LIMITS FOR THE DEWATERED DAF FLOAT MIXTURE SAMPLES (Continued)

Datection
SDAT QDNRSTITUSKT Liaft
METALS (Continued) (ppm)
184 Selenium 0.3
168 Silver 0.9
168 Thallium 0.2
167 Vanad{um 2
168 Zino 0.0
b Aluminum A 20
L Calcium ;]
s Cobal t 1
L Iron 3
oo Magnesium 20
Lad Manganess 0.3
b Potassium 28
oo Sodium 0
* Tin 50
188 TOTAL CYANIDE (ppm) 0.1
174 SULFIDE (ppm) 60

N8 = The compound wes searched uaing an NBS Librery datebase of 42,000 compounds,

NA = The stendard {8 not eveilable; the compound wes searched using an NBS Llibrary
datebass of 42,000 compounda. ’

%¢ = Thie conetituant {8 not on the List of conatitusnte in the BENERIC QUALITY
ASSURANCE PROJECT PLAN FOR LAND DISPOSAL RESTRICTIONS PROGRAM [“BDAT"),
EPA/B30-6W-87-011, March 1887, It is s ground—water monitoring constituent as
tieted In Appendix IX, Page P8838, of the FEDERAL REGISTER, Vol. 61, No. 142.



TABLE #,2:

DETECTION LIMITS FOR THE SLOP OIL BMULSION SOLIDS SAMPLES - K049

R _ N
Oetection
BOAT CONSTITUBNT Lieft
VOLATILES {pom)
1 Acatonitrile 1000
2 Acrolein 1000
3 Aarylontitrile 1000
4 Bsnzene 30
L] Sromodt chi orame thene S0
8 Sraaanethens 100
? Carton tetrachioride S0
8 Cardon disul fide 80
9 Chiorobanzans 30
10 2=Chioro= ;3=butadiene 1000
1 Chi orodi brancme thens ")
12 Chioroethene 100
19 2-Chiorocetiyl vinyl ether 100
14 Chiorofors s
13 Chioramethane 100
18 3=Chioropropene 1000
17 1,2=01 bramo~3=chloropropane 1000
10 1,2-01bramosthane S0
19 Didromcme thane S0
20 Trens ,4~di chloro~@=butane S0
21 D1 ohiorodi fluorome thane 1000
K 1,901 chi orcethane 100
as 1,2=01chlorce thane 30
24 1,1<0tchioroethylens S0
28 Treng ,2=d1 ohi oroethens 50
8 1.2-0t chioroprepane S0
74 Trens 1 (3=d1 chisrepropens s0
a8 ot o ,3=01 chi creprepene 50
1] 1 1=Clemmne 2000
0 Etwyl eyanide 1000
N Ethyl sathacrylate 1000
k- Iodame thene S00
a3 Isobutyl sleshel 2000
34 Methyl ethyl kstome 100
as Mashyl sathacrylete 1000
30 Nethyl ssthenesul fonats L
7 Mathylecrylonttrile 1000
38 Methylens chloride 30
3 Pyridine 4000
« 4,4,%,2=Totrechiorosthane S0



TABLE H.2:

OETECTION LINITS FOR THE SLOP OIL EMULSION SOLIDS SAMPLES - X049 (Cantinued])

_ - - - ]
Detection
BOAT CONSTITUENT Liait

VOLATILES {Continued) {pps)
4 1,1,2,2=Tetraohiorosthane S0
4Q Tetrachloroethene S0
43 Tolusne 50
a4 Tribronane thene S0
48 1,1,1=Trichi orcethene S0
L 1,1.,2=Trichioroethane 30
Q Trichlorosthene 50
48 Trichioranonof Lucranethane S0
48 1,2,3=Trichicropropense %0
S0 Vinyl chioride 100
L Acstane 100
i Eghyl denzens S0
bl =g anone 100
Ao 4=Mathy l-@=pentanone 100
se Styrene : S0
so Vinyl scetats 100
- Xylene(tatel] S0
SEMIVOLATILES {pom)
51 Acsnephthelens «Q
L Acormaphthene ]
33 Acs togh enone ]
g4 2=-Acaty Laninafluorene |
8 &=Aninabi phenyl 40
58 Antline Q0
74 Anthracene 0
se Aremite NA
59 Serz{e)unthrecens 0
L] Seassnasthi ol L
)] Samzidine 200
e Senzol{e)pyrens &
-] Benzo(d)flucrenthens «
64 Senzo(g,het )perylene ]
o8 Ssrma( k) Pluerenthens L
[ ] p~Sanzogqui none ND
1 31 o(B=chiorasethoxy ethens QO
] B1e(2=chioroethyijether &

i~-10



TABLE H,2: DETECTION LINITS FOR THE SLOP OIL EMULSION SOLIDS SAMALES - KD49 (Continusd)

E - - .- -1
Detection
BOAT CONSTITUENT Limit

SEMIVOLATILES (Continued) {ppm)
a9 81e(2=chioroisopropyl]ether QO
70 8te{2=gthylhexyl)phthalace 40
71 &Bramophenyl pheanyl ether [ ]
72 Butyl benzyl phthelats 40
738 2=sec-Buty L=4,0=dt ni trophenol 200
74 p=Chiarosniline QO
78 Chiorcbenzilate NA
78 p~Chioro~e~cresol £
77 2=Chiaronephthalene 0
78 2=Chiorophencl @
79 3=Chiloropropionitrile NA
@ Chryeans @
o artho=Cresol 8
[ pare=Cresol QO
a Dibenz(esh]enthrecens «Q
84 Diberzo(e,e)pyrens Ng
as Divenzo{e,i)pyrene NA
s =0i{chlorobanzens 8
.74 o~01 chi arobenzene 8
s p~Oichiorobanzens &0
a9 3,3'-01chicrobeneidine a
0 2,4~01chicroghenol L]
" 2,80-0tchiorophenet L)
- Diethyl phthaiate «Q
-] 3,3 '-01esthoxybenzidine &8
[ 7 p~01methy Lanincaschenzene 0
] 3, 3'-Oiastiwibemsidine L)
98 2,401anshy lphensl 80
” ‘Dtesthyl phthelsse «©
- Oi=a=butyl phthelate L]
98 4 =01 ni trobanzane 200

100 4,0-01n1 sro—o-cressi 200
10 2,/4=D1ni trophenel 200
108 2,4=01n1 trotol vens L]
103 2;80~01ni trototusne QO
104 Of-r=ootyl phthelats «Q
108 Di=r=progylnt trosamine 80
100 Diphenylamine 20
107 1,2=0t pheny L hydrazine 200

H-11



TABLE H,2: OQETECTION LIMITS FOR THE SLOP OIL BMULSION SOLID3 SAMPLES - K048 (Continusd)

S e A = I

. Detection
BDAT CONSTITUENT Limit

SEMIVOLATILES (Continued) {ppm)
108 Fluorenthene 40
108 Fluorene 40
110 Hexachlorobenzane 0
111 Hexaonh{orobutad! ene ]
118 Hexaghiorocyciopentadiens ? ]
113 Heaxaohiorcethene 40
114 Hexachi oroghene NA
118 Hezaoh| oropropene nO
118 Indena( 1,2 ,3=0d)pyrens 0
117 lecemfrole a0
18 Methapyrilens L] ]
118 J=Methylchalenthrens a0
190 4,4'=Mathylenetis{R=chioroantiine) 0
121 Nephthel ene 40
128 1 ,Nephthoquinone NA
129 1=Naph thy Lanine 200
124 2=Maphthylamine 200
138 p=Nitroaniline 200
120 Nt trobsnzene 0
1 &N1itroghencl 200
188 N=N1 trosodi-n=butylasine NOD
129 N=N1trosadiethylanine NO
130 =1 trosodimethylamine QO
1 N=H{ troscme thy Lothy Lasine 0
158 N=N{trosamorphel ine a
133 N=N{ trosopi paridine QO
134 N=N1{tresapyrrel i dine 200
198 5= tro~o~toluidine a0
138 Peontashi srobenasne N0
137 PentashLareethens NA
138 Pentachloreni tredonzene 400
19 Pentachloroghenol 200
10 Phemantin a0
in Phemanthrens ]
1. Phenol «
14 2~Plecoline 0
144 Pronamide ]
148 Pyrene 0
168 Resscrotinol NA

H-12



TABLE H,2: DETECTION LIMITS FOR THE SLOP OIL BWLSION ST.IDS SAMPLES - KD49 [Continued)

w .
Detsction
B8DAT CONSTITUENT }Li-it
SEMIVOLATILES (Continued) (ppm])
19 Sefrole 200
148 1,2,4,8=Totrachlorobenzane a0
149 2,3,4,8=Tetrachl orophanol ND
150 1,2,4~Triochiorobenzene S0
151 2,4,5=Trichlorophenol 100
152 2.,4,0-Trichiorophenol 40
12 Tris(2,3=ctdromopropyl) phosphate ND
had Benzoic ectd 200
se Berzyl sloohol 0
oo &Chiarophenyl phenyl sther 0
se Didanzafuren -0
L Otbenzole,h]lpyrens NS
s 7,12-01aathylbanz(a)enthrecene ND
e slpha,elphe~01methy (phenathylenine N
g Isophorone 0
L Melonitrile NA
g 2=Machyinephthalene 0
g 2-Mitroaniline 200
bl 3=Nitroaniline 200
oo 2-M1 traphenel 400
ee N=i1{ trosodi phanylamine QO
NETALS (ppm)
184 Antimony 3.2
158 Arsante 2.0
199 Sart 0.1
‘987 Seryliimm 8.1
158 Geiw 0.4
188 Chrontum, totel 0.7
101 Coppar 0.8
188 Lesd S.1
183 Mercury 0.2
164 Nicksl 1.4
198 Seleni 8.0
168 Stiiver 0.8
19 Thelliwm 1.0
188 Venedtius 0.8
100 Zine 8.2

H-13



TABLE H,2: OETECTION LINITS FOR THE SLOP OIL EMULSION SOLIDS SAMPLES - K048 (Continued)
e .

Detection
B80AT CONSTITUENT Limit
INORBANICY (ppm)
170 Totsl Cyenide 0.3
174 Fluoride 1.0
172 Sul f1de 0.5

k. ________________________________________________________ ]

NA s Anslyeis cannot be done by sethod 8270 et this time dus to 1madegqumts
recoveries in Leboretary QA/QC snelyses, .

ND = Not datected, sstimstad detection Limit hes not been daterwmined,

NS = The stendsrd ie not sveilable; the compound wee sesrched using en NBS Library
datebtase of 42,000 oompounds,

++ » Totsl xylene 1s the totsl result for artho=Xylens, sate=Xylens, snd pare=Xylene
with CAS numbers 90~G=8, 100~30-3, and 108-42-3, respectivaly,

*® = This constitusnt 18 not on the Liat of conatituants in the GENERIC QUALITY
ABSURANCE PROJECT FLAN FOR LMD DISPOSAL RESTRICTIONS PROBRAN ("BDAT"),
EPA/S30-00~7~011, March 18@. It is a ground~wetar acnftaring conati tuent as
Listed 1n Agpendix IX, Page 20038, of the FEDERAL REGISTER, Vol, 51, Neo, 143,

H-14
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TABLE H.3s

DETECTION LIMITS FOR THE AP] SEPARATOR SLUDGE SBAMPLES

Dstaction
BDAT CONSTITUENT Liait

1 Acstonitrile 70

2 Acrolein 700

3 Aorylonitrile 70

4 Benzene 14

8 Bromodichloromethans 14

6 Bromome thans 14

7 Carbon tetrachlorids 14

8 Carbon dieulfide NB

8 Chiorcbenzene 14
10 g-Chloro-1,3-butediene 14
11 Chlorodibromomethens 14
12 Chioroethens 14
193 2-Chioroethyl vinyl sther NB
14 Chlorofora 14
15 Chloromsthane 14
18 3-Chioropropene 14
17 1,2-Dibromo-3—-chloropropene 14
18 1,2-Dibramosthene 14
19 Dibromone thane 14
20 Trene-1,4-dichloro-2-butens 70
21 Dichlorodi fluoromsthane 14
ee 1,9-0Dichlorosthans 14
23 1.,2-0ichlorosthane 14
24 1,1-Dichlorosthylens 14
e6 Trens-— ,2-dichlorosthena 14
26 1,2-0i1chlorcpropans 3as
27 Trens— ,3-dichloropropene as
e6 cis1,3-Dichloraopropana 35
20 1,4 01oxane NA
ki) Ethyl cyenide 700
31 Ethyl methecrylate 14
32 Iodome thane 14



9T1-H

TABLE H.33

DETECTION LIMITS FOR THE API SEPARATOR SLUDGE SAMPLES (Continued)

Detection
BDAT CONSTITUENT Limit
VOLAYILE CONSTITUENTS (Continued) (ppm)

83 Isobutyl alcohol 14
34 Methyl athyl ketone 70
as Methyl msthecrylete 14
38 Mathyl asthanssul fonate 100
a8z Methylacrylonitrile 70
] ] Mathylene chloride 70
39 Pyridine 200
40 191¢1,2-Totrechloroathans 14
41 1,1,2,2-Tetreachlorcethane 14
42 Tetrachlorosthene 14
43 Toluane 14
44 Tribromaomethene 14
45 1,1,1-Trichlorosthens 14
8 1,1,2-Trichloroethans 14
Q9 Trichlorocsthene 14
48 Teichloromonof Lucrome thane 14
49 1,243-Trichloropropene 356
50 Vinyl chloride 14
*® Acstone 70
b Allyl elcohol NA
b Ethyl benzenes 14
b Ethylens oxide NA
*® 2-Hexanone 70
e Malononitrile NA
b 4-Methy l-2-pentanone 70
b 2-Propyn—1-ol NA
b Styrens 14
LA Trichloromathanethiol NA
b dd Vinyl eostate 14
L dd Xylene (totel) 14



LT-H

TABLE i.3s SCTECTICH LINITS TUN THME ADY SCDADATAD 1 INRE RAMPIFA [Cantinuad)

-

Detection
BDAT CONSTITUENT Liait
SENIVOLATILE CONSTITUENTS (ppa)
59 Acenapthelene 20
(] Acenspthens 20
63 Acstophenons 20
54 2-Acetylaainof Lluorens NA
.1 4-Aainobiphenyl 20
58 Aniline 50
67 Anthreosne . 20
68 Aramite NA
1] Benz(e)enthrecene . 20
eo Benzenethiol NA
a1 Benzidine 20
e Benzo{elpyrens 20
83 Benzo(b}fluarenthene NA
84 Banzo(g,h,t)perylens ' 50
85 Benzo(k)fluoranthens 20
88 p—Benzoquinone NA
87 B8ie(2-chlorcethoxy)ethene 20
68 B8is({2-chlorosthyl)ether ’ 20
es Oie(2-chlaraisapropyl)ether 20
70 81s(2—-sthylhexyl)phthelate 20
7 4-8romophenyl phenyl ether 100
7e Butyl benzyl phthelate 20
73 £-ssc-ButyL-4,8-dini trophenol NA
74 p-Chloroaniiine 50
75 Chlorobanzilate N8
78 p-Chloro-a—cresot 50
77 2-Chtoronaphthelens 20
78 2-Chlorophanol 20
78 3-Chioropropfonitrile NA
a0 Chrysense 20
a1 ortho—Cresol 20
82 pera—Cresol 20



g1-H

TABLE H,33

DETECTION LIMITS FOR THE API SEPARATOR SLUDGE SAMPLES ({Continued)

Detection
BDAT CONSTITUENT Limit

SEMIVOLATILE CONSTITUENTS (Continued) (ppm)
<] Dibsnzle,h)enthracens 20
a4 Oibenzo{a,elpyrens NA
85 Dibenzo(a,i)pyrens NA
88 a-Dichlorobanzane 20
14 o-ODfohlorcbenzens 20
88 p—Oichlorobenzens 20
an 3,3'-Diohlorobenzidine 100
80 2,4-0Dichlorophanol 50
o1 2,8-Dichlorophenol 60
82 Oiethyl phthalate 2o
<) 3,3'-Dimsthoxybenzidine 100
04 p-Dime thy laminocszobenzens 50
86 3,3'-Dimsthylbenzidine NA
08 2, 4-Dinethyphenol 50
:74 Dimethyl phthelate 20
a8 Di—n—butyl phthelate 20
a8 1,4D1inl trocbenzene 100
100 4,8-0i ni tro—-o—cresol 600
101 2,401nitrophenol 500
10e 2,4Dinitrotoluens 6500
103 2,8-Dinitrotolusne 100
104 Di—n—cotyl phthelate 20
108 D{-n-propyini trosamine 60
108 Dipheny lemine 20
107 1,8-D1phenylhydrazina 20
108 Fluoranthens 20
109 Fluorena 20
110 Hexachloraobesnzane 100
111 Hexachlorobutediena 100
112 Hexachlorocyclopentadiane 100
113 Haxachloroethana 100
114 Hexachlorophene NA
115 Hexachloropropene 100



6T-K

TaDI - 2.
e srgww

ACTONTINUN | TMITR £N0 THE ADT QEDARATNR A1 INAF SAMA F] [Cantinuad)

Detection
BOAT CONSTITUENT Limit
SEMIVOLATILE CONSTITUENTS (Continued) (ppm)
118 Indeno(1,2,3-cd)pyrene 60
11 Teocsafrola NA
118 Methepyrilene NB
119 3-#Hethylcholanthrens NA
120 4,4'-Methylensbis(2-chloroenilina) NA
121 Mephthalens 20
1ee 1.4 HNaphthoquinone 20
123 1-Nephthy laaine 20
124 £-Nephthy lamine 20
126 p-Nitroeniline 100
126 Ni trocbenzane 60
12 4-Nitrophanol 100
128 N-N{trosodi-n—butylemine 60
129 N-Nitrosodiethylamine 100
130 N-Nitroeodimsthylemine 200
131 N-Nitroaamathylethylamine NA
132 N-N1itrosomorphol i ne 100
133 N-Nitrosopiparidine 100
134 N-N1trosopyrrolidine 100
136 G-Nitro-o~toluidine NA
138 Pesntechlorobenzene 100
137 Pentechloroethens 100
138 Pentechloroni trobsnzens 100
138 Pentechlorophenol 600
140 Phanece tin 20
141 Phenanthrens 20
142 Phenaol 20
14 2-Picoline 200
144 Pronemide 100
145 Pyrene 20
147 Safrole NB
148 1,2,4,6-Tatrachlorobenzene 50



0Z-H

TABLE H.3:

DETECTION LIMITS FOR THE API GEPARATOR SLUDGE SAMPLES (Continued)

Destection
BDAT CONSTITUENT Liaft
SEMIVOLATILE CONSTITUENTS (Continued) (ppm)
148 2,3,4,6-Tetrachlorophenol 100
160 1,2,4-Trichloraobsnzens 50
164 2,4,6~Trichlorophenol 100
162 2,4,6-Trichlorophenol 100
Ldd Benzofic scid 500
bt Benzyl alcohal 50
oo &Chlorophenyl phanyl ether 50
oo Dibenzcfuran 20
oo Dibenzale,h)pyrens NA
oo 7,12-0t{methylbenz(e)enthracene 50
oo alpha,alphe-Oimethylphenathyleamine 100
A Isophorone 2o
oo 2-Methylnaphthalene 20
i 2-Nitroeniline 100
Lad 3-Nitroaniline 100
oo 2-N1itrophanol 100
A N-N{ trosodi phanylamine 20
METALB (ppm)
154 Antimony 6
155 Arsenic 0.3
168 Barium 0.9
167 Beryllium 0.1
158 Cadmium 0.3
150 Chromium, hexavalent 0.05
1568 Chromium, total 0.9
160 Capper 1
164 Lead 5
162 Mercury 0.02
1683 Nickel 2
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Detection
BDAT CONSTITUENT Limit
METALS (Continuad) (ppm)
104 Selenium 0.4
166 Bilvear 0.9
188 Thellium 0.2
107 Vanadium 2
100 Zinc 0.8
Lad Aluminum 20
b Calcium 8
i Cobalt 1
. Iron 3
s Hagnesium 20
b Manganese 0.3
b Potassium 29
b Sodium e
b Tin 60
168 TOTAL CYANIDE (PPM) 0.1
171 BULFIDE (ppm) 50

£E

databses of 42,000 compounds,
= Thie constituent {e not on the List of constitusnts in the GENERIC QUALITY
ASSURANCE PROJECT PLAN FOR LAND DISPOSAL RESTRICTIONS PROGRAM ("8DAT"),

EPA/530-5w4-87-011, March 1987,

The campound was searched using an NBS library databese of 42,000 campounds,’
Tha atendard {8 not availablej the compound was sasrched using an NB8S Library

It 18 & ground-water monitoring constituent as

Lieted in Appendix IX, Page 2686839, of ths FEDERAL REBISTER, Vol. 51, No, 142,



TABLE W,4: OETECTION LIMITS FOR THE LEADED TANK BOTTOMS SAMPLES - KDS2

22 0 e S S

. Detsction
8DAT CONSTITUENT . Limte
VOLATILE CONSTITUENTS (pom)

1 Acatanitrile 1000

2 Acrolein 1000

k] Acrylonitrile 1000

4 Senzene S0

] Sramodi chi orame thane S0

(] Sromaee thane 100

7 Carbon tatrechlortde 30

8 Carbon disul fide S0

9 Chiorgbenzene 80
10 2=Chioro~ ,3=butadiens 1000
1 Chiorodi dranamethane 30
12 Chioroethane 100
19 =Chioroethyl vinyl ethar 100
1 Chioroform ) s0
18 Chioramethane 100
16 3=Chloropropene 1000
17 1,2-01 bramo~3—chl orapropane 1000
19 1,3-0tbrancethane S0
19 01 bromame thane 30
20 Trane=1 ,4=df chi oro-@-dutane 1000
21 Ot chiorodi fluoramethane 100
% 1,1=01chioroethane . S0
as 1.,2=0tchl orosthane S0
24 1,9-0tchioroethylens 30
as Trane ,@=di chloros thene 30
2 1,2=-01chioroprogpane 80
z Trene=1 y3=d{ chi oropropene S0
20 of 9=1,3=01 chi oropropane 50
4 1,401 o0xane 2000
k| Ethyl cyentids 1000
n Ettwl ssthecrylate 1000
g lodone thene 30
33 Iscbutyl slcohel ‘ 2000
a4 Mathyl sthyl imtens 100
k| hthyl assthacrylate 1000
38 athyl asthenesul fonete N0
3?7 Methylacrylonitrile 1000
3 Methyleons chloride 350
39 Pyridine 4000
0 141,1,2=Tetrachiorosthans 50

H-22



TABLE H.41 DETECTION LIMITS FOR THE LEADED TANK BOTTOMB SAMPLES - KGB2 (Continued)

00 S S =y

. Detection
BDAT CONSTITUENT Limit
VOLATILES {Continuad)
& 1,1,2,8=Tetrachloroethane S0
42 Tetrachiorocsthene S0
43 Tolusne 50
44 Tribercmamethane S0
48 1,1,1=Triohilorocsthans 30
48 1+1,3=Te{ chloros thane 30
& Trichiorcethene sa
a8 Trichioramonoflucrane thane 50
49 1,2,3=Teiohioropropane 50
30 Vinyl ohloride 100
oe Acs tone 100
bid Ethyl benzsne s0
b 2-Hexanone 100
e &g thy L-2-pantanone 100
se Styrsne S0
bad Vinyl acetate 100
- Xylenee (total) S0
SENIVOLATILES {pom)
81 Acangphthelane 1.8
L1 Acsnaphthene 1.8
53 Acatophenonse 3.8
84 2-Acetylamincfluorens : - 3.0
L1} 4&~lmincdi phenyl 3.0
58 Antiline 1.8
14 Anthrucens 1.8
L] Arsmite NA
50 Ssnzl(olenthracene 1.8
L1 Sernzenathiel N0
)] Senzidine 9.0
(-} Serme(a)pyrens 1.8
a3 Sanss{d) flusreanthens 1.0
as Ganse(g,hy!lperylons 1.8
as Ssnze( k) Plucrenthans 1.8
L p=Semzoqut none ND
14 81s(R=ohlorame thoxy)ethene 1.8
ae 8is(2=chiorcethyl]sther 1.8

H-23



TABLE H,41 OETECTION LIMITS FOR THE LEADED TANK SOTTOMB SAMPLES - x(852 (Continued])

E. e e

: - Detaction
80AT CONSTITUENT Limit
SEMIVOLATILES (Continued) (ppm)
89 Bte(2-chlorofeopropyl]ether 1.8
70 B8te(2=ethylhaxyl)phthalete 1.8
71 &~8rcmophenyl phanyl ether 1.8
72 Butyl benzyl phthalate 1.8
73 2=sec-duty l=4,8=di ni trophenol 8.0
74 p=Chiorosnt line 1.8
73 Chiorobenzilate NA
78 p=Chioro=e=cresol 1.8
77 2=Chioronaphthalene 1.8
78 2=Chiorophenal 1.9
79 3=Chioropropionitrile NA
20 Chryssne 1.8
a ortho=Cresol 1.8
- -] pere~Cresol 1.8
a Dibenz{s,h)enthracens 1.9
84 Dtbenzolese)pyrens NS
-] Dibenzole,1)pyrene : " NA
a8 =0{chlorobenzens 1.0
214 o=D1 chiorabenzans 1.8
a8 p~Oichiorsbenzens 1.8
89 3,3'-0tchlorobanzidine 1.8
0 2,401 chilorophensl 1.8
L) 2.,80=0tohlorophanol ND
L - Disthyl phthalate 1.0
S8 3,3'=Diasthozybenzidine 1.8
84 p~01asthy Laninoszobenzene 3.8
8 3,3'-Dinethylbenzidine N0
98 2,601aathyilphenol 1.8
14 Dimssthyl phthalate 1.8
80 Di=n=butyl phthelats 1.8
99 1,401 ni trobenzane ' 9.0
100 4,8~01nt sro~o-cresel 9.0
101 2 ,4=01 af troghenel 9.0
102 2,4~01ni trotol usne A 1.8
108 2 4=01a1 trotolmne 1.8
104 D{=n=estyl ghthelats 1.8
108 Ot=w=prepylnitrosamine 1.8
108 Diphenylanine 3.8
107 1,2=01phanyLhydrazine 9.0
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TABLE H,41 OETECTION LINITS FOR THE LEADED TANK BOTTOME SAMALES - K082 {Continuad)

2 e S 3

: .Detactton
B0AT CONSTITUENT Limtt
SEMIVOLATILES (Continued) . (pps]

108 Fluorenthene 1.8
109 Fluorene 1.8
110 Hexachlorobenzene 1.8
1114 Hexachlorobutadi ene 1.8
112 Hexachiorocyclopantadiens 1.8
113 Hexachloroethane 1.8
114 Hexachlioroghene NA
118 Hexachloropropene ND
116 Indeno(1,2,3=cd)pyrens 1.8
117 lsomfrole 3.8
118 Mathapyrilens NS
119 e thylcholanthrene 3.6
120 4,4'=Mathylenebis(2=chlorceniiine) 3.8
124 Nephthel ene 1.8
129 1 ,4=Ngphthogquinons NA
123 1=Naph thy laatne 9.0
124 2=Naphthylamine 9.0
128 p=Nitroaniiine 9.0
128 N{ trobenzane 1.8
17 &1 trophenol 9.0
128 N=N1{trosodi-n=butylamsine NO
129 N=N{trosodtethylaaine ND
130 N=N{itroeodinsthylamine 1.8
19 N=N{trosamethylethylamine 1.8
132 N=N{troaamorphol i ne 3.8
133 N=N{trosopi paridine 1.8
134 N=N{trosopyrrolidine 9.0
138 S=N{tro~o=toluidine 3.8
138 Pentachl orcbentene ND
137 Pentachiorcethane NA
138 Pentachioront trobenzane 16.0
139 Pentachioroghensl 9.0
190 fMemaoatin 3.8
14 Phemanth rene 1.8
142 " Phenet 1.8
144 Prenant de NO
148 Pyrens 1.8
19 Reeorcineol NA
19 Ssfrale 9.0
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TABLE H,41 OETECTION LINITS FOR THE LEADED TANK BOTTOMB SAMPLES - kOS2 (Continued)

W

: . Detaction
BOAT CONSTITUENT Lieit
SEMIVOLATILES (Continued) (pom)
148 1,2,4,5Tetrachlorobenzens 3.8
149 2,3,4,8-Tatrachiorophenol NO
150 1,2,4~Trichiorcbenzens 1.8
151 2+4,3=Trichlorophenol 8.0
1852 2,4,6~Trichiorophenol 1.8
153 Tria(2,3=dibramopraopyl) phosphate ND
se Benzoic acid 8.0
e Senzyl alcohol ' 1.8
s® &Chlorophenyl phenyl sther 1.8
b O1danzofuran 1.8
e Dibdenzo(e,h)pyrene NS
e 7,12=01mathylbenz(e)enthrecene ND
e slphe,slphe~OisethylphanetivyLamine NS
se Iscphorone 1.8
e Melomitrile NA
e 2-Mathy Lnaphthelene 1.8
b 2=Nitrosniline ' 8.0
g 3=H1troeniline 9.0
bad 2-N1 trophanol : 1.8
b N=N{trosodipheny Lasine 1.8
METALS (ppm)
154 Antimony 3.2
158 Argenio 2.0
158 Gerium 0.1
12 Serylitum a.1
158 Cadnfum , 0.4
158 Chramium, total 0.7
161 Copper : a.0
168 Load 8.1
189 Narcury 0.2
164 Nicimt 1.1
108 Sslomimm 100
108 Silver e.0
197 Thetlium 1.0
189 Yenadi 8.0
199 Zino 0.2
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TABLE H.41 OETECTION LIMITS FOR THE LEADED TAMK B0TTOMB SAMPLES - 82 (Continusd)

W
. Detaction

BDAT CONSTITUENT Liait

INORBANICS (ppm]
170 Total Cyanide Q.5
171 Fluoride 1.0
172 Sulfide 9.5

k.- "~ -

NA = Anslysis cannot be done by method 8270 st this time dus to {nedequate
recoveries in Leboretory QA/QC snalyses.

ND = Not detected, estimated destection Liaft hes not besn detareined.

NS = The standard {s not avetlsbile; the campound wes eserched using an MBS Librery
datebese of 42,000 caompounde.

++ = Total xylene 18 the total resuit for ortho-Xylene, meta~Xylene, end pare=Xylsne,
with CAS nusbers 90~4&7=8, 100~38-3, and 100-42-3, respectively.

*® = This gonstitusnt 18 not on tha List of constitusnts 1n the GENERIC QUALITY
ABSURANCE PROJECT PLAN FOR LAND DISPOSAL RESTRICTIONS PROGRAN (“BOAT®),
EPA/S30~-@-87-011, March 190, It {s e ground-water mont taring conetttusnt ee
Llistad tn Appandiz IX, Page 28838, of the FEDERAL REBISTER, Vol, 51, No. f42,

H-27



Appendix I

WASTE CHARACTERISTICS AFFECTING PERFORMANCE

List of boiling poihts for constituents of interest.

List of bond dissociation energies for constituents
of interest,.

Calculation of thermal conductivity for waste treated
at plant A.



Constituent Boiling Point (°C) Reference Number

4. Benzene 80-80.1 1

8. Carbon disulfide 46-46.5 1
21. Dichlorodifluoromethane (-30)-(-29.8) 1
226. Ethyl benzene 136.25 1
43. Toluene 110.6-111 1
215, 1,2-Xylene 144 1
216. 1,3-Xylene 139.3 1
217. 1,l4-Xylene 137-138 1
52. Acenaphthene 279 1
57. Anthracene a2 1
59. Benz(a)anthracene 435 3
62. Benzo(a)pyrene 310-312 1
70. Bis(2-ethylhexyl)phthalate 385 2
80. Chrysene 448 1
81. o-Cresol 191-192 1
82. p-Cresol 201.8-202 1
96. 2,4-Dimethylphenol 211.5-212 1
98. Di-n-butyl phthalate 340 1
109. Fluorene 295 1
121. Naphthalene 217.9-218 1
141. Phenanthrene 340 1
142. Phenol 182 1
145, Pyrene 4ol 1

Constituent Boiling Points

1 = Merck Index (Reference 31).

2 = Handbook of Environmental Data on Organic Chemicals (Reference 32).
3 = Handbook of Chemistry and Physics (Reference 33).
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4.
8.
21.
226.
43.
215=217.
52.
57.
59.
62.
68.
70.
80.
81.
82.
87.
96.
98.
109.
121,
141,
142.
145.

Bond Dissociation Energies

Constituent

Benzene

Carbon disulfide
Dichlorodifluoromethane
Ethyl benzene

Toluene

Xylene

Acenaphthene

Anthracene
Benz(a)anthracene
Benzo(a)pyrene
Bis(2-chloroethyl)ether
Bis(2-ethylhexyl)phthalate
Chrysene

o-Cresol

p-Cresol
o-Dimethylbenzene
2,4-Dimethylphenol
Di-n-butyl phthalate
Fluorene

Naphthalene
Phenanthrene

Phenol

Pyrene

Estimated
Bond Dissociation Energy

1320

279

380
1920
1235
1220
2570
2870
3580
4030
1290
6610
3650
1405
1405
1325
1390
4340
2700
2095
2900
1421
3240

Sources: Sanderson, R.T., Chemical Bonds and Bond Energy (Reference 35).
Lange's Handbook of Chemistry (Reference 34).
Handbook of Chemistry and Physics (Reference 33).
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CALCULATION OF THERMAL CONDUCTIVITY FOR
WASTE TREATED AT PLANT A

Calculation of weight fractions of KO48 and K051 in the total feed stream:

From tables 4~1 through 4-6 in the Amoco OER (Reference 6) the
average KOU8 and K051 waste feed rates are 53 gpm and 22.3 gpm,
respectively. Since these are the only feeds to the incinerator,
the weight fractions of the wastes feed are calculated as follows:

X Kou8
X K051

KOU8:(100) 53/ (53 + 22.3) = T1%
K051:(100) 22/ (22.3 + 53) = 29%

Major constituent analysis:

From sections 2.1.2 and 2.2.2 in the Amoco OER (Reference 6) the
major constituent composition of KO48 and K051 is as follows:

Constituent Ko48 (%) K051 (%)
Water . 15 30
) 011 14 15
Sand, Dirt and other soils 70 54

Major constituent composition of the total waste stream:

The composition of the total waste stream is calculated as folléus:

4 Water = (% water in KO48)(X KOu8) + (% water in KO51) (X KOS1)
= (15)(0.71) + (30)(.29)
= 20
4 011 = (% oil in KO48)(X KO4U8) + (% oil in KO51)(X KO51)
s (14)(0.71) + (15)(0.29)
2 14
4 Sand & Dirt

(% Sand & dirt in KOU8)(X KO48) + (% Sand & dirt in
K051)(X K051)
ég°)(0.71) + (584)(.29)
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CALCULATION OF THERMAL CONDUCTIVITY FOR

WASTE TREATED AT PLANT A (Continued)

Thermal conductivity (k) of major constituents:

From Lange's Handbook of Chemistry (Reference 34) the thermal
conductivities (k) for the major constituents are:

k water = 0.329 BTU/hr ft °F @ SuU°F
k gasoline = 0.078 BTU/hr ft °F @ B86°F
k dry sand = 0.225 BTU/hr ft °F @ 68°F

In the absence of thermal conductivity values for oil and wet sand
and dirt, we have used the thermal conductivity values for gasoline
and dry sand for the purposes of this calculation.

Calculations of the overall waste thermal conductivity:

Using the major constituent compositions of the total waste stream
and the thermal conductivities presented above, the calculations of
the overall waste thermal conductivity is as follows:

(% water) (k water) + (% oil)(k gasoline) + (% sand
& dirt)(k dry sand)

(0.20)(0.329 BTU/hr ft °F) + (0.14)(0.078 BTU/hr ft
OF) + (0.66)(0.225 BTU/hr ft °F) .

0.23 BTU/hr ft °F

k overall
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