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EXECUTIVE SUMMARY

Pursuant to the Hazardous and Solid Waste Amendments (HSWA) enacted

on November 8, 1984, the Environmental Protection Agency (EPA) is establishing

best demonstrated available technology (BOAT) treatment standards for the

listed wastes identified in 40 CFR 261.32 as K016, K018, K019, K020, and K030.

Compliance with these BOAT treatment standards is a prerequisite for placement

of these wastes in units designated as land disposal units according to 40 CFR

Part 268. The BOAT treatment standards will be effective as of August 8,

1988.

This background document provides the Agency's rationale and techni

cal support for selecting the constituents to be regulated in K016, K018,

K019, K020, and K030 wastes and for developing treatment standards for those

regulated constituents. The document also provides waste characterization

information that serves as a basis for determining whether a variance 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

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

established.

The introductory section, which appears verbatim in all the First

Third background documents, summarizes the Agency's legal authority and

promulgated methodology for establishing treatment standards and discusses the
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petition process necessary for requesting a variance from the treatment

standards. The remainder of the document presents waste-specific informa-

tion--the number and locations of facilities affected by the land disposal

restrictions for K016, K018, K019, K020, and K030 wastes; the waste-generating

processes; characterization data; and 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 explains EPA's

determination of BOAT, selection of constituents to be regulated, and calcu-

lation of treatment standards.

According to 40 CFR 261.32, waste codes K016, K01a, K019, K020, and.

K030, which are generated by the organic chemicals industry, are listed as

follows:

K016:

K01a:

K019:

K020:

K030:

Heavy ends or distillation residues from the production of
carbon tetrachloride;

Heavy ends from the fractionation column in ethyl chloride
production;

Heavy ends from the distillation of ethylene dichloride in
ethylene dichloride production;

Heavy ends from the distillation of vinyl chloride in vinyl
chloride monomer production; and

Column bottoms or heavy ends from the combined production of
trichloroethylene and perchloroethylene.

The four digit Standard Industrial Classification (SIC) Code most often

reported for the industry generating these wastes is 2869. The Agency esti-

mates that there are approximately 47 facilities that may generate wastes

identified as K016, K018, K019, K020, and K030.

ix



The Agency is regulating a total of 24 organic constituents in KOi6,

Kala, K019, K020, and K030 nonwastewaters and wastewaters. (For tne purpose

of the land disposal restrictions rule, wastewaters are defined as wastes

containing less than 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 24

constituents are being regulated in all five waste codes. The BOAT treatment

standards for both nonwastewater and wastewater forms of K016, KOla, K019,

K020, and K030 wastes are based on performance data from rotary kiln inciner-

ation of K019 waste.

The following table lists the specific BOAT treatment standards for

each of the five wastes. The treatment standards reflect the total concen-

tration of constituents in nonwastewaters and wastewaters. The units for

total constituent concentration are mg/kg (parts per million on a weight-by-

weight basis) for the nonwastewaters and mg/l (parts per million on a weight-

by-volume basis) for the wastewaters. If the concentrations of the regulated

constituents in these wastes, as generated, 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 0 of this background document .

•The term "total suspended solids" (TSS) clarifies EPA's previously used
teminology of "total solids" and "filterable solids." Specifically, total
suspended solids is measured by method 209C (Total suspended solids dried at
103-10SoC) in Standard Methods for the Examination of Water and Wastewater,
Sixteenth Edition.



BDAT TREATMENT STANDARDS FOR K016, K018, K019, K020, AND K030

Maximum for any Single Grab Sample
Nonwastewater Wastewater

Total concentration (mg/kg) Total concentration (mg/l)
K016 K018 K019 K020 K030 K016 K018 K019 K020 K030

Chlorobenzene NA NA 6.0 NA NA NA NA 0.006 NA NA
Chloroethane NA 6.0 NA NA NA NA 0.007 NA NA NA
Chloroform NA NA 6.0 NA NA NA NA 0.001 NA NA
Chloromethane NA NA NA NA NA NA 0.007 NA NA NA
1,1-Dlchloroethane NA 6.0 NA NA NA NA 0.007 NA NA NA
1,2-Dlchloroethane NA 6.0 6.0 6.0 NA NA 0.001 0.001 0.001 NA
1,1,2,2-Tetrachloroethane NA NA NA 5.6 NA NA NA NA 0.001 NA

>: Tetrachloroethene 6.0 NA 6.0 6.0 6.0 0.007 NA 0.001 0.007 0.001t-'.

1,1,1-Trlchloroethane NA 6.0 6.0 NA NA NA 0.001 0.001 NA NA
Bis(2-chloroethyl)ether NA NA 5.6 NA NA NA NA 0.007 NA NA
o-Dichlorobenzene NA NA NA NA NA NA NA NA NA 0.008
p-Dichlorobenzene NA NA NA NA NA NA NA 0.008 NA 0.008
Fluorene NA NA NA NA NA NA NA 0.007 NA NA
Hexachlorobenzene 28 28 NA NA NA 0.033 0.033 NA NA NA
Hexachlorobutadiene 5.6 5.6 NA NA 5.6 0.001 0.001 NA NA 0.001
Hexachlorocyclopentadiene 5.6 NA NA NA NA 0.007 NA NA NA NA
Hexachloroethane 28 28 28 NA 28 0.033 NA 0.033 NA 0.033
Hexachloropropene NA NA NA NA 19 NA NA NA NA NA
Naphthalene NA NA 5.6 NA NA NA NA 0.001 NA NA
Pentachlorobenzene NA NA NA NA 28 NA NA NA NA NA
Pentachloroethane NA 5.6 NA NA 5.6 NA 0.001 NA NA 0.001
Phenanthrene NA NA 5.6 NA NA NA NA 0.001 NA NA
1,2,4,5-Tetrachlorobenzene NA NA NA NA 111 NA NA 0.011 NA 0.011
1,2,II-Trichlorobenzene NA NA 19 NA 19 NA NA 0.023 NA 0.023

NA - Not applicable.





1.0 INTRODUCTION

This section of the background document presents a summary of the

legal authority pursuant to which the BOAT treatment standards were developed,

a summary of EPA's promulgated methodology for developing BOAT, and finally a

discussion of the petition process that should be followed to request a

variance from the BOAT treatment standards.

1.1

1. 1. 1

Legal Background

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 amendments 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)(l), (g)(5), 42 U.S.C. 6924 (d)(l), (e)(l),

(g)(5».

For the purpose of the restrictions, HSWA defines land disposal "to

include, but not be limited to, any placement of . • . hazardous waste in a

landfill, surface impoundment, waste pile, injection 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 also 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)(l), 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 demonstrate that the standard promulgated for the generator's waste

cannot be achieved, the Agency also can grant a variance from 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 disposal 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 lithe 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 rirst 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 3004(0) 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 generator. This

restriction on the use of landfills and surface impoundments applies until EPA

sets a treatment standard for the waste or until May 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 3004(g), 42

u.s.c. 6924(g». "No migration" demonstrations are based on case-specific

petitions 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 with 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, , 986;
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2. The "California List" must be promulgated by July 8, 1987;

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

4. At least t~o-thirds of all listed hazardous ~astes 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, f003, f004, and F005; it identified the

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

F021, F022, and F023 ..

Wastes collectively known as the California List wastes, defined

under section 3004{d) of HSWA, are liquid hazardous wastes containing metalS,

free cyanides, PCBs, corrosives (i.e., a pH less than 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 Hay 28, 1986, EPA published a final rule (51 FR 19300) that

delineated the specific waste codes that would be addressed by the First
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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 BD~T 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 environment 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

~gency 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 Congo

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 (BOAT) 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-designed 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

BOAT 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, S1 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 treatability group of

interest to other wastes for which demonstrated technologies already have been

determined. The parameters affecting 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 organic content, 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 establishing 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

1-9



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 technologies 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 based 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 consider the technology in its determination of the

treatment standards. EPA will consider proprietary or patented processes

available if it determines that the treatment method can be purchased or

licensed from the proprietor or is a commercially available treatment. The

services of the commercial facility offering this technology 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

(c) Percent of constituents removed.

If none of the demonstrated treatment technologies achieve subs tan-

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 BOAT. 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:
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(1) Identification of facilities for site visits,
(2) Engineering site visit,
(3) Sampling and Analysis Plan,
(4) Sampling visit, and
(5) Onsite Engineering Report.

(1) 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)j

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:

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

and
(4) EPA in-house treatment.

This hierarchy is based on two concepts:

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

(2) 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 ~elated to the mixing of wastes
befo~e and du~ing t~eatment.

When possible, the Agency will evaluate t~eatment technologies using

comme~cially operated systems. If performance data f~om properly designed and

operated comme~cial treatment methods for a particular waste or a waste Judged

to be similar are not available, EPA may use data from ~esearch facilities

operations. Whenever ~esearch 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 seve~al

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 of the

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

~ell-designed facility to be one that contains the unit operations necessary

to treat the various hazardous constituents of the ~aste, as ~ell as to

control other nonhazardous materials in the ~aste that may affect treatment

performance.

In addition to ensuring that a system is reasonably ~ell designed,

the engineering visit examines ~hether the facility has a way to measure the

operating parameters 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 ("BOAT"), EPA/530-SW-81-011. 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.
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The Agency ~ill generally produce a draft of the site-specific

Sampling and Analysis Plan ~ithin 2 to 3 weeks of the engineering visit. The

draft of the SAP is then sent to the plant for review and comment. ~ith few

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

BOAT. EPA's final decision on ~hether to use data from a sampled plant

depends on the actual analysis of the waste being treated and on the operating

conditions at the 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, ~here 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 BOAT 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 ("BOAT"), which delineates all of the quality control and quality
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assurance measures associated ~1th sampling and analysis. (Quality assurance

and quality control procedures are summarized in Section 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

of-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 comments, 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 BOAT List. The list of hazardous constituents

within the waste codes that are targeted for treatment is referred to by the

Agency as the BOAT 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 F003 and F005. These sources prOVide a comprehensive list of

hazardous constituents specifically regulated under RCRA. The BOAT list

consists of those constituents that can be analyzed using methods published in

SW-846, Third Edition.
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fable I-I BOAT Constltuent List

BOAT
reference
"'0.

222.
l.

2.
3.
4.

5.
6.

223.
7.

B.
9.

10.
ll.
12.
13.
14.
15.
16.
17.
18.
19.
20.
2l.
22.
23.
24.
25.
26.
27.
28.
29.
224.
225.
221.
30.
227.
31.
214.
32.

Parameter

IJolat11n

Acetone
AcetonitrIle
AcroleIn
Acrylonitr; 1e
Benzene
Bromodlchloromethane
Brananetnane
n-Butyl alcohol
Carbon tetrachlorIde
Carbon disulfide
Cnlorobenzene
2-Chloro-l.3-butadiene
Chlorodibranalethane
Chloroethane
2-Chloroethyl vinyl ether
Chlorofo,..
eh loraaethane
3-Chloropropene
1,2-0Ibra-o-3-chloropropane
l,2-0lbramaetnane
ClbrCllDlllthane
Trans-l.4-Clchloro-2-butene
OichlorodiflYOraBlthane
1.1-Clchloroethlne
1.2-Clchloroethlne
1.1-0Ichloroethylene
Tran.-l.2-0Ichloroetnene
1.2-01chloropropene
Tran.-1.3-0Ichloropropene
ci.-l.3-0ichloropropene
1. 4-0 101lln.

2-Etl"oxyethanol
Ethyl acetat.
Ethy I benzene
Ethyl cyanide
Ethyl ether
Ethyl methiCTylat.
Ethylene oxide
lao:.tnane
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Cas no.

67-64-1
75-05-&
107-02-&
107-13-1
71-43-2
75-27-4
74-83-9
71-36-3
56-23-5
75-15-0
10&-90-7
126-99-1
124-48-1
75-00-3
110-75-8
67-66-3
74-87-3
107-05-1
96-12-8
106-93-4
74-95-3
110-57-6
75-71-8
75-34-3
107-08-2
75-35-4
156-60-5
78-87-5
10061-02-1
10061-01-5
123-91-1
60-29- 7
141-78-1
100-41-4
107-1Z-0
60-29-7
97-63-2
75-21-1
74-88-4



Table I-I (contInued)

BOAT
reference Parameter Cn no.
no.

Volatlles (contInued)

33. Isobutyl alcohol 7B-B3-1
22B. Methanol 67-56-1
34. ~thyl ethyl ketone 7B-93-3
229. ~thyl Isobutyl ketone 108-10-1
35. Methyl methacrylate BO-62-6
37, Methacrylonltrlle 1Z6-98-7
38. ~thylene chlorIde 75-09-2
230. Z-H1trOllropane 79-46-9
39. PyridIne 110-86-1
40. 1. 1. 1.Z-Tetrachloroetnane 630-Z0-8
41. 1.1.2.Z-Tetrachloroethane 79-34-6
42. Tetrachloroethene 127-18-4
43. Toluene 108-88-3
44. Tr;br~thane 75-25-Z
45. 1.1.1-Trlchloroethane 71-55-6
46. 1.1.2-Trichloroethane 79-00-5
47. Trichloroetllene 79-01-6
48. TrlchlorQIDnofluoromethine 75-69-4
49. I.Z.3-Trichlorollropane 96-18-4
231. 1.1.Z-Trichloro-l.Z.Z-trifluoro- 76-13-1

ethane
50. VInyl chloride 75-01-4
215. l.Z-Xylene 97-47-8
Z16. 1.3-Xylene lOB-38-3
217. 1.4-Xylene 106-44-5

Spivolat1l"

51. Acenaptlthe lene 2oa-96-8
52. Acenapntt!ene 83-32-9
53. Acetoplwnone 96-8&-2
54. 2-Acetylam 1nofluorene 53-96-3
55. 4-_lnobllll'leny1 92-67-L
56. AnIline 62-53-3
57. Anthracene 120-12-7
sa. Ar_tte 140-57-8
59. Benz(a)anthracene 56-55-3
218. Ben,. 1 ch lor lde 98-87-3
60. Benzenethiol 108-98-5
61. Deleted
62. 8enzo{a)pyrene 50-32-8
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Table 1-1 (contInued)

BOAT
reference Parameter CAS no.
no

Sem'~olat; les (contInued)

63. Benzo(b)fluorantnene 205-99-Z
64. Benzo(gni)perylene 191-Z4-Z
65. Benzo(k)f1uorantnene 207-08-9
66. p-BenzoqUlnone 106-51-4
61. Bis(Z-cnloroetnoxy)metn.ne 111-91-1
68. Bis(Z-cnloroetnyl)etner 111-44-4
69. Bis(Z-chlorolsopropyl)etner 39638-3Z-9
10. Bis(Z-ethylnexyl)phtn.l.te 117-81-7
7l. 4-Bromophenyl phenyl etner 101-55-3
72. Butyl benzyl phtn.llte 85-68-7
73. Z-sec-8utyl-4,6-dinitropnenol 88-85-7
74. p-Chlor04lni 1ine 106-47-8
15. Ch lorobenz i lite 510-15-6
76. p-Chloro-.-cresoI 59-50-7
77. 2-Chloronlphtnelene 91-SS-7
78. 2-ChloropNnol 95-57-8
19. 3-Chloroproplonltrile 542-76-7
80. Chrysene 218-01-9
8l. ortho-Cresol 95-48-7
82. ~rl-Cresol 106-U-5
232. Cyclohexlnone 108-94-1
83. Oibenz(l.h)lnthrlcene 53-70-3
84. Oibenzo(l.e)pyrene 192-65-4
85. 01benzo(l.i)pyrene 189-55-9
86. m-Dichlorobenzene 541-73-1
87. o-Dlchlorobenzene 95-50-1
sa. p-Olchlorobenzene 106-46-7
89. 3.3'-OlchlorobenZidine 91-94-1
90. Z,4-0lchlorophenol 120-83-2
9l. 2.6-0ichloropnenol &7-65-0
92. Oiethyl phthalltl &4-68-2
93. 3.3·-0Imethoxybenzidlne 119-90-4
94. p-Olmethylamlnolzobenztne 60-11-7
95. 3.3'-Olmethylbenzldlne 119-93-7
98. 2.4-01..thylphenol 105-67-9
97. Ol..thyl phthilitl 131-11-3
98. Ol-n-butyl phthallte 84-74-2
99. 1.4-0Initrobtnzene 100-25-4
100. 4.6-0Inltro-o-cresol 534-52-1
101. Z.4-0Inltropnenol 51-Z8-5
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Table 1-1 (continued)

BOAT
reference Parameter CAS no.
no.

Organochlor,~, pestIcides

172. AldrIn 309-00-2
173. alpha-BHe 319-84-6
174. b.ta-BHe 319-85-7
175. delta-BHC 319-86-8
176. 91II!IlI- BHC 58-89-9
177. Chlordan. 57-74-9
178. ODD 72-54-8
179. ODE 7Z-55-9
180. DOT 50-29-3
18l. Di,ldrin 60-57-1
182. Endosulhn 1 939-98-8
183. Endosulhn II 33213-6-5
184. Endr;n 72-20-8
185. Endr;n aldenyde 7421-93-4
186. Heptachlor 76-44-8
187. HeptlCh lor ,pox ide 1024-57-3
188. Isodrin 465-73-1
189. Kapone 143-50-0
190. ~tnoxyclor 72-43-5
19l. Toxaphene 8001-35-2

Phtngxyac'tic acid btrblcidl'

192. Z.I-Dlchlorophenoxyac.tic acid 94-75-7
193. 5i lV'lI 93-72-1
194. 2.4.5-T 93-76-5

Qrganopngsphgroys insISt ic ld1'

195. DI."lfoton 298-04-4
191. F..,r 52-85-7
197. Methyl ~rlthlon 298-00-0
198. Parathion 56-38-2
199. Pnorul 298-02-2

~

200. Aroc lor 1018 12674-11-2
20l. Aroclor 1221 11104-21-2
202. Aroclor 1232 11141-11-5
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Table 1-1 (cont;nued)

BOAT
reference Plrll!llter CAS no.
no.

PCBs (continued)

Z03. Aroclor 1Z42 53469-21-9
Z04. Aroclor 1248 12672-29-6
Z05. Aroclor 1254 11097-69-1
Z06. Aroclor 1260 11096-a2-5

O,o~;ns and fur.n,

Z07. He~.c"lorodlb1nzo-p-d;o~lns

zoa. He~lc"lorodlbenzofurans

Z09. Pentlchlorodlb1nzo-p-diO~lns

Z10. Pentachlorodibenzofur.ns
Zl1. retrachlorodibenzo-p-d 1oxlns
Z12. Tetrlchlorodibtnzofurans
213. 2,3,7,a- retrlchlorodlbtnzo-p-dioxin 1746-01-8
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The initial BOAT 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 BOAT constituent list as more key constitu

ents are identified for specific waste codes or as new analytical methods are

developed for hazardous constituents. ror 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 benzene, 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 toxic, 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 r003 and r005 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 BOAT list. As mentioned above,

however, the BOAT constituent list is a continuously growing list that does
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not preclude the addition of new constituents when analytical methods are

developed.

There are five major reasons that constituents were not included on

the BOAT constituent list:

1. 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.

2. 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.

3. The constituent is a member of a chemical group designated in
Appendix VIII as not otherwise specified (N.O.S.). Constitu
ents listed as N.O.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.O.S. group, all those
constituents that can be readily analyzed are included in the
BOAT constituent list.

4. 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.

5. 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 catalogs 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 BOAT

list as indicator constituents for compounds from Appendices VII and VIII such

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

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

following nine groups:

o Volatile organics;
o Semivolatile organics;
o Metals;
o Other inorganics;
o Organochlorine pesticides;
o Phenoxyacetic acid herbicides;
o Organophosphorous insecticides;
o PCBs; and
o Dioxins and furans.

The constituents were"placed in these categories based on their chemical

properties. The constituents in each group are expected to behave similarly

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

1-28



(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.

1-29



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 BOAT treatment standard is the multiplication of the average treatment

value by a factor referred to by the 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 control 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 variability 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
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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 ~OVA analysis shows that more than one

technology achieves a level of performance that represents BOAT. In such

instances, the BOAT 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 BOAT 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 (BOAT). 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. With the exception of treatment

standards that prohibit land disposal, all treatment standards proposed are

expressed as a concentration level.
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EPA has used both total constituent concentration and TeL? analyses

of the treated waste as a measure of technology performance. EPA's rationale

for when each of these analytical tests is used is explained in the following

discussion.

for all organic constituents, EPA 1s basing the treatment standards

on the total constituent concentration found 1n 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 F001-F005 (51 FR 40S72) use the TCLP

value as a measure of performance. At the time that EPA promulgated the

treatment standards for F001-FOOS, 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
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residual waste not be in a state that is easily leachable; 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 BOAT

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

Agency determines which of the treatment technologies represent treatment by

BOAT. 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), BOAT treatment

standards are the level of performance achieved by the best technology 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 BOAT 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 ~gency 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 BOAT 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 calculation of treatment

standards. Additional QA/QC procedures used in collecting and screening data

for the BOAT program are presented in EPA's Generic Quality Assurance Project

Plan for Land Disposal Restrictions Program ("BOAT") (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
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used to select the appropriate percent recovery value to adjust the analytical

data:

1. 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.

2. If data are not available for a specific constituent but are
available fo~ an isome~, 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.

3. If data are not available for a specific constituent but are
available fo~ 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.

4. If matrix spike recovery data are not available fo~ 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 sLmilar 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 transfe~ 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 ext~action of 100 percent of the constituent. In
assessing the recove~y data to be transfer~ed, the p~ocedures

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 the Agency will use 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 BOAT Treatment Standards for "Derived-From" and "Mixed" Wastes

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

a number of instances, the proposed BOAT consists of a series of operations,

each of which generates a waste residue. For example, the proposed BOAT 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:
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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(c)(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 ~elieves 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 BOAT treatment standards to residues

generated not from treating the waste (as discussed 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(c)(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, 40 CFR

Part 261.33(d». The prohibition for the particular listed waste consequently

applies to this type of waste.
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The Agency believes that the majority of these types of residues can

meet the treatment standards for the underlying listed wastes (with the

possible eKception 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 waste also might be amenable to a relatively nonvariable

form of treatment technology such as incineration. Finally, and perhaps most

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 ~irst Third 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 directly from the derived-from rule 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

1-ll0



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 constituents

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 performance for use in

establishing treatment standards for untested wastes is technically valid in

cases 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 needed 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 of 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 BOAT 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/operator may submit a petition to the Administrator

requesting a variance from the treatment standard. A particular waste may be

significantly different from the wastes considered in establishing
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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 demonstrate 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 BOAT 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 MStreet, 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 MStreet, 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, 1916, amended by 43

FR 4000).

The petition should contain the following information:

1. The petitioner's name and address.

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

3. The name, address, and EPA identification number of the facil
ity generating the waste, and the name and telephone number of
the plant contact.

4. 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.

5. A description of the waste SUfficient for comparison with the
waste considered by the Agency in developing BOAT, 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 BOAT background document
for determining the characteristics of the wastes considered in
developing treatment standards.)

6. 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 BOAT background document as guidance for
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determining the design and operating parameters that the ~gency

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 BOAT.)

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 BOAT, the

Agency will evaluate the waste to determine if the waste matrix and/or
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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 BOAT 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 in Section 1.0, the Hazardous and Solid Waste fumend-

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 listed as K016, K018, K020,

and K030, that are generated by the production of chlorinated organic chemi-

cals, are part of the first third of listed wastes to be evaluated by the

Agency. K019 is also generated by the production of chlorinated organic

chemicals. K019 was originally scheduled for regulation with the second third

of listed wastes; however, the Agency has chosen to include K019 in this waste

treatability group due to the similarity between K019 and the other

chlorinated organic wastes. The purpose of this section is to describe the

industry affected by the land disposal restrictions for K016, K018, K019,

K020, and K030 and to present available characterization data for these

wastes.

Under 40 CFR 261.32 (hazardous wastes from specific sources), wastes

identified as K016, K018, K019, K020, and K030 are specifically generated in

the production of chlorinated organic chemicals and are listed as follows:

K016:

K018:

K019:

Heavy ends or distillation residues from the production of
carbon tetrachloride

Heavy ends from the fractionation column in ethyl chloride
production

Heavy ends from the distillation of ethylene dichloride in
ethylene dichloride production
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K020:

K030:

Heavy ends from the distillation of vinyl chloride in
vinyl chloride monomer production

Column bottoms or heavy ends from the combined production
of trichloroethylene and perchloroethylene

The Agency has determined that these listed wastes (K016, K018,

K019, K020, and K030) represent a single waste treatability group based on

their similar physical and chemical characteristics. As described later in

this section, EPA has examined the sources of the wastes, the specific

similarities in waste composition, applicable and demonstrated treatment

technologies, and attainable treatment performance in order to support a

simplified regulatory approach for these five chlorinated organic chemicals

wastes.

2.1 Industry Affected and Process Description

The four digit Standard Industrial Classification (SIC) code associ-

ated with the production of chlorinated organic chemicals is 2869 (Industrial

Organic Chemicals, Not Elsewhere Classified). The Agency estimates that there

are seven facilities that produce K016, five facilities that produce K018,

sixteen facilities that produce K019, eleven facilities that produce K020, and

eight facilities that produce K030. Table 2-1 lists the number of facilities

for each waste code by state. Table 2-2 lists the number of facilities for

each waste code in each EPA region.

The production of chlorinated organic chemicals typically consists

of the reaction of hydrocarbon or chlorocarbon feedstocks with chlorine or
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Table 2-1

FACILITIES PRODUCING K016, K018, K019, K020, AND K030 WASTES BY STATE

Number of Facilities
State (EPA Region) K016 K018 K019 K020 K030 Total

Alabama (IV) 1 0 0 0 0 1
California (IX) 1 0 0 0 1 2
Kansas (V II) 1 0 0 0 1 2
Kentucky (IV) 0 0 1 1 0 2
Louisiana (VI) 2 1 9 6 4 22
New Jersey (I I) 0 1 0 0 0 1
Texas (VI) 0 2 6 4 2 14
Virginia (III) 0 1 0 0 0 1
West Virginia (III) 2 0 0 0 0 2

Total: 7 5 16 1, 8 47

Source: Reference 1
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Table 2-2

FACILITIES PRODUCING K016, K01a, K019, K020, AND K030 WASTES BY EPA REGION

Number of Facilities
EPA Region K016 KOla K019 K020 K030 Total

I 0 0 0 0 0 0
II 0 1 0 0 0 1

III 2 1 0 0 0 3
IV 1 0 1 1 0 3
V 0 0 0 0 0 0

VI 2 3 15 10 6 36
VII 1 0 0 0 1 2

VIII 0 0 0 0 0 0
IX 1 0 0 0 1 2
X 0 0 0 0 0 0

Total: 7 5 16 11 a 47

Source: Reference
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hydrogen chloride to form the desired product and other by-products. A

generalized process diagram of the production of chlorinated organic chemicals

is presented in figure 2-1. The reaction steps are followed by a series of

washing, neutralization, and purification steps to recover the product(s) at

the desired quality. Wastes generated in the processes often include spent

catalysts, spent wash solutions, light distillation ends, and heavy ends. The

characteristics of the specific wastes generated at a facility depend on

feedstocks, catalysts, reactor operating conditions, and product purification

methods.

Most chlorinated organic chemical products can be produced by a

variety of processes. The process used at a particular facility depends upon

the size and age of the facility, other products produced at the facility, and

the market for chlorinated organic chemicals. Many chlorinated organic

chemicals processes are also designed to produce more than one product stream.

Product ratios are adjusted to meet market demand by adjusting feedstocks,

reactor operating conditions, and product recycle ratios.

2. 1 . 1 K016 Process Description

Heavy ends or disti~lation residues (commonly referred to as bot

toms) from the production of carbon tetrachloride (K016) are generated in the

final purification step 1n carbon tetrachloride production. There are three

major commercial processes currently used to produce carbon tetrachloride;

K016 is generated by each of these processes.

2-5



N
I
0'

Chlorocarbon
or

Hydrocarbon
feedstocks

Chlorine
or

Hydrogen
Chloride

Unreaeted feedstock and
Recycle Products Caustic. A.mmonia, Light Ends

Catalyst to Help Control and/or Sulfuric to Recycle

l ~roduct DiSlributio~_ Crude A.cid Solutions +
- --'= ~ Product bi-}{-- }----. - Streams WashinglChlorinOli:JnTLllter produ~t J----... and Purification

Reactor sePSara Ion Neutralizatian Sleps
teps-....... ------- ----- T- ·~f

Producl(s)
~

Spent Catolyst
to Recycle or

Treatment

Figure 2-1

Spent Wash
Solutions

ta Recycle
or Treatment

Heavy Ends
(KOI6, K018. 1<019,

1<020, 1(030)
to Treatment

or Recycle

GENE~ALlZED PROCESS DIAGRAM FOR PRODUCTION
OF CHLORINATED ORGANIC CHEMICALS



1. Chlorinolysis of hydrocarbon or chlorocarbon feedstocks;

2. Chlorination of methane; and

3. Chlorination of carbon disulfide.

In the United States, the majority of carbon tetrachloride is produced via the

chlorinolysis process. All three processes are discussed in greater detail

below.

Chlorinolysis of Hydrocarbon or Chlorocarbon Feedstocks (K016)

The chlorinolysis process consists of the chlorination of hydrocar-

bons or chlorocarbons at or near pyrolytic conditions. Feedstocks for the

chlorinolysis process can be any of several hydrocarbons or a mixture of

hydrocarbons including aliphatics (e.g., propane, propene, or butane), chlori-

nated aliphatics (e.g., hexachloroethane), and chlorinated aromatic hydrocar-

bons (e.g., chlorobenzene). If propane is selected as the hydrocarbon feed-

stock, the chemical equation representing its chlorinolysis to carbon tetra-

chloride and perchloroethylene (tetrachloroethylene) is:

+ 8C12
chlorine

-----> C2Cl 4
perchloroethylene

+ CC14
carbon

tetrachloride

+ SHCl
hydrogen
chloride

The product distribution and the composition of K016 generated are

dependent on the feedstock used. The final product distribution can range

from greater than 90 percent carbon tetrachloride (using propane as the

feedstock) to greater than go percent perchloroethylene (using propene as the

feedstock).
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In the chlorinolysis process, feedstock and chlorine are vaporized

in the feedstock vaporizer and are then sent to the chlorinolysis reactor.

The products of the chlorinolysis reaction are separated and purified by a

series of distillation steps resulting in final products. The bottoms streams

from several of the distillation columns (purification and separation steps)

are recycled to the feedstock vaporizer to help control the final product

distribution. A bottoms stream is continuously purged from the feedstock

vaporizer and is fed to another distillation column. The overheads stream

from this column is recycled to the vaporizer and the bottoms stream comprises

the waste of concer~ \~~ 6).

Chlorination of Methane (K016)

Carbon tetrachloride is produced from methane by a series of chlori-

nation reactions. The chemical reactions that occur are as follows:

CH4
methane

+ Cl2
chlorine

-----> CH3Cl
methyl chloride

+ HCl
hydrogen chloride

CH3Cl +
methyl chloride

Cl2
chlorine

-----> CH2Cl2
methylene chloride

+ HCl
hydrogen chloride

CH2Cl2 +
methylene chloride

Cl2 ----->
chlorine

CHC13
chloroform

+ HCl
hydrogen chloride

CHC13
chloroform

+ C12
chlorine

-----> CCl4
carbon tetrachloride

+ HCl
hydrogen chloride

Methane feed, recycled reaction intermediates (methyl chloride,

methylene chloride, and chloroform), and chlorine are fed to the primary

chlorination reactor in the gas phase. The reactor effluent contains
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unreacted methane and chlorine, and a mixture of chlorinated methane products.

The distribution of products is dependent upon the ratio of chlorine to

methane to recycled chloromethanes in the feed to the reactor.

Methyl chloride and methylene chloride are recovered from the

product stream from the primary chlorination reactor by distillation. The

bottoms stream from the methyl chloride and methylene chloride recovery

column(s) is then fed to a secondary reactor. The secondary chlorination

reaction occurs in the liquid phase in the presence of a catalyst. Chloroform

is recovered from the product stream and purified by a series of distillation

steps.

The bottoms stream from the chloroform recovery column is further

chlorinated in a final reactor to form carbon tetrachloride. Carbon tetra-

chloride is recovered from the reactor effluent by distillation. The bottoms

stream from this distillation column comprises the listed waste K016.

Chlorination of Carbon Disulfide (K016)

The overall chemistry for the production of carbon tetrachloride by

the chlorination of carbon disulfide is as follows:

CS2 +

carbon disulfide
3Cl2

chlorine
----) CC14

carbon tetrachloride
+ S2Cl2

sulfur dichloride

CS2 +
carbon disulfide

2S2Cl2
sulfur dichloride

----)

2-9
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Carbon disulfide, sulfur monochloride, and a recycled stream of

these reactants and carbon tetrachloride are mixed and fed to the chlorinator

where they react with chlorine in the presence of a catalyst. The product

stream is fed to a series of stripping and distillation columns for carbon

tetrachloride recovery and purification. The distillation bottoms stream from

the final carbon tetrachloride purification column comprises the listed waste

K016.

2.1.2 K018 Process Description

Heavy ends or distillation residues (bottoms) from the production of

ethyl chloride (K018) are generated in the final purification step in ethyl

chloride production. In the United States, ethyl chloride is produced via the

hydrochlorination of ethylene. In the process, ethylene and anhydrous hydro-

gen chloride gases are mixed and reacted in the presence of an aluminum

chloride catalyst to form ethyl chloride. The chemical reaction that occurs

is as follows:

+ HCl
hydrogen chloride

AICl3
--------------) C2HSCl

ethyl chloride

By-prOducts of the reaction include a hydropolymer oil and other chlorinated

hydrocarbons. The crude ethyl chloride is separated from heavier polymers ~nd

refined by fractionation. The bottoms stream from this fractionation column

comprises the waste of concern (K018).
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2.1.3 K019 Process Description

Heavy ends (bottoms) from the distillation of ethylene

dichloride (K019) are generated in the final purification step in ethylene

dichloride production. In the United States, ethylene dichlo~ide may be

produced by the direct chlorination of ethylene or by the oxychlo~ination of

ethylene; however, the vast majority of ethylene dichlo~ide is currently

produced using a combination of these two processes. The overall chemical

reactions that occur are as follows:

Direct chlorination of ethylene:

Cl2 +
chlorine

-----------> C2H4Cl2
ethylene dichloride

Oxychlorination of ethylene:

°2 +
oxygen

4HCl ----->
hydrogen
chloride

2C2H4Cl2
ethylene

dichloride

In the first process, ethylene and chlorine are reacted to produce

ethylene dichloride by direct chlorination. In the second process, ethylene

is reacted with hydrogen chloride to produce ethylene dichloride by oxychlori-

nation. The crude ethylene dichloride from both processes is then combined

and purified using distillation. Heavy ends from the ethylene dichloride

purification column comprise the waste of concern (K019).
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2. '.4 K020 Process Description

Keavy ends (bottoms) from the distillation of vinyl chloride (K020)

are generated in the final purification step in vinyl chloride monomer produc-

tion. In the United States, there are three processes currently used to

produce the vast majority of vinyl chloride monomer; the listed waste K020 is

generated by each of these processes.

1. Thermal cracking of ethylene dichloride;

2. Direct chlorination and oxychlorination of ethylene followed by
the thermal cracking of ethylene dichloride; and

3. Hydrochlorination of acetylene.

These processes are discussed in greater detail below.

Thermal Cracking of Ethylene Dichloride (K020)

Vinyl chloride monomer is produced by passing ethylene dichloride

(EDC) through a cracking furnace. The chemistry of the reaction is as fol-

lows:

C2H4C12 ----->
ethylene dichloride

C2H3Cl
vinyl chloride

+ HCl
hydrogen chloride

The vinyl chloride monomer product is purified through a series of

distillation steps. In the final distillation column, the vinyl chloride

monomer product is recovered as the overhead stream. The bottoms stream,

consisting of unconverted EDC and higher-boiling hydrocarbons, is the waste
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of concern (K020). In some processes, this bottoms stream is further

distilled to recover ethylene dichloride for recycle to the cracking furnace.

In these processes, the heavy ends stream from the ethylene dichloride

recovery column is the waste of concern (K020).

Direct Chlorination and Oxychlorination of Ethylene Followed by the
Thermal Cracking of Ethylene Dichloride (K020)

This process uses two sub-processes to produce ethylene dichloride

(EDC), which is sUbsequently cracked in a furnace to form the vinyl chloride

monomer (VCM). The chemical reactions that occur are as follows:

Direct chlorination of ethylene:

C12 + C2H4 ----->
chlorine ethylene

C2H4C1 2
ethylene dichloride

Oxychlorination of ethylene:

02 +
oxygen

4HCl
hydrogen
chloride

-----> 2C2H4C12 + 2H20
ethylene water

dichloride

Thermal cracking of ethylene dichloride:

C2H4C1 2
ethylene dichloride

-----> C2H3Cl
vinyl chloride

+ HCl
hydrogen chloride

In the first sub-process, ethylene and chlorine are reacted to .

produce EDC by direct chlorination. In the second sUb-process ethylene is

reacted with hydrogen chloride (produced from the subsequent thermal cracking

operation) to produce EDC by oxychlorination. The crude EDC from both sources

can be washed and purified in the same process route and then fed to the EDC

cracking furnace.
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The vinyl chloride monomer product is purified through a series of

distillation steps. In the final purification column, the vinyl chloride

monomer product is recovered as the overheads stream. The listed waste K020,

consisting of unconverted EDC and higher-boiling hydrocarbons, comprise the

bottoms stream. In some processes, this bottoms stream is further distilled

to remove EDC for recycle to the cracking furnace. The heavy ends stream

from the EDC recovery column is the waste of concern (K020).

Hydrochlorination of Acetylene (K020)

The hydrochlorination of acetylene is a vapor phase reaction between

acetylene and hydrogen chloride in the presence of a catalyst. The chemical

reaction that occurs is as follows:

HCl
hydrogen chloride

catalyst
-----> C2H3Cl

vinyl chloride

Hydrogen chloride and acetylene gas react in a tubular reactor in

the presence of a catalyst. The reactor effluent gases consist of vinyl

chloride monomer, ethylidene chloride, acetaldehyde, and unreacted acetylene

and hydrogen chloride. These gases are quenched, and the unreacted acetylene

and hydrogen chloride are recycled to the reactor. The bottoms from the

quench column, containing crude vinyl chloride monomer, are washed with

caustic and water and purified by distillation. The vinyl chloride monomer

product is recovered as the overhead stream from the final purification

column, and the bottoms stream is the listed waste K020.

2-14



2. , .5 K030 Process Description

Heavy ends or distillation residues (bottoms) from the

production of trichloroethylene and perchloroethylene (K030) are generated in

the final purification steps in production of these products. In the United

States, there are three processes currently used to produce the vast majority

of trichloroethylene and perchloroethylene (tetrachloroethylene); the listed

waste K030 is generated by each of these processes.

1. Oxychlorination of ethylene dichloride;

'2. Direct chlorination of ethylene dichloride and other chlori
nated hydrocarbons; and

3. Chlorination of acetylene.

These processes are discussed in greater detail below.

Oxychlorination of Ethylene Dichloride (K030)

Trichloroethylene and perchloroethylene are produced when ethylene

dichloride is reacted with oxygen and chlorine in an oxychlorinator. The

overall chemical reaction that occurs is as follows:

8C2H4Cl2 + 6Cl2 +
ethylene chlorine

dichloride

7°2
oxygen

-----) 4C2HCl3
trichloro
ethylene

+ 4C2Cl4
tetrachloro

ethylene

+

The feed proportions can be adjusted to vary the product ratio from nearly all

tetrachloroethylene to nearly all trichloroethylene.
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The oxychlorinator is typically a fluidized bed reactor where an

oxychlorination catalyst, such as copper chloride, is used. The reactor

effluent is processed through a condenser and a decanter.

The organic layer from the decanter is dried in an azeotropic

distillation column. The resulting chlorohydrocarbon products are then

separated in the trichloroethylene/perchloroethylene (TCE/PCE) distillation

column. The TCE is removed as the overhead stream and the PCE is removed as

the bottoms stream.

The crude TCE is refined by distillation and is removed as the

bottoms stream. (The overheads stream is recycled to the oxychlorinator). The

crude PCE is also refined by distillation and is removed as the overheads

stream. The bottoms stream from the perchloroethylene distillation column is

the listed waste K030.

Direct Chlorination of Ethylene Dichloride and Other Chlorinated
Hydrocarbons (K030)

Trichloroethylene and perchloroethylene, in addition to hydrogen

chloride, trichloroethane, and carbon tetrachloride, are produced when

ethylene dichloride and other high-boiling chlorohydrocarbons are reacted with

chlorine. The chemical reactions that occur are as follows:

C2H4C1 2 + 2C12 -----> C2HC1 3 + 3HCl
ethylene chlorine trichloro- hydrogen

dichloride ethylene chloride

C2H4C12 + 3C12 -----> C2C1 4 + 4HCl
ethylene chlorine tetrachloro- hydrogen

dichloride ethylene chloride
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C1CH2CHC12
',',2-trichloro

ethane

+ C12 ----->
chlorine

C2HC1 3 +
trichloro
ethylene

2HCl
hydrogen
chloride

C2H4C12
ethylene

dichloride

+ 5Cl2
chlorine

-----> 2CCl4 +
carbon

tetrachloride

4HCl
hydrogen
chloride

The reaction products are quenched and refined by distillation.

Unreacted ethylene dichloride is also recovered and recycled to the reactor.

In the final distillation column, the perchloroethylene product is recovered

as the overheads stream. The bottoms stream from the perchloroethylene

recovery column is the waste of concern (K030).

Chlorination of Acetylene (K030)

Trichloroethylene and perchloroethylene are produced when acetylene

is reacted with chlorine. The chemical reactions that occur are as follows:

Direct chlorination of acetylene:

+ 2C12
chlorine

catalyst
----) C2H2Cl4

tetrachloroethane

Thermal cracking of tetrachloroethane intermediate:

C2H2Cl4
tetrachloroethane

----) C2 HCl3 +
trichloroethylene

HCl
hydrogen chloride

Direct chlorination of tetrachoroethane intermediate:

C2H2Cl4
tetrachloroethane

+ C12
chlorine

----) C2C14
perchloroethylene
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Acetylene, chlorine, and a catalyst are fed to the chlorinator which

contains a large mass of liquid tetrachloroethane boiling under reduced

pressure. The reactor effluent, the tetrachloroethane intermediate, is

condensed and may be split into the following three streams:

(1) Recycle to the acetylene chlorinator,

(2) Feed to the pyrolysis reactor for thermal cracking to
trichloroethylene, and/or

(3) Feed to the tetrachloroethane chlorinator for production of
perchloroethylene.

In the thermal cracking to trichloroethylene, condensed tetrachloro-

ethane, a trichloroethylene recycle stream, and a catalyst are fed to the

thermal cracking reactor. The effluent from this reactor is distilled to

-~cover trichloroethylene product as the overheads stream. The bottoms stream

)m the trichloroethylene recovery column is the waste of concern (K030). A

portion of the waste stream may be purged to remove tars and the remainder

recycled to the pyrolysis reactor.

In the direct chlorination of tetrachloroethane, condensed tetra-

chloroethane is reacted with chlorine to produce perchloroethylene. The

reactor effluent is distilled to recover perchloroethylene product as the

overheads stream. The bottoms stream from the perchloroethylene

recovery column is the waste of concern (K030). A portion of the waste stream

may be purged to remove tars and the remainder recycled to the thermal

cracking reactor.
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2.2 Waste Characterization

This section presents all waste characterization data available to

the Agency for K016, KOla, K019, K020, and K030. The approximate

concentrations of major constituents comprising these wastes are included in

Table 2-3. The percent concentrations in the wastes were estimated using

engineering judgment based on chemical analyses (analytical data upon which

the estimates were based are reported in references 9, 10, and 1').

Calculations supporting these estimates are presented in Appendix B.

Tables 2-4 through 2-a present, by waste code, the ranges of BOAT

constituents and other parameters identified for the waste. These data were

obtained from a variety of sources as referenced on the tables inclUding

literature and sampling and analysis episodes. These wastes contain chlori

nated aliphatic and aromatic compounds such as chlorinated ethanes, methanes,

benzenes, and butadienes. Additionally, these wastes typically contain low

concentrations of metals and may contain high levels 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 achievable depend on the

physical and chemical characteristics of the waste. In cases where EPA

believes that constituents present in wastes represented by different codes
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can be treated to similar concentrations by using the same technologies, the

Agency combines the codes into one separate treatability group.

Based on a careful review of the generation of K016, K018, K019,

K020, and K030 and all available data characterizing these wastes, the Agency

has determined that these wastes represent a single waste treatability group.

K016, KOla, K019, K020, and K030 are all still bottoms generated by similar

processes: the chlorination or oxychlorination of hydrocarbon feedstocks

often at high temperatures and pressures. Wastes generated as column bottoms

from the purification of chlorinated organic product streams are typically

comprised of chlorinated aliphatic and aromatic compounds such as chlorinated

ethanes, methanes, benzenes, and butadienes. These wastes typically contain

low concentrations of metals. Although the concentrations of specific con

stituents will vary from facility to facility, all of the wastes contain

similar levels of BOAT organics and metals and are expected to be treatable to

the same levels using the same technology. As a result, EPA has examined the

sources and characteristics of the wastes, applicable and demonstrated

treatment technologies, and attainable treatment performance in order to

support a single regulatory approach for these five chlorinated organic

chemicals wastes.
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-This constituent has not been detected in the waste or represents less than
1~ of the total composition.

Sources: Environ Report (Reference 9), Onsite Engineering Report for Rollins
(Reference 10), Analytical Data Reports (Reference 11).

-This information has been claimed as RCRA Confidential Business Information.
The information is available in the confidential portion of the
Administrative Record for this rUlemaking.
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Table 2-4

AVAILABLE CHARACTERIZATION DATA FOR K016

Source of Data:

BOAT List Organics

Untreated Waste Concentration, ppm
(a) (b) Range

Volatiles

42. Tetrachloroethene

Semivolatiles

110. Hexachlorobenzene

111. Hexachlorobutadiene

112. Hexachlorocyclopentadiene

113. Hexachloroethane

Other Parameters

pH (standard units)

-

-
-
-
-

(c)

5.7

-

-
•

-
-

-

-
-
-
-

(a) Analytical Data Report (Reference 11).
(b) Analytical Data Report (Reference 11).
(c) Environ Report, Reference 9.

-This information has been claimed as RCRA Confidential Business Information.
The information is available in the confidential portion of the
Administrative Record for this rulemaking.
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Table 2-5

AVAILABLE CHARACTERIZATION DATA FOR KOla

Untreated Waste Concentration, ppm
Source of Data: ~....i£L Range

BOAT List Organics

Volatiles

12. Chloroethane

15. Chloromethane

22. 1,1-Dichloroethane

23. 1,2-Dichloroethane

45. 1, 1, 1-Trichloroethane

46. 1,1,2-Trichloroethane

Semivolatiles

110. Hexachlorobenzene

111. Hexachlorobutadiene

113. Hexachloroethane

137. Pentachloroethane

Other Parameters

No data are available.

•
•

-
-
•

-

-
•

-
it

•

-
-
-
-
•

•
•
it

it

•
•
it

-
it

-
•

-
it

it

(a) Analytical Data Report (Reference 11).
(b) Analytical Data Report (Reference 11).
(c) This constituent was also detected in the blank; Results of the blank

analysis were not contained in the ADR. The contaminant concentration
in the blank is believed to be insignificant in comparison to the
constituent concentration in the corresponding sample.

-This information has been claimed as RCRA Confidential Business Information.
The information is available in the confidential portion of the
Administrative Record for this rulemaking.

2-23



Table 2-6

AVAILABLE CHARACTERIZATION DATA FOR K019

Untreated Waste Concentration, ppm
Source of Data: (a) (b) (d) Range

BDAT List Organics

Volatiles

1. Carbon tetrachloride 3,500-4,100 • • *
9. Chlorobenzene <2,000-3,000 * • *

14. Chloroform 4,600-6,000 • • *
22. l,1-Dichloroethane <2,000-2,200 * • •
23. 1,2-Dichloroethane 81,000- • • •

130,000

41. 1,1,2,2-Tetrachloroethane <2,000 • • •
42. Tetrachloroethene 6,000-1,800 • • •
45. 1, 1,1-Trichloroethane 33,000-81,000 • • *
46. 1,1,2-Trichloroethane <2,000 • • •
41. Trichloroethene 2,200-3,210 • • •

Semivolatiles

68. Bis(2-chloroethyl) ether 280-340 • • •

(a) Onsite Engineering Report from Rollins Environmental Services, Deer Park, TX, Table
6-3, Referenc. 10

(b) Analytical Data Report (Reference 11).
(c) This constituent was also detected in the blank; results of the blank

analysis were not contained in the ADR. The contaminant concentration
in the blank is believed to be insignificant in comparison to the constituent
concentration in the corresponding sample.

(d) Analytical Data Report (Reference 11).
NA - Not Analyzed

·This information has been claimed as RCRA Confidential Business Information.
The information is available in the confidential portion of the
Administrative Record for this rulemaking.
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Table 2-6 (Continued)

AVAILABLE CHARACTERIZATION DATA fOR K019

Source of Data:
Untreated Waste Concentration, ppm

BOAT List Organics (Continued)

Semivolatiles (Continued)

88. p-Dichlorobenzene

109. Fluorene

110. Hexachlorobenzene

111. Hexachlorobutadiene

113. Hexachloroethane

121. Naphthalene

136. Pentachlorobenzene

141. Phenanthrene

148. 1,2,4,5-Tetrachlorobenzene

150. 1,2,4-Trichlorobenzene

BOAT List Metals

155. Arsenic

156. Barium

158. Cadmium

74-90

16-22

60-87

<50

85-120

314-470

51-65

11-21

62-86

65-100

<0.2-1.2

<0.9-0.97

<0.3 - 0.63

•
•
•
•
•
•
•
•
•

-
•
•

-

•
•
•
•
•
•
•

-
•

-

-
-
-

•
•
•

•
•
•
•
•
•

•
•
•

(a) Onsite Engineering Report from Rollins Environmental Services, Deer Park, TX, Table
6-3, Reference 10

(b) Analytical Data Report (Reference 11).
(c) This constituent was also detected in the blank; results of the blank analysis were

not contained in the ADR. The contaminant concentration in the blank is believed
to be insignificant in comparison to the constituent concentration in the
corresponding sample.

(d) Analytical Data Report (Reference 11).
NA - Not Analyzed

-This information has been claimed as RCRA Confidential Business Information.
The information is available in the confidential portion of the
Administrative Record for this rUlemaking.
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Table 2-6 (Continued)

AVAILABLE CHARACTERIZATION DATA FOR K019

Untreated Waste Concentration, ppm
Source of Data:

BOAT List Inorganics

159. Chromium

160. Copper

161. Lead

163. Nickel

168. Zinc

171. Sulfide

Other Parameters

BTU content (BTU/lb)

Filterable solids (~)

pH (Standard units)

Toe (%)

TOX (%)

Viscosity (mPa-s)

~ ..Jli- (d)

1.8-5.3 It

_

<1.0-3.6 It

_

2.3-3.5 •
_

2.2-6.0

_
•

4.4-9.4 • It

790 • It

~ (c)

4,012-4,944 2,500-4,500

60.4-83.3 0-1

NA 3

NA 14-25

NA 70-85

NA 0.49-2

_

It

It

•
It

•

2,500-4,944

0-83.3

3

14-25

70-85

0.49-2

(a) Onsite Engineering Report from Rollins Environmental Services, Deer Park, TX, TablE
6-3, Reference 10

(b) Analytical Data Report (Reference 11).
(c) Environ Report, Reference 9
(d) Analytical Data Report (Reference 11).
NA - Not Analyzed

-This information has been claimed as RCRA Confidential Business Information.
The information is available in the confidential portion of the
Administrative Record for this rulemaking.
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Table 2-7

AVAILABLE CHARACTERIZATION DATA FOR K020

Untreated Waste Concentration, ppm
Source of Data:

BDATList Organics

Volatiles

23. 1,2 - Dichloroethane

41. 1,1,2,2 - Tetrachloroethane

42. Tetrachloroethene

46. 1,1,2-Trichloroethane

Other Parameters

Filterable solids (~)

pH (standard units)

TOC (~)

TOX (~)

Viscosity (mPa-s)

* *

* *

• *

• •
(b)

0.5

3

38

57

0.85

(a) Analytical Data Report (Reference 11).
(b) Environ Report, Reference 9
(c) This constituent was also detected in the blank; results of the blank

analysis were not contained in the ADR. The contaminant concentration
in the blank i~ believed to be insignificant in comparison to the constituent
concentration in the corresponding sample.

*This information has been claimed as RCRA Confidential Business Information.
The information is available in the confidential portion of the
Administrative Record for this rUlemaking.
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Table 2-8

AVAILABLE CHARACTERIZATION DATA FOR K030

Source of Data:

BOAT List Organics

Volatiles

42. Tetrachloroethene

Semivolatiles

87. a-Dichlorobenzene

88. p-Dichlorobenzene

111. Hexachlorobutadiene

112. Hexachlorocyclopentadiene

113. Hexachloroethane

115. Hexachloropropene

136. Pentachlorobenzene

137. Pentachloroethane

148. 1,2,4,5 - Tetrachlorobenzene

150. 1,2,4 - Trichlorobenzene

Other Parameters

No data are available.

Untreated Waste Concentration, ppm

•

*
•
•
•
•
*

*
•
•
•

•

*
•
•
•
•
*
•
•
•
*

(a) Analytical Data Report (Reference 11) .

•This information has been claimed as RCRA Confidential Business Information.
The information is available in the confidential portion of the
Administrative Record for this rulemaking.
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3.0 APPLICABLE/DEMONSTRATED TREATMENT TECHNOLOGIES

In the previous section of this document, the five chlorinated

organic wastes (K016, K01a, K019, K020, and K030) were characterized and a

single waste treatability group was established for these wastes. In this

section, treatment technologies applicable 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 pre

sented in this section.

3.1 Applicable Treatment Technologies

Since K016, K01a, K019, K020, and K030 contain high concentrations

of organic compounds as shown in Section 2.0, applicable technologies include

those that destroy or reduce the total amount of various organic compounds in

the waste. The Agency has identified the following treatment technologies as

applicable for K016, K01a, K019, K020, and K030: incineration (fluidized bed,

rotary kiln, and liquid injection), critical fluid extraction followed by

incineration of the contaminated SOlvents, and total recycle or reuse. The

first technology, incineration, is a destruction technology in which energy,

in the form of heat, is transferred to the waste to destabilize chemical bonds

and eventually destroy hazardous constituents. In general, two residuals are

generated by incineration processes: ash and scrubber water. The second

technology, critical fluid extraction, is a solvent extraction technology in

which a non-hazardous liquified gas, such as carbon dioxide or propane, is
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used as solvent. In the extraction step, the gas is brought to its critical

state to aid in the extraction of hazardous organic constituents from the

wastes. After the extraction step, the solvent (liquified gas at critical

state) is brought back to its normal condition in the gaseous state and thus

leaves a small volume of concentrated hazardous waste which is further treated

by incineration. The third technology is total recycle or reuse of the waste.

This technology is usually proprietary and varies from facility to facility.

The treatment technologies applicable for treating organics in K016,

K018, K019, K020, and K030 were identified based on current literature sources,

field testing, and current waste treatment practices.

The Agency recognizes that wastewater forms of K016, K018, K019,

K020, and K030, as defined in Section 1.0, may also be generated from the

treatment of these wastes. For example, the incineration of K016, K018, K019,

K020, and K030 generates combustion gas scrubber water that would be

designated as a wastewater form of K016, K018, K019, K020, and K030 derived

from the treatment of these listed wastes. The scrubber water would be

expected to contain low levels of metal and organic constituents since the

untreated wastes contain low concentrations of metals and the majority of

organics would be destroyed in the incinerator. Some wastewaters that are

generated by the treatment of K016, K018, K019, K020, and K030 by other

technologies may contain organic constituents at treatable concentrations.

The Agency has identified the follOWing treatment technologies as potentially

applicable for treatment of wastewater forms of K016, K018, K019,
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K020, and K030: biological treatment, carbon adsorption, and solvent extrac

tion. Since wastewater forms of K016, K018, K019, K020, and K030 may contain

organic hazardous constituents at treatable levels, applicable technologies

include those that destroy or reduce the total amount of various organic

compounds in the waste (i.e., biological treatment, carbon adsorption, and

solvent extraction).

3.2 Demonstrated Treatment Technologies

The demonstrated technologies that the Agency has identified for

treatment of K016, K018, K019, K020, and K030 are total recycle or reuse and

incineration, including rotary kiln, liquid injection, and fluidized bed

incineration. Each of the demonstrated technologies are discussed below. At

this time, the Agency has no information to determine that any of the five

chlorinated waste codes are being treated using critical fluid extraction;

therefore, EPA believes that critical fluid extraction is currently not

demonstrated at full-scale level.

The Agency is not aware of any facilities that treat wastewater

forms of K016, K018, K019, K020, or K030.

A. Total Recycle or Reuse. EPA is aware of three plants that

recycle or reuse K016, K019, or K030 as feedstocks in manufacturing processes.

Specific information regarding the recycle or reuse of these wastes has been

claimed as confidential business information by the facilities.
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B. Incineration. Incineration provides for destruction of the

organics in the waste. As described in Section 1.0, the best measure of

performance for a destruction technology is the total amount of constituent

remaining after treatment. Incineration generally results in the formation of

two treatment residuals: ash and scrubber water. A detailed description of

incineration treatment technology is presented in Section 3.4. The Agency is

aware of ten facilities that treat K016, KOla, K019, K020, and/or K030 at

using liquid injection incineration at a full scale level. Rotary kiln

incineration is also demonstrated at a full scale level for these wastes at

two facilities. The Agency is also aware of one facility that treats wastes

that were generated from the production of vinyl chloride monomer,

perchloroethylene and trichloroethylene, using fluidized bed incineration at a

full scale level.

The treatment process at Plant A which was tested by the Agency

consisted of a rotary kiln, afterburner, and a combustion gas scrubbing

system. Combustion exhaust gases from the rotary kiln pass through the kiln

exit duct to the afterburner chamber. Kiln ash residue is collected in a

storage bin. K019 and another waste were fed to the rotary kiln for treatment

by incineration. The K019 treated during the sampling episode was generated

during the clean out of a purification column in an ethylene dichloride

manufacturing process. The ethylene dichloride manufacturing process used by

the generator is the combined ethylene chlorination and oxychlorination

process described in Section 2.1.3. The other waste incinerated with K019

(referred to by plant personnel as "RCRA Blend") was a mixture of various
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industrial wastes including water, oil, and solvents recovered from a waste

treatment step at a waste disposal company.

Combustion exhaust gases from the rotary kiln (from rotary kiln

treatment of K019 and RCRA Blend waste), and two other wastes ("PCB Blend"

waste and mercaptan-contaminated waste) were fed to the afterburner and

combustion gas scrubber system for treatment by incineration and wet gas

scrubbing. PCB Blend waste is a mixture of RCRA Blend waste and various

PCB-containing waste oils including mineral, hydraulic, and transformer oils.

Mercaptan-contaminated waste is comprised of site run-off water from plant A

and wastewater received by plant A from other sources.

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.

The demonstrated technology for treatment of K016, K018, K019, K020, and K030,

incineration (rotary kiln, fluidized bed, and liquid injection incineration),

is considered to be commercially available.

The wastes in this treatability group as generated or upon heating

are amenable to pumping and can readily be atomized. This has facilitated the

use of liquid injection incineration systems onsite adjacent to the waste

3-5



generating units. When these wastes are allowed to cool they become viscous

and therefore, difficult to atomize. It is common practice to containerize

these wastes for offsite transport and disposal. The containerized wastes can

be incinerated in a rotary kiln incineration system, as was the case at plant

A.

Methods of total recycle or reuse are not considered to be

commercially available as they are proprietary or patented process and cannot

be purchased or licensed.

3.4

3.4. ,

Detailed Description of the Demonstrated Treatment Technology

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 of these technologies,

the underlying principles of operation, a technology description, waste

characteristics that affect performance, and finally important design and

operating parameters. As appropriate, the subsections are divided by type of

incineration unit.

3-6



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 particle 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 technologies to 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.
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Underlying Principles 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 destablized, 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 C02 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.
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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.

Destruction 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) improved heat transfer due to fluidization of the waste using

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

turbulence (i.e., mixing) between the waste 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

additional 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 system 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
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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

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, 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
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(approximately three times that of flue gas at the same temperature), thereby

providing a large heat reservoi~. 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

suspended in the combustion zone. (See Figure 3-3.)

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
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step to remove Hel and other halo-acids from the combustion gases. Ash in the

waste is not destroyed in the combustion process. ~sh 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.

Particulate emissions from most hazardous waste combustion systems generally

have particle diameters less than one micron and require high efficiency

collection devices to minimize air emissions. 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 energy, the formation of intermediates, and interactions

between different molecular bonds) may have a significant influence on acti

vation energy.
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Because of the shortcomings of bond energies in estimating activa

tion energy, EP~ analyzed other waste characteristic parameters to determine

if these parameters would provide a better basis for transferring treatment

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. ~ll 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,

EP~ decided not to use structural classes because it believes that evaluation

of bond dissociation energies allows for a more direct determination 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,
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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

volatilization, EPA will examine thermal conductivity of the entire waste and

boiling point of the various constituents. Relative to destruction of

organics, 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 waste; the

discussion relative to bond energies is the same for these technologies as for

liquid injection and will not be repeated here.

(1) Thermal Conductivity. 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
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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

characteristic, EPA will use thermal conductivity; an explanation of this

parameter, as well as how it can be measured, is provided below. Heat flow by

conduction is proportional to the temperature gradient across the material.

The proportionality 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, Compara

tive, Longitudinal Heat Flow Technique"; it is described in an Appendix to

this technology section.) In theory, thermal conductivity would always

provide a good indication of whether a constituent in an untested waste would

be treated to the same extent in the primary incinerator chamber as it had

been treated in a previously tested waste.

In practice, there are some limitations in assessing the

transferability 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

limitations 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.,
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significant 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.

Btu value, specific heat, and ash content were 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.
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Incine~ation Design and Ope~ating Pa~amete~s

Liquid Injection

Fo~ a liquid injection unit, EPA's analysis of whethe~ the unit is

well designed will focus on (1) the likelihood that sufficient ene~gy is

p~ovided to the waste to ove~come the activation level fo~ destabilizing

molecula~ bonds and (2) whether sufficient oxygen is p~esent to convert the

waste constituents to carbon dioxide and wate~ vapo~. The specific design

pa~amete~s that the Agency will evaluate to assess whethe~ these conditions

are met are: temperature, excess oxygen, and ~esidence time. Below is a

discussion of why EPA believes these parameters to be impo~tant, as well as a

discussion of how these pa~ameters will be monito~ed during operation.

It is important to point out that, relative to the development of

land disposal ~estriction standards, EPA is only concerned with .these design

parameters when a quench water or scrubbe~ water residual is generated from

treatment of a particular 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 conce~ned

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 measu~e of the energy available (i.e., Btu/hr) to overcome the
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activation energy of waste constituents. ~s the design temperature increases,

the more likely it is that the molecular bonds will be destabilized and the

reaction ~ompleted.

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

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

constituents 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 force 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
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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

organic constituents are being converted to C02 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

calorimeter. The volume of combustion gas generated from the waste to be

incinerated is determined from an analysis referred to as an ultimate

analysis. This analysis determines the amount of elemental constituents

present, which includes 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
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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.

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 Injection." These

parameters will not be discussed again here.

The particular design parameters to be evaluated for the primary

chamber are: kiln temperature, residence time, and revolutions per minute.

Below is a discussion of why EPA believes these parameters to be important, as

well as how these parameters will be monitored during operation.

(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 illiquid InJection ll
, temperature should be
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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

constituents. The residence time of solids and gases in the kiln is a

function 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-
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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 the amount of heat supplied to the waste. In general, as the pressure

drop increases, both the turbulence and heat supplied increase. The 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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Appendix to Incineration Section

The comparative method of measuring thermal conductivity has been

proposed as an ASTM test method under the name "Guarded, Comparative, Logi

tudinal Heat Flow Technique". A thermal heat flow circuit is used, which is

the analog of an electrical circuit with resistances in series. A reference

material is chosen to have a thermal conductivity close to that estimated for

the sample. Reference standards (also known as heat meters) having the same

cross-sectional dimensions as the sample are placed above and below the

sample. An upper heater, a lower heater, and a heat sink are added to the

"stack" to complete the heat flow circuit. See Figure 1.

The temperature gradients (analogous to potential differences) along

the stack are measured with type K (chromel/alumel) thermocouples placed at

known separations. The thermocouples are placed into holes or grooves in the

references and also in the sample whenever the sample is thick enough to

accommodate them.

For molten samples, pastes, greases, and other materials that must

be contained, the material is placed into a cell consisting of a top and

bottom of Pyrex 7740 and a containment ring of marinite. The sample is 2

inches in diameter and .5 inches thick. Thermocouples are not placed into the

sample but rather the temperatures measured in the Pyrex are extrapolated to

.give the temperature at the top and bottom surfaces of the sample material.

The Pyrex disks also serve as the thermal conductivity reference material.
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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

placed 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 method 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

Oin = Atop (dTldx)top

and the heat out of the sample is given by

Oout = Abottom (dTldx)bottom

where

A = thermal conductivity

dT/dx = temperature gradient

3-30



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 Qin and Qout

would be equal. I: Qin and Qout are in reasonable agreement, the average heat

flow is calculated from

Q = (Qin + Qout)/2

The sample thermal conductivity is then found from

Asample = Q/(dT/dx)sample

The result for the K102 Activated Charcoal Waste tested here is

given in Table 4-1. The sample was held at an average temperature of 420 C

with a 530 C temperature drop across the sample for approximately 20 hours

before the temperature profile became steady and the conductivity measured.

At the conclusion of the test it appeared that some "drying" of the sample had

occurred.
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4.0 AVAILABLE PERFORMANCE DATA

This section presents the data available to the Agency on the

treatment of waste K019. Data collected by EPA are available for rotary kiln

incineration treatment. EPA's use of this data to develop treatment standards

is discussed in Section 5.0 (Identification of BOAT) and Section 1.0 (Calcula

tion of Treatment Standards). Treatment performance data submitted by indus

try are also presented in this section. Data are available for fluidized bed

incineration of wastes generated from the production of vinyl chloride

monomer, perchloroethylene, and trichloroethylene. EPA did not use the data

submitted by industry to develop treatment standards for K016, K018, K019,

K020, and K030, as discussed in Section 5.0.

Tables 4-1 through 4-6 present, by sample set, the BOAT List con

stituents detected in the untreated (K019 and RCRA Blend) and treated (rotary

kiln ash) wastes collected by EPA from the rotary kiln incineration treatment

system at plant A. Tables 4-7 through 4-12 present, by sample set, the BOAT

List constituents detected in the untreated (K019, RCRA Blend, PCB Blend, and

mercaptan-contaminated waste) and treated (scrubber water) wastes collected by

EPA from the combustion gas scrubber treatment system following the rotary

kiln at plant A. Tables 4-1 through 4-12 also present design and operating

data for each sample set. Testing procedures used to analyze these constitu

ents are specifically identified in the analytical quality assurance/quality

control discussion of this background document (Appendix D).
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Tables 4-13 through 4-15 present, by test run, concentrations of the

principal organic hazardous constituents (POHCs) detected in the untreated

wastes (generated from the production of vinyl chloride monomer, perchloro

ethylene, and trichloroethylene) and the treated waste (incinerator ash and

scrubber water) wastes from the fluidized bed incineration system from plant

B. These tables also present operating conditions for each test.
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Table 4-1

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - ROTARY KILN INCINERATOR

SAMPLE SET 01

Detected BDAT List
Organic Constituents

Untreated
K019

Concentration
mg/kg
~

Waste
RCRA Blend

Concentration
mg/kg
~

Treated Waste
Kiln Ash

Concentration
mg/kg
i.EE!!!l

VOLATILES
4. Benzene
7. Carbon tetrachloride
9. Chlorobenzene

14. Chloroform
22. 1,1-Dichloroethane
23. 1,2-Dichloroethane
34. Methyl ethyl ketone
38. Methylene chloride
42. Tetrachloroethene
43. Toluene
45. 1,1,1-Trichloroethane
47. Trichloroethene

215-217. Xylene (total)
222. Acetone
226. Ethyl benzene
229. Methyl isobutyl ketone

SEMI VOLATILES
51. Acenaphthalene
57. Anthracene
65. Benzo(k)fluoranthene
68. Bis(2-chloroethyl) ether
70. Bis(2-ethylhexyl) phthalate
80. Chrysene
87. o-Dichlorobenzene
88. p-Dichlorobenzene
98. Di-n-butyl phthalate

108. Fluoranthene
109. Fluorene
110. Hexachlorobenzene

<2,000 2,000
4,000 <8
3,000 <8
4,600 <8
2,200 <8

93,000 <8
<1,000 940
<1,000 910
7,300 490

<200 2,300
81,000 130

3,210 360
<200 3,400

<1,000 1,200
<200 2,200

<1,000 1,100

<,° 150
<1O 110
<1O 67
280 <20
<10 40
SNA 28
<1O 250

81 32
<1O 31
<1O 12O
20 53
69 <100

<2
<2
<2
<2
<2
<2

<10
<10

<2
<2
<2
<2
<2

<10
<2

<10

<2
<2
<2
<2
<2
<2
<2
<2
<2
<2
<2

<10

SNA A standard is not available; the compound was searched using an NBS Library data
base of 42,000 compounds. The compound was not detected.

- Only one sample of RCRA Blend waste was taken. The results are repeated in each
sample set.
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Table 4-1 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - ROTARY KILN INCINERATOR

SAMPLE SET #1 (Continued)

Untreated Waste Treated Waste
K019 RCRA Blend· Kiln Ash Kiln A.

Concentration Concentration Concentration TCLP
Detected BOAT List mg/kg mg/kg mg/kg mg/L
Organic Constituents ~ ~ lli!!U. i££!!!l
SEMIVOLATILES (Continued)
111. Hexachlorobutadiene <50 210 <10
113. Hexachloroethane 120 <100 <10
121. Naphthalene 470 <20 <2
126. Nitrobenzene <25 3,400 <5
136. Pentachlorobenzene 61 <100 <10
141. Phenanthrene 21 240 <2
142. Phenol <10 78 <2
145. Pyrene <10 200 <2
148. 1,2,4,5-Tetrachlorobenzene 76 <50 <5
150. 1,2,4-Trichlorobenzene 100 <50 <5

Detected BOAT List Metal
and Inorganic Constituents

METALS
154. Antimony <6.0 24 8.0 <0.060
155. Arsenic 1.2 94 3.6 <0.002
156. Barium 0.97 1.3 26 0.033
158. Cadmium 0.63 <0.3 0.66 <0.003
159. Chromium 4.0 40 44 0.200
160. Copper 2. 1 165 2,370 2.690
161. Lead 3.4 27 120 0.380
163. Nickel 3.0 8.8 66 0.680
165. Silver <0.9 <0.9 3.3 <0.009
167. Vanadium <2.0 2.2 4. 1 <0.020
168. Zinc 5.8 4,170 12 0.052

INORGANICS
169. Total Cyanide <0.5 0.9 <0.47
170. Fluoride <5.0 31 38
171. Sulfide 790 830 68

-Only one sample of RCRA Blend waste was taken. The results are repeated in each
sample set.
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Table 4-1 (Continued)

TREATMENT PERfORMANCE DATA COLLECTED BY EPA tOR K019
PLANT A - ROTARY KILN INCINERATOR

SAMPLE SET #1 (Continued)

DESIGN AND OPERATING PARAMETERS

Parameter

Kiln Temperature (oF)+
Kiln Solids Residence Time (min)
Waste Feed Rate (MMBTU/hr)+

Kiln Rotational Speed (RPM)

Design

If

If

If

If

Operating Value

1825-1900
120

KO 19: 13. 1
RCRA Blend,
Waste Burner #1: 3.9-5.5
RCRA Blend,
Waste Burner #2: 4.4-9.7

0.19-0.21

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

*This information has been claimed as RCRA Confidential Business Information.
The information is available in the confidential portion of the
Administrative Record for this rUlemaking.
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Table 4-2

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - ROTARY KILN INCINERATOR

SAMPLE SET #2

Untreated Waste Treated Waste
K019 RCRA Blend- Kiln Ash

Concentration Concentration Concentration
Detected BDAT List mg/kg mg/kg mg/kg
Organic Constituents ~ ~ ~

VOLATILES
4. Benzene <2,000 2,000 <2
7. Carbon tetrachloride 3,800 <8 <2
9. Chlorobenzene <2,000 <8 <2

14. Chloroform 5,800 <8 <2
22. 1,1-Dichloroethane <2,000 <8 <2
23. 1,2-Dichloroethane 96,000 <8 <2
34. Methyl ethyl ketone <10,000 940 <10
38. Methylene chloride <10,000 910 <10
42. Tetrachloroethene 6,700 490 <2
43. Toluene <2,000 2,300 <2
45. 1,1,1-Trichloroethane 33,000 130 <2
47. Trichloroethene 2,400 360 <2

215-217. Xylene (total) <2,000 3,400 <2
222. Acetone <10,000 1,200 <1O
226. Ethyl benzene <2,000 2,200 <2
229. Methyl isobutyl ketone <10,000 1,100 <10

SEMIVOLATILES
51. Acenaphthalene <10 150 <2
57. Anthracene <10 11O <2
65. Benzo(k)fluoranthene <10 67 <2
68. Bis(2-chloroethyl) ether 280 <20 <2
70. Bis(2-ethylhexyl) phthalate <10 40 <2
80. Chrysene SNA 28 <2
87. o-Dichlorobenzene <10 250 <2
88. p-Dichlorobenzene 74 32 <2
98. Di-n-butyl phthalate <10 31 <2

108. Fluoranthene <10 120 <2
109. Fluorene 16 53 <2
11O. Hexachlorobenzene 60 <100 <10

SNA A standard is not available; the compound was searched using an NBS Library data
base of 42,000 compounds. The compound was not detected.

- Only one sample of RCRA Blend waste was taken. The results are repeated in each
sample set.
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Table 4-2 (Continued)

TREATMENT PERfORMANCE DATA COLLECTED BY EPA tOR K019
PLANT A - ROTARY KILN INCINERATOR

SAMPLE SET #2 (Continued)

Untreated Waste Treated Waste
K019 RCRA Blend- Kiln Ash Kiln Ash

Concentration Concentration Concentration TCLP
Detected BOAT List mg/kg mg/kg mg/kg mg/L
Organic Constituents ~ i.EE!l2. i.EE!l2. ~

SEMIVOLATILES (Continued)
111. HeKachlorobutadiene <50 210 <10
113. HeKachloroethane 85 <100 <10
121. Naphthalene 314 <20 <2
126. Nitrobenzene <25 3,400 <5
136. Pentachlorobenzene 51 <100 <10
141. Phenanthrene 15 240 <2
142. Phenol <10 78 <2
145. Pyrene <10 200 <2
148. l,2,4,5-Tetrachlorobenzene 62 <50 <5
150. 1,2,4-Trichlorobenzene 65 <50 <5

Detected BOAT List Metal
and Inorganic Constituents

METALS
154. Antimony <6.0 24 6.8 <0.060
155. Arsenic <0.2 94 2.8 <0.002
156. Barium <0.9 1.3 23 0.036
158. Cadmium 0.46 <0.3 0.96 0.004
159. Chromium 3.4 40 60 0.130
160. Copper 1.7 165 3,430 2.380
161. Lead 2.3 27 42 0.260
163. Nickel 3.6 8.8 89 0.560
165. Silver <0.9 <0.9 3.4 <0.009
167. Vanadium <2.0 2.2 4.8 <0.020
168. Zinc 6.9 4,170 13 0.071

INORGANICS
169. Total Cyanide <0.5 0.9 <0.47
170. tluor ide <5.0 31 5. 1
171. Sulfide NA 830 <50

NA Not Analyzed.

-Only one sample of RCRA Blend waste was taken. The results are repeated in each
sample set.
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Table 4-2 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - ROTARY KILN INCINERATOR

SAMPLE SET #2 (Continued)

DESIGN AND OPERATING PARAMETERS

Parameter

Kiln Temperature (oF)+
Kiln Solids Residence Time (min)
Waste Feed Rate (MMBTU/hr)+

Kiln Rotational Speed (RPM)

Design

*
*
*

*

Operating Value

1800-1880
120

K019: 12.2
RCRA Blend,
Waste Burner #1: 5.2-5.5
RCRA Blend,
Waste Burner #2: 4.4-9.7

0.19-0.21

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

*This information has been claimed as RCRA Confidential Business Information.
The information is available in the confidential portion of the
Administrative Record for this rulemaking.
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Table 4-3

TREATMENT PERFORMANCE DATA COLLECTED BY EPA ~OR K019
PLANT A - ROTARY KILN INCINERATOR

SAMPLE SET #3

Detected BOAT List
Organic Constituents

VOLATILES
4. Benzene
7. Carbon tetrachloride
9. Chlorobenzene

14. Chloroform
22. 1,1-Dichloroethane
23. 1,2-Dichloroethane
34. Methyl ethyl ketone
38. Methylene chloride
42. Tetrachloroethene
43. Toluene
45. 1,1,1-Trichloroethane
47. Trichloroethene

215-217. Xylene (total)
222. Acetone
226. Ethyl benzene
229. Methyl isobutyl ketone

SEMI VOLATILES
51. Acenaphthalene
57. Anthracene
65. Benzo(k)fluoranthene
68. Bls(2-chloroethyl) ether
70. Bis(2-ethylhexyl) phthalate
80. Chrysene
87. o-Dichlorobenzene
88. p-Dichlorobenzene
98. Di-n-butyl phthalate

108. Fluoranthene
109. Fluorene
110. Hexachlorobenzene

Untreated
K019

Concentration
mg/kg
i.2.Q!!!.l

<2,000
3,500

<2,000
5,000

<2,000
87,000

<10,000
<10,000

6,000
<2,000
34,000
2,200

<2,000
<10,000
<2,000

<10,000

<10
<10
<10
290
<10
SNA
<10
80

<10
<10

19
73

Waste
RCRA Blend.

Concentration
mg/kg
lli!!!l

2,000
<8
<8
<8
<8
<8

940
910
490

2,300
130
360

3,400
1,200
2,200
1,100

150
110
67

<20
40
28

250
32
31

120
53

<100

Trea ted Was tl
Kiln Ash

Concentratio'
mg/kg
iE£!!U

<2
<2
<2
<2
<2
<2

<10
<10

<2
<2
<2
<2
<2

<10
<2

<10

<2
<2
<2
<2
<2
<2
<2
<2
<2
<2
<2

<10

SNA A standard is not available; the compound was searched using an NBS Library data
base of 42,000 compounds. The compound was not detected.

• Only one sample of RCRA Blend waste was taken. The results are repeated in each
sample set.

4-9



Table 4-3 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - ROTARY KILN INCINERATOR

SAMPLE SET #3 (Continued)

Detected BOAT List
Organic Constituents

Untreated Waste
K019 RCRA Blend·

Concentration Concentration
mg/kg mg/kg
~ i2E!l2.

Treated Waste
Kiln Ash Kiln Ash

Concentration TeLP
mg/kg mg/L
~ lli!!l2.

SEMIVOLATILES (Continued)
111. Hexachlorobutadiene
113. Hexachloroethane
121. Naphthalene
126. Nitrobenzene
136. Pentachlorobenzene
141. Phenanthrene
142. Phenol
145. Pyrene
148. 1,2,4,5-Tetrachlorobenzene
150. 1,2,4-Trichlorobenzene

Detected BOAT List Metal
and Inorganic Constituents

<50
95

350
<25
59
11

<10
<10

67
70

210
<100

<20
3,400

<100
240

78
200
<50
<50

<10
<10

<2
<5

<10
<2
<2
<2
5

<5

METALS
154. Antimony
155. Arsenic
156. Barium
158. Cadmium
159. Chromium
160. Copper
161. Lead
163. Nickel
165. Silver
167. Vanadium
168. Zinc

INORGANICS
169. Total Cyanide
170. Fluor ide
171. Sulfide

NA = Not Analyzed.

<6.0 24 9.2 <0.060
<0.2 94 5.7 <0.002
<0.9 1.3 54 0.057
0.53 <0.3 3.6 0.005

3.5 40 202 0.260
1.7 165 2,290 7.030
3.4 27 118 0.620
2.3 8.8 169 0.960

<0.9 <0.9 1.9 <0.009
<2.0 2.2 6.0 <0.020
4.4 4,170 16 0.170

<0.5 0.9 <0.47
<5.0 31 6. 1

NA 830 64

• Only one sample of RCRA Blend waste was taken. The results are repeated in each
sample set.
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Table 4-3 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - ROTARY KILN INCINERATOR

SAMPLE SET #3 (Continued)

DESIGN AND OPERATING PARAMETERS

Parameter

Kiln Temperature (oF)+
Kiln Solids Residence Time (min)
Waste Feed Rate (MMBTU/hr)+

Kiln Rotational Speed (RPM)

Design

*•
•

-

Operating Value

1850-1900
120

K019: 12.4
RCRA Blend,
Waste Burner #1: 5.2-5.8
RCRA Blend,
Waste Burner #2: 4.4-8.4

0.19-0.21

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

-This information has been claimed as RCRA Confidential Business Information.
The information is available in the confidential portion of the
Administrative Record for this rulemaking.
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Table 4-4

TREATMENT PERrORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - ROTARY KILN INCINERATOR

SAMPLE SET #4

Detected BDAT List
Organic Constituents

Untreated
K019

Concentration
mg/kg
l2E!!!.l

Waste
RCRA Blend*

Concentration
mg/kg
i£2!!!2.

Treated Waste
Kiln Ash

Concentration
mg/kg
i£2!!!2.

VOLATILES
4. Benzene
7. Carbon tetrachloride
9. Chlorobenzene

14. Chloroform
22. l,l-Dichloroethane
23. 1,2-Dichloroethane
34. Methyl ethyl ketone
38. Methylene chloride
42. Tetrachloroethene
43. Toluene
45. l,l,l-Trichloroethane
47. Trichloroethene

215-217. Xylene (total)
222. Acetone
226. Ethyl benzene
229. Methyl isobutyl ketone

SEMIVOLATILES
51. Acenaphthalene
57. Anthracene
65. Benzo(k)fluoranthene
68. Bis(2-chloroethyl) ether
70. Bis(2-ethylhexyl) phthalate
80. Chrysene
87. o-Dichlorobenzene
88. p-Dichlorobenzene
98. Di-n-butyl phthalate

108. Fluoranthene
109. Fluorene
110. Hexachlorobenzene

<2,000 2,000
3,900 <8

<2,000 <8
5,300 <8

<2,000 <8
122,000 <8
<10,000 940
<10,000 910

7,200 490
<2,000 2,300
44,000 130
2,300 360

<2,000 3,400
<10,000 1,200

<2,000 2,200
<10,000 1,100

<10 150
<10 110
<10 67
310 <20
<10 40
SNA 28
<10 250
84 32

<10 31
<10 120

21 53
61 <100

<2
<2
<2
<2
<2
<2

<10
<10

<2
<2
<2
<2
<2

<10
<2

<10

<2
<2
<2
<2
12
<2
<2
<2

230
<2
<2

<10

SNA A standard is not available; the compound was searched using an NBS Library data
base of 42,000 compounds. The compound was not detected.

*Only one sample of RCRA Blend waste was taken. The results are repeated in each
sample set.
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Table 4-4 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - ROTARY KILN INCINERATOR

SAMPLE SET U4 (Continued)

Detected BOAT List
Organic Constituents

Untreated Waste
K019 RCRA Blend*

Concentration Concentration
mg/kg mg/kg
iE2!!!.2. l.I2E!!!.2.

Treated Waste
Kiln Ash Kiln Ash

Concentration TCLP
mg/kg mg/L
~ ~

SEMIVOLATILES (Continued)
111. Hexachlorobutadiene
113. Hexachloroethane
121. Naphthalene
126. Nitrobenzene
136. Pentachlorobenzene
141. Phenanthrene
142. Phenol
145. Pyrene
148. 1,2,4,5-Tetrachlorobenzene
150. 1,2,4-Trichlorobenzene

Detected BOAT List Metal
and Inorganic Constituents

<50
94

360
<25

64
19

<10
<10
82
74

210
<100

<20
3,400

<100
240

78
200
<50
<50

<10
<10

<2
<5

<10
<2
<2
<2
<5
<5

METALS
154. Antimony
155. Arsenic
156. Barium
158. Cadmium
159. Chromium
160. Copper
161. Lead
163. Nickel
165. Silver
167. Vanadium
168. Zinc

INORGANICS
169. Total Cyanide
170. Fluor ide
171. Sulfide

NA = Not Analyzed.

<6.0 24 <6.0 <0.060
<0.2 94 5.7 <0.002
<0.9 1.3 8.4 0.036
<0.3 <0.3 <0.3 0.005

1.8 40 28 0.110
<1.0 165 1,270 1.940
2.4 27 25 0.320
2.2 8.8 69 0.870

<0.9 <0.9 2.6 <0.009
<2.0 2.2 <2.0 <0.020
9.4 4,170 11 0.056

<0.5 0.9 <0.47
<5.0 31 3.2

NA 830 <50

* Only one sample of RCRA Blend waste was taken. The results are repeated in each
sample set.
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Table 4-4 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - ROTARY KILN INCINERATOR

SAMPLE SET #4 (Continued)

DESIGN AND OPERATING PARAMETERS

Parameter

Kiln Temperature (oF)+
Kiln Solids Residence Time (min)
Waste Feed Rate (MMBTU/hr)+

Kiln Rotational Speed (RPM)

Design

*
*
It

*

Operating Value

1775-1900
120

K019: 12.7
RCRA Blend,
Waste Burner #1: 5.2-5.8
RCRA Blend,
Waste Burner #2: 4.4-7.3

0.19-0.21

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

*This information has been claimed as RCRA Confidential Business Information.
The information is available in the confidential portion of the
Administrative Record for this rUlemaking.
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Table 4-5

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - ROTARY KILN INCINERATOR

SAMPLE SET 115

Detected BOAT List
Organic Constituents

VOLATILES
4. Benzene
7. Carbon tetrachloride
9. Chlorobenzene

14. Chloroform
22. 1,1-Dichloroethane
23. 1,2-Dichloroethane
34. Methyl ethyl ketone
38. Methylene chloride
42. Tetrachloroethene
43. Toluene
45. 1,1,1-Trichloroethane
47. Trichloroethene

215-217. Xylene (total)
222. Acetone
226. Ethyl benzene
229. Methyl isobutyl ketone

Untreated
K019

Concentration
mg/kg
~

<2,000
4,000

<2,000
6,000

<2,000
130,000
<10,000
<10,000

7,800
<2,000
45,000
2,500

<2,000
<10,000
<2,000

<10,000

Waste
RCRA Blend*

Concentration
mg/kg
lli!!!l

2,000
<8
<8
<8
<8
<8

940
910
490

2,300
130
360

3,400
1,200
2,200
1,100

Treated Waste
Kiln Ash

Concentration
mg/kg
l£2!!!2.

<2
<2
<2
<2
<2
<2

<10
<10

<2
<2
<2
<2
<2

<10
<2

<10

SEMIVOLATILES
51. Acenaphthalene <10 150
57. Anthracene <10 110
65. Benzo(k)fluoranthene <10 67
68. Bis(2-chloroethyl) ether 340 <20
70. Bis(2-ethylhexyl) phthalate <10 40
80. Chrysene SNA 28
87. a-Dichlorobenzene <10 250
88. p-Dichlorobenzene 90 32
98. Di-n-butyl phthalate <10 31

108. Fluoranthene <10 120
109. Fluorene 19 53
110. Hexachlorobenzene 87 <100
SNA A standard is not available; the compound was searched using an

base of 42,000 compounds. The compound was not detected.
* Only one sample of RCRA Blend waste was taken. The results are

sample set.
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<2
<2
<2
<2
<2
<2
<2
<2
<2
<2
<2

<10
NBS Library data-

repeated in each



Table 4-5 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - ROTARY KILN INCINERATOR

SAMPLE SET #5 (Continued)

Untreated Waste Treated Waste
K019 RCRA Blend* Kiln Ash Kiln Ash

Concentration Concentration Concentration TCLP
Detected BOAT List mg/kg mg/kg mg/kg mg/L
Organic Constituents ~ ~ ~ ~

SEMIVOLATILES (Continued)
111. Hexachlorobutadiene <50 210 <10
113. Hexachloroethane 113 <100 <10
121. Naphthalene 371 <20 <2
126. Nitrobenzene <25 3,400 <5
136. Pentachlorobenzene 63 <100 <10
141. Phenanthrene 19 240 <2
142. Phenol <10 78 <2
145. Pyrene <10 200 <2
148. 1,2,4,5-Tetrachlorobenzene 73 <50 <5
150. 1,2,4-Trichlorobenzene 72 <50 <5

Detected BOAT List Metal
and Inorganic Constituents

METALS
154. Antimony <6.0 24 9. 1 <0.060
155. Arsenic <0.2 94 3.9 <0.002
156. Barium <0.9 1.3 21 0.054
158. Cadmium 0.36 <0.3 1.2 0.006
159. Chromium 3.2 40 125 0.210
160. Copper 2. 1 165 2,780 2.140
161. Lead 2.5 27 86 0.290
163. Nickel 4.8 8.8 166 1.270
165. Silver <0.9 <0.9 3.3 <0.009
167. Vanadium <2.0 2.2 5.7 <0.020
168. Zinc 4.7 4,170 22 . 0.086

INORGANICS
169. Total Cyanide <0.5 0.9 <0.47
170. Fluoride <5.0 31 23
171. Sulfide NA 830 64

NA = Not Analyzed.

*Only one sample of RCRA Blend waste was taken. The results are repeated in each
sample set.
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Table 4-5 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - ROTARY KILN INCINERATOR

SAMPLE SET #5 (Continued)

DESIGN AND OPERATING PARAMETERS

Parameter

Kiln Temperature (OF).
Kiln Solids Residence Time (min)
Waste Feed Rate (MMBTU/hr).

Kiln Rotational Speed (RPM)

Design

*
*
*

*

Operating Value

1775-1800
120

K019: 11.7
RCRA Blend,
Waste Burner #1: 5.5-6.0
RCRA Blend,
Waste Burner #2: 5.2-9.7

0.19-0.21

.Strip charts for this parameter are included in Appendix C.

*This information has been claimed as RCRA Confidential Business Information.
The information is available in the confidential portion of the
Administrative Record for this rulemaking.
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Table 4-6

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - ROTARY KILN INCINERATOR

SAMPLE SET /16

Detected BDAT List
Organic Constituents

Untreated
K019

Concentration
mg/kg
~

Waste
RCRA Blend·

Concentration
mg/kg
~

Treated Waste
Kiln Ash

Concentration
mg/kg
1£Q!!0.

VOLATILES
4. Benzene
7. Carbon tetrachloride
9. Chlorobenzene

14. Chloroform
22. 1,1-Dichloroethane
23. 1,2-Dichloroethane
34. Methyl ethyl ketone
38. Methylene chloride
42. Tetrachloroethene
43. Toluene
45. 1,1,1-Trichloroethane
41. Trichloroethene

215-211. Xylene (total)
222. Acetone
226. Ethyl benzene
229. Methyl isobutyl ketone

SEMIVOLATILES
51. Acenapthalene
51. Anthracene
65. Benzo(k)fluoranthene
68. Bis(2-chloroethyl) ether
10. Bis(2-ethylhexyl) phthalate
80. Chrysene
87. o-Dichlorobenzene
88. p-Dichlorobenzene
98. Di-n-butyl phthalate

108. Fluoranthene
109. Fluorene
110. Hexachlorobenzene

<2,000 2,000
4,100 <8

<2,000 <8
5,600 <8

<2,000 <8
98,000 <8

<10,000 940
<10,000 910

6,900 490
<2,000 2,300
44,000 130
2,500 360

<2,000 3,400
<10,000 1,200
<2,000 2,200

<10,000 1,100

<10 150
<10 110
<10 61
330 <20
<10 40
SNA 28
<10 250
90 32

<10 31
<10 120
22 53
66 <100

<2
<2
<2
<2
<2
<2

<10
<10

<2
<2
<2
<2
<2

<10
<2

<10

<2
<2
<2
<2
<2
<2
<2
<2
<2
<2
<2

<10

SNA A standard is not available; the compound was searched using an NBS Library data
base of 42,000 compounds. The compound was not detected.

if Only one sample of RCRA Blend waste was taken. The results are repeated in each
sample set.
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Table 4-6 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - ROTARY KILN INCINERATOR

SAMPLE SET #6 (Continued)

Detected BOAT List
Organic Constituents

Untreated Waste
K019 RCRA Blend*

Concentration Concentration
mg/kg mg/kg
~ lli!!!2.

Treated Waste
Kiln Ash Kiln Ash

Concentration TCLP
mg/kg mg/L
~ ~

SEMIVOLATILES (Continued)
111. Hexachlorobutadiene
113. Hexachloroethane
121. Naphthalene
126. Nitrobenzene
136. Pentachlorobenzene
141. Phenanthrene
142. Phenol
145. Pyrene
148. 1,2,4,5-Tetrachlorobenzene
150. 1,2,4-Trichloroenzene

Detected BOAT List Metal
and Inorganic Constituents

<50
88

390
<25
65
17

<10
<10
86
79

210
<100

<20
3,400

<100
240

78
200
<50
<50

<10
<10

<2
<5

<10
<2
<2
<2
<5
<5

METALS
154. Antimony
155. Arsenic
156. Barium
158. Cadmium
159. Chromium
160. Copper
161. Lead
163. Nickel
165. Silver
167. Vanadium
168. Zinc

INORGANICS
169. Total Cyanide
170. Fluoride
171. Sulfide

NA = Not Analyzed.

<6.0 24 9.6 < 0.06
<0.2 94 2.3 <0.002
<0.9 1.3 11 0.027
0.62 <0.3 2.2 0.006
5.3 40 141 0.092
3.6 165 2,520 2.400
3.5 27 34 0.270
6.0 8.8 288 0.690

<0.9 <0.9 3.1 <0.009
<2.0 2.2 8.7 <0.020
8.4 4,170 13 0.061

<0.5 0.9 <0.47
<5.0 31 4.7

NA 830 92

·Only one sample of RCRA Blend waste was taken. The results are repeated in each
sample set.
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Table 4-6 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - ROTARY KILN INCINERATOR

SAMPLE SET #6 (Continued)

DESIGN AND OPERATING PARAMETERS

Parameter

Kiln Temperature (oF)+
Kiln Solids Residence Time (min)
Waste Feed Rate (MMBTU/hr)+

Kiln Rotational Speed (RPM)

Design

*
*
*

*

Operating Value

1775-1850
120

K019: 11.5
RCRA Blend,
Waste Burner #1: 5.2-5.8
RCRA Blend,
Waste Burner #2: 5.2-9.7

0.19-0.21

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

*This information has been claimed as RCRA Confidential Business Information.
The information is available in the confidential portion of the
Administrative Record for this rulemaking.
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Table 4-7

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - COMBUSTION GAS SCRUBBER TREATMENT SYSTEM

SAMPLE SET 11

Untreated Waste Concentration Treated Waste
Mercaptan-

Contaminated Scrubber
K019 RCRA Blend- PCB Blend· Waste· Water

Detected BDAT List mg/kg mg/kg mg/kg mg/L mg/L
Organic Con~tituents ~ ~ 1£Q!!!2. ~ ~

VOLATILES
4. Benzene <2,000 2,000 <2,000 17.0 <0.002
7. Carbon tetrachloride 4,000 <8 <2,000 1. 90 <0.002
9. Chlorobenzene 3,000 <8 <2,000 <0.4 <0.002

14. Chloroform 4,600 <8 <2,000 <0.4 <0.002
21. Dichlorodifluoromethane <200 <8 <2,000 <0.11 <0.002
22. 1,1-Dichloroethane 2,200 <8 <2,000 <0.4 <0.002

~ 23. 1,2-Dichloroethane 93,000 <8 <2,000 <0.11 <0.002
I 34. Methyl ethyl ketone <1,000 9110 <10,000 3.5 <0.01N

...... 38. Methylene chloride <1,000 910 <10,000 <2.0 <0.01
112. Tetrachloroethene 7,300 490 <2,000 <0.11 <0.002
43. Toluene <200 2,300 111,000 3.7 <0.002
45. 1,1,1-Trichloroethane 81,000 130 <2,000 2.3 <0.002
117. Trichloroethene 3,210 360 3,600 <0.11 <0.002

215-217. Xylene (total) <200 3,400 36,000 11.4 <0.002
222. Acetone <1,000 1,200 <10,000 <2.0 <0.01
226. Ethyl benzene <200 2,200 16,000 4. 1 <0.002
229. Methyl isobutyl ketone <1,000 1,100 <10,000 <2.0 <0.01

SEMI VOLATI LES
51. Acenaphthalene <10 150 120 <0.002 <0.002
52. Acenaphthene <10 <20 480 <0.002 <0.002
56. Aniline <25 <50 <250 1.22 <0.005
57. Anthracene <10 110 400 <0.002 <0.002
65. Benzo(k)fluoranthene <10 67 <100 <0.002 <0.002
68. Bis(2-chloroethyl)ether 280 <20 <100 <0.002 <0.002
10. Bis(2-ethylhexyl)phthalate <10 40 <100 0.019 <0.002

* Only one sample of this waste type was taken. The results are repeated in each sample set.



Table 4-1 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - COMBUSTION GAS SCRUBBER TREATMENT SYSTEM

SAMPLE SET #1 (Continued)

Untreated Waste Concentration

+-,
N
N

Detected BDAT List
Organic Constituents

SEMI VOLATILES (Continued)
80. Chrysene
81. ortho-Cresol
81. o-Dichlorobenzene
88. p-Dichlorobenzene
90. 2,~-Dichlorophenol

91. 2,6-Dichlorophenol
98. Di-n-butyl phthalate

104. Di-n-octyl phthalate
108. Fluoranthene
109. Fluorene
110. Hexachlorobenzene
111. Hexachlorobutadiene
113. Hexachloroethane
121. Naphthalene
122. 1,4-Naphthoquinone
126. Nitrobenzene
136. Pentachlorobenzene
141. Phenanthrene
142. Phenol
145. Pyrene
148. l,2,4,5-Tetrachlorobenzene
150. 1,2,4-Trichlorobenzene
152. 2,4,6-Trichlorophenol

K019
mg/kg
i£e!!!.l

SNA
<10
<10

81
<25
<25
<10
<10
<10

20
69

<50
120
410
<10
<25

61
21

<10
<10
16

100
<50

RCRA Blend*
mg/kg
ieE!!!l

28
<20
250

32
<50
<50
31

<20
120
53

<100
210

<100
<20
<20

3,400
<100
240
18

200
<50
<50

<100

PCB Blend*
mg/kg
iQQ!!!l

<100
<100

1,060
460

<250
500
120
430
300
340

<500
<500
<500
400

<100
8,200
1,000

950
1,000

260
1,400

19,000
<500

Mercaptan
Contaminated

Waste·
mg/L
~

<0.002
0.020

2.55
0.260
0.420
0.430
0.012

<0.002
<0.002
<0.002
0.022
0.079
0.018
0.133
0.018
0.027
0.020

<0.002
4.56

<0.002
0.008

1.24
0.031

Treated Waste

Scrubber
Water
mg/L
1QQ!!!l

<0.002
<0.002
<0.002
<0.002
<0.005
<0.005
<0.002
<0.002
<0.002
<0.002
<O.OlD
<0.010
<0.010
<0.002
<0.002
<0.005
<0.010
<0.002
<0.002
<0.002
<0.005
<0.005
<0.010

SNA A standard is not available; the compound was searched using an NBS Library data-base of 42,000
compounds. The compound was not detected.

* Only one sample of this waste type was taken. The results are repeated in each sample set.



Table 4-7 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - COMBUSTION GAS SCRUBBER TREATMENT SYSTEM

SAMPLE SET 11 (Continued)

Untreated Waste Concentration Treated Waste
Mercaptan-

Contaminated Scrubber
K019 RCRA Blend· PCB Blend· Waste- Water

Detected BDAT List Metal, mg/kg mg/kg mg/kg mg/L mg/L
Inorganic and PCB Constituen~s ~ ~ ~ ~ ieE!!!l
METALS
151.1. Antimony <6.0 24 <41 <0.060 0.1.11
155. Arsenic 1.2 94 7.4 <0.020 0.046
156. Barium 0.97 1.3 <19 1.670 0.48
157. Beryllium <0.1 <0. 1 NA <0.001 <0.001
158. Cadmium 0.63 <0.3 <33 <0.003 0.23

+'- 159. Chromium 4.0 40 23.7 <0.009 O. 11
I

160. Copper 2.1 165 107 0.027 1.81N
w 161. Lead 3.4 27 <7.3 0.0064 0.82

162. Mercury <0.05 <0.05 <5.5 <0.001 0.002
163. Nickel 3.0 8.8 6.2 0.037 0.081
165. Silver <0.9 <0.9 <18 0.018 0.085
167. Vanadium <2.0 2.2 <2.6 <0.020 0.16
168. Zinc 5.8 4,170 6810 0.071 11.4

INORGANICS
169. Total Cyanide <0.5 0.9 <0.5 <0.010 <0.01
170. Fluoride <5.0 31 15 0.950 20.0
171. Sulfide 790 830 16,000 17.0 <1.0

PCBs
206. Aroclor 1260 NA NA 33,500 NA NA

NA Not Analyzed.

• Only one sample of this waste type was taken. The results are repeated in each sample set.



Table 4-7 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - COMBUSTION GAS SCRUBBER TREATMENT SYSTEM

SAMPLE SET #1 (Continued)

DESIGN AND OPERATING PARAMETERS DESIGN OPERATING VALUE++

Afterburner Temperature (oF)+ *
Residence Time (sec) *
Waste Feed Rate (MMBTU/hr)+ *

Excess Oxygen Concentration (%)+
Carbon Monoxide Concentration (ppm volume)

NR Not Recorded.

2380
2

PCB Blend Feed Rate:
Mercaptan-Contaminated

Feed Rate: 0.18
6.8

NR

36.1
Waste

+ Strip charts for this parameter are included in Appendix C.
++ See Tables 3-1 through 3-6 for K019 and RCRA Blend feed rates.

*This information has been claimed as RCRA Confidential Business Information.
The information is available in the confidential portion of the
Administrative Record for this rulemaking.
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Table 4-B

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - COMBUSTION GAS SCRUBBER TREATMENT SYSTEM

SAMPLE SET 1J2

Untreated Waste Concentration Treated Waste
Mercaptan-

Contaminated Scrubber
K019 RCRA Blend· PCB Blend· Waste· Water

tected BDAT List mg/kg mg/kg mg/kg mg/L mg/L
'ganic Consti tuents ~ 1EE!!U. ~ ieE!!!l i.QI!!!!l

JLATILES
4. Benzene <2,000 2,000 <2,000 17.0 <0.002
7. Carbon tetrachloride 3,BOO <B <2,000 1.90 <0.002

9. Chlorobenzene <2,000 <B <2,000 <0.4 <0.002

14. Chloroform 5,BOO <B <2,000 <0.4 <0.002
21. Dichlorodifluoromethane <2,000 <B <2,000 <0.4 <0.002

22. 1,1-Dichloroethane <2,000 <B <2,000 <0.4 <0.002
23. 1,2-Dichloroethane 96,000 <B <2,000 <0.1I <0.002

~ 34. Methyl ethyl ketone <10 ,000 940 <10,000 3.5 <0.010

~
3B. Methylene chloride <10,000 910 <10, 000 <2.0 <0.010

'"'\ 42. Tetrachloroethene 6,700 490 <2,000 <0.4 <0.002

43. Toluene <2,000 2,300 41,000 3.7 0.0032

45. 1,1,1-Trichloroethane 33,000 130 <2,000 2.3 <0.002

47. Trichloroethene 2,400 360 3,600 <0.4 <0.002

215-217. Xylene (total) <2,000 3,400 36,000 4.4 <0.002

222. Acetone <10,000 1,200 <10,000 <2.0 <0.01

226. Ethyl benzene <2,000 2,200 16,000 4.1 <0.002

229. Methyl isobutyl ketone <10,000 1,100 <10,000 <2.0 <0.01

SEMI VOLATILES
51. Acenaphthalene <10 150 120 <0.002 <0.002

52. Acenaphthene <10 <20 4BO <0.002 <0.002

56. Aniline <25 <50 <250 1.22 <0.005

51. Anthracene <10 110 400 <0.002 <0.002

65. Benzo(k)fluoranthene <10 61 <100 <0.002 <0.002

6B. Bis(2-chloroethyl)ether 2BO <20 <100 <0.002 <0.002

10. Bis(2-ethylhexyl)phthalate <10 40 <100 0.079 <0.002

• Only one sample of this waste type was taken. The results are repeated in each sample set .



Table 4-8 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - COMBUSTION GAS SCRUBBER TREATMENT SYSTEM

SAMPLE SET 02 (Continued)

Untreated Waste Concentration Treated Waste
Mercaptan-

Contaminated Scrubber
K019 RCRA Blend* PCB Blend* Waste* Water

Detected BDAT List mg/kg mg/kg mg/kg mg/L mg/L
Organic Constituents ~ i.QE!!!.l ~ ~ ~

SEMIVOLATILES (Continued)
80. Chrysene SNA 28 <100 <0.002 <0.002
81. ortho-Cresol <10 <20 <100 0.020 <0.002
87. o-Dichlorobenzene <10 250 1,060 2.55 <0.002
88. p-Dichlorobenzene 74 32 460 0.260 <0.002

~
90. 2,4-Dichlorophenol <25 <50 <250 0.420 <0.005, 91. 2,6-Dichlorophenol <25 <50 500 0.430 <0.005N

(j\ 98. Di-n-butyl phthalate <10 31 120 0.012 0.0063
104. Di-n-octyl phthalate <10 <20 430 <0.002 <0.002
108. Fluoranthene <10 120 300 <0.002 <0.002
109. Fluorene 16 53 3110 <0.002 <0.002
110. Hexachlorobenzene 60 <100 <500 0.022 <0.010
111. Hexachlorobutadiene <50 210 <500 0.079 <0.010
113. Hexachloroethane 85 <100 <500 0.018 <0.010
121. Naphthalene 314 <20 400 0.133 <0.002
122. 1,4-Naphthoquinone <10 <20 <100 0.078 <0.002
126. Nitrobenzene <25 3,400 8,200 0.027 <0.005
136. Pentachlorobenzene 51 <100 1,000 0.020 <0.010
141. Phenanthrene 15 240 950 <0.002 <0.002
142. Phenol <10 78 1,000 4.56 <0.002
145. Pyrene <10 200 260 <0.002 <0.002
148. 1,2,4,5-Tetrachlorobenzene 62 <50 1,400 0.008 <0.005
150. 1,2,4-Trichlorobenzene 65 <50 19,000 1. 24 <0.005
152. 2,4,6-Trichlorophenol <50 <100 <500 0.031 <0.010

SNA A standard is not available; the compound was searched using an NBS Library data-base of 42,000
compounds. The compound was not detected.

* Only one sample of this waste type was taken. The results are repeated in each sample set.



Table 4-8 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - COMBUSTION GAS SCRUBBER TREATMENT SYSTEM

SAMPLE SET #2 (Continued)

Untreated Waste Concentration Treated Waste
Mercaptan-

Contaminated Scrubber
K019 RCRA Blend* PCB Blend* Waste* Water

Detected BDAT List Metal, mg/kg mg/kg mg/kg mg/L mg/L
Inorganic and PCB Qonstituents ~ iE£!!!.l i£E!!!l i£E!!!l ~

METALS
154. Antimony <6.0 24 <41 <0.060 0.39
155. Arsenic <0.2 94 7.4 <0.020 0.038
156. Barium <0.9 1.3 <19 1.670 0.50

+-- 157. Beryllium <0.1 <0. 1 NA <0.001 <0.001
I 158. Cadmium 0.46 <0.3 <33 <0.003 0.19tv

-.,J 159. Chromium 3.4 40 23.1 <0.009 0.14
160. Copper 1.7 165 107 0.027 1.38
161. Lead 2.3 21 <7.3 0.0064 0.18
162. Mercury <0.05 <0.05 <5.5 <0.001 0.0026
163. Nickel 3.6 8.8 6.2 0.031 0.068
165. Silver <0.9 <0.9 <18 0.018 0.095
167. Vanadium <2.0 2.2 <2.6 <0.020 0.18
168. Zinc 6.9 4,110 6810 0.071 11.0

INORGANICS
169. Total Cyanide <0.5 0.9 <0.5 <0.010 <0.01
110. Fluoride <5.0 31 15 0.950 15.0
111. Sulfide NA 830 16,000 17.0 <1.0

PCBs
206. Aroclor 1260 NA NA 33,500 NA NA

NA Not Analyzed.

* Only one sample of this waste type was taken. The results are repeated in each sample set.



Table 4-8 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - COMBUSTION GAS SCRUBBER TREATMENT SYSTEM

SAMPLE SET #2 (Continued)

DESIGN AND OPERATING PARAMETERS DESIGN OPERATING VALUE++

Afterburner Temperature (oF)+ *
Residence Time (sec) *
Waste Feed Rate (MMBTU/hr)+ *

Excess Oxygen Concentration (%)+
Carbon Monoxide Concentration (ppm volume)

NR Not Recorded.

2400
2

PCB Blend Feed Rate:
Mercaptan-Contaminated

Feed Rate: 0.18
7.0

NR

36.5
Waste

+ Strip charts for this parameter are included in Appendix C.
++ See Tables 3-1 through 3-6 for K019 and RCRA Blend feed rates.

*This information has been claimed as RCRA Confidential Business Information.
The information is available in the confidential portion of the
Administrative Record for this rulemaking.
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Table 4-9

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - COMBUSTION GAS SCRUBBER TREATMENT SYSTEM

SAMPLE SET 63

Untreated Waste Concentration Tr'ea ted Waste
Mercaptan-

Contaminated Scrubber
K019 RCRA Blend· PCB Blend· Waste· Water

Detected BDAT List mg/kg mg/kg mg/kg mg/L mg/L
Organic Constituents ~ ~ ~ i2e!!!l ~

VOLATILES
4. Benzene <2,000 2,000 <2,000 17 .0 <0.002
1. Carbon tetrachloride 3,500 <8 <2,000 1.90 <0.002
9. Chlorobenzene <2,000 <8 <2,000 <0.4 <0.002

14. Chloroform 5.000 <8 <2,000 <0.4 <0.002
21. Dichlorodifluoromethane <2,000 <8 <2,000 <0.4 0.0043

p. 22. 1,1-Dichloroethane <2,000 <8 <2,000 <0.4 <0.002
I 23. 1,2-Dichloroethane 81,000 <8 <2,000 <0.4 <0.002N

\0 34. Methyl ethyl ketone <10,000 940 <10,000 3.5 <0.01
38. Methylene chloride <10,000 910 <10,000 <2.0 <0.01
42. Tetrachloroethene 6,000 490 <2,000 <0.4 <0.002
43. Toluene <2,000 2,300 41,000 3.1 0.0026
45. 1,1,1-Trichloroethane 34,000 130 <2,000 2.3 <0.002
41. Trichloroethene 2,200 360 3,600 <0.4 <0.002

215-211. Xylene (total) <2,000 3,400 36,000 4.4 <0.002
222. Acetone <10,000 1,200 <10,000 <2.0 <0.01
226. Ethyl benzene <2,000 2,200 16,000 4.1 <0.002
229. Methyl isobutyl ketone <10,000 1, 100 <10,000 <2.0 <0.01

SEMI VOLATILES
51. Acenaphthalene <10 150 120 <0.002 <0.002
52. Acenaphthene <10 <20 480 <0.002 <0.002
56. Aniline <25 <50 <250 1.22 <0.005
51. Anthracene <10 110 400 <0.002 <0.002
65. Benzo(k)fluoranthene <10 61 <100 <0.002 <0.002
68. Bis(2-chloroethyl)ether 290 <20 <100 <0.002 <0.002
10. Bis(2-ethylhexyl)phthalate <10 40 <100 0.019 <0.002

• Only one sample of this waste type was taken. The results are repeated in each sample set.



Table 4-9 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - COMBUSTION GAS SCRUBBER TREATMENT SYSTEM

SAMPLE SET 03 (Continued)

Untreated Waste Concentration

.l"
I

w
o

Detected BDAT List
Organic Constituents

SEMI VOLATILES (Continued)
80. Chrysene
81. ortho-Cresol
87. o-Dichlorobenzene
88. p-Dichlorobenzene
90. 2,4-Dichlorophenol
91. 2,6-Dichlorophenol
98. Di-n-butyl phthalate

104. Di-n-octyl phthalate
108. Fluoranthene
109. Fluorene
110. Hexachlorobenzene
111. Hexachlorobutadiene
113. Hexachloroethane
121. Naphthalene
122. 1,4-Naphthoquinone
126. Nitrobenzene
136. Pentachlorobenzene
141. Phenanthrene
142. Phenol
145. Pyrene
148. 1,2,4,5-Tetrachlorobenzene
150. 1,2,4-Trichlorobenzene
152. 2,4,6-Trichlorophenol

K019
mg/kg
i£E!!!l

SNA
<10
<10
80

<25
<25
<10
<10
<10

19
13

<50
95

350
<10
<25
59
11

<10
<10

67
70

<50

RCRA Blend"
mg/kg
1.eI!!!!l

28
<20
250
32

<50
<50
31

<20
120
53

<100
210

<100
<20
<20

3,400
<100
240

78
200
<50
<50

<100

PCB Blend·
mg/kg
1£E!!!l

<100
<100

1,060
460

<250
500
120
430
300
340

<500
<500
<500
400

<100
8,200
1,000

950
1,000

260
1,400

19,000
<500

Mercaptan
Contaminated

Waste·
mg/L
1£e!!!.l

<0.002
0.020
2.55

0.260
0.420
0.430
0.012

<0.002
<0.002
<0.002
0.022
0.079
0.018
0.133
0.078
0.027
0.020

<0.002
4.56

<0.002
0.008
1.240
0.037

Treated Waste

Scrubber
Water
mg/L
~

<0.002
<0.002
<0.002
<0.002
<0.005
<0.005
0.0046
<0.002
<0.002
<0.002

<0.01
<0.01
<0.01

<0.002
<0.002
<0.005
<0.010
<0.002
<0.002
<0.002
<0.005
<0.005
<0.010

SNA A standard is not available; the compound was searched using an NBS Library data-base of 42,000
compounds. The compound was not detected.

" Only one sample of this waste type was taken. The results are repeated in each sample set.



Table 4-9 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - COMBUSTION GAS SCRUBBER TREATMENT SYSTEM

SAMPLE SET #3 (Continued)

Untreated Waste Concentration Treated Waste
Mercaptan-

Contaminated Scrubber
K019 RCRA Blendtt PCB Blend tt Wastett Water

Detected BDAT List Metal, mg/kg mg/kg mg/kg mg/L mg/L
Inorganic and PCB Constituents .lli!!!l ~ 1Q£!!!l ~ ~

METALS
154. Antimony <6.0 24 <41 <0.060 0.41
155. Arsenic <0.2 94 7.4 <0.02 0.030
156. Barium <0.9 1.3 <19 1.670 0.530
157. Beryllium <0.1 <0.1 NA <0.001 <0.001
158. Cadmium 0.53 <0.3 <33 <0.003 0.150

.f:- 159. Chromium 3.5 40 23.7 <0.009 0.13I
w 160. Copper 1.1 165 101 0.021 1. 18
I-'

161. Lead 3.4 21 <1.3 0.0064 0.64
162. Mercury <0.05 <0.05 <5.5 <0.001 0.0015
163. Nickel 2.3 8.8 6.2 0.031 0.051
165. Silver <0.9 <0.9 <18 0.018 0.0092
161. Vanadium <2.0 2.2 <2.6 <0.020 0.150
168. Zinc 4.4 4,110 6810 0.071 9.50

INORGANICS
169. Total Cyanide <0.5 0.9 <0.5 <0.010 <0.01
110. Fluoride <5.0 31 15 0.950 14.0
111. SuI fide NA 830 16,000 11.0 <1.0

PCBs
206. Arochlor 1260 NA NA 33,500 NA NA

NA Not Analyzed.

tt Only one sample of this waste type was taken. The results are repeated in each sample set.



Table 4-9 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - COMBUSTION GAS SCRUBBER TREATMENT SYSTEM

SAMPLE SET #3 (Continued)

DESIGN AND OPERATING PARAMETERS DESIGN OPERATING VALUE++

Excess Oxygen Concentration (%)+
Carbon Monoxide Concentration (ppm volume)+

Afterburner Temperature (oF)+
Residence Time (sec)
Waste Feed Rate (MMBTU/hr)+

*
*
*

2400
2

PCB Blend Feed Rate:
Mercaptan-Contaminated

Feed Rate: 0.18
7.2
o

36.5
Waste

+ Strip charts for this parameter are included in Appendix C.
++ See Tables 3-1 through 3-6 for K019 and RCRA Blend feed rates.

*This information has been claimed as RCRA Confidential Business Information.
The information is available in the confidential portion of the
Administrative Record for this rulemaking.
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Table 4-10

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - COMBUSTION GAS SCRUBBER TREATMENT SYSTEM

SAMPLE SET #4

Untreated Waste Concentration Trea ted Waste
Mercaptan-

Contaminated Scrubber
K019 RCRA Blend· PCB Blend· Waste· Water

Detected BDAT List mg/kg mg/kg mg/kg mg/L mg/L
Organic Constituents i.2E!!!l iQE!!!l i£2!!!l ~ ~

VOLATILES
4. Benzene <2,000 2,000 <2,000 17.0 <0.002
7. Carbon tetrachloride 3,900 <8 <2,000 1. 90 <0.002
9. Chlorobenzene <2,000 <8 <2,000 <0.4 <0.002

14. Chloroform 5,300 <8 <2,000 <O.ll <0.002
21. Dichlorodifluoromethane <2,000 <8 <2,000 <0.4 0.014

-'" 22. 1,1-Dichloroethane <2,000 <8 <2,000 <0.4 <0.002
I

l.» 23. 1,2-Dichloroethane 122,000 <8 <2,000 <0.4 <0.002
l.»

34. Methyl ethyl ketone <10,000 940 <10,000 3.5 <0.01
38. Methylene chloride <10,000 910 <10, 000 <2.0 <0.01
42. Tetrachloroethene 7,200 490 <2,000 <0.4 <0.002
43. Toluene <2,000 2,300 41,000 3.7 0.0046
45. 1,1,1-Trichloroethane 44,000 130 <2,000 2.3 <0.002
47. Trichloroethene 2,300 360 3,600 <0.4 <0.002

215-217. Xylene (total) <2,000 3,400 36,000 4.4 <0.002
222. Acetone <10,000 1,200 <10,000 <2.0 <0.01
226. Ethyl benzene <2,000 2,200 16,000 4.1 <0.002
229. Methyl isobutyl ketone <10,000 1, 100 <10,000 <2.0 <0.01

SEMI VOLATILES
51. Acenaphthalene <10 150 120 <0.002 <0.002
52. Acenaphthene <10 <20 480 <0.002 <0.002
56. Aniline <25 <50 <250 1.22 <0.005
57. Anthracene <10 110 400 <0.002 <0.002
65. Benzo(k)fluoranthene <10 67 <100 <0.002 <0.002
68. Bis(2-chloroethyl)ether 310 <20 <100 <0.002 <0.002
70. Bis(2-ethylhexyl)phthalate <10 40 <100 0.079 <0.002

• Only one sample of this waste type was taken. The results are repeated in each sample set .



Table 4-10 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - COMBUSTION GAS SCRUBBER TREATMENT SYSTEM

SAMPLE SET 14 (Continued)

Untreated Waste Concentration Treated Waste
Mercaptan-

Contaminated Scrubber
K019 RCRA Blend· PCB Blend· Waste· Water

Detected BDAT List mg/kg mg/kg mg/kg mg/L mg/L
Organic Constituents ~ ~ ~ 1.QQ!!!l ~

SEMIVOLATILES (Continued)
80. Chrysene SNA 28 <100 <0.002 <0.002
81. ortho-Cresol <10 <20 <100 0.020 <0.002
87. o-Dichlorobenzene <10 250 1,060 2.55 <0.002
88. p-Dichlorobenzene 84 32 460 0.260 <0.002

+--
90. 2,4-Dichlorophenol <25 <50 <250 0.420 <0.005

I 91. 2,6-Dichlorophenol <25 <50 500 0.430 <0.005w
98. Di-n-butyl phthalate <10 31 120 0.012 0.0042+--

104. Di-n-octyl phthalate <10 <20 430 <0.002 <0.002
108. Fluoranthene <10 120 300 <0.002 <0.002
109. Fluorene 21 53 3110 <0.002 <0.002
110. Hexachlorobenzene 61 <100 <500 0.022 <0.010
111. Hexachlorobutadiene <50 210 <500 0.079 <0.010
113. Hexachloroethane 94 <100 <500 0.018 <0.010
121. Naphthalene 360 <20 400 0.133 <0.002
122. 1,4-Naphthoquinone <10 <20 <100 0.018 <0.002
126. Nitrobenzene <25 3,lI00 8,200 0.027 <0.005
136. Pentachlorobenzene 64 <100 1,000 0.020 <0.010
141. Phenanthrene 19 2110 950 <0.002 <0.002
1112. Phenol <10 78 1,000 1I.56 <0.002
145. Pyrene <10 200 260 <0.002 <0.002
148. 1,2,4,5-Tetrachlorobenzene 82 <50 1,400 0.008 <0.005
150. 1,2,4-Trichlorobenzene 74 <50 19,000 1 .2110 <0.005
152. 2,4,6-Trichlorophenol <50 <100 <500 0.031 <0.010

SNA A standard is not availablej the compound was searched using an NBS Library data-base of 42,000
compounds. The compound was not detected.

• Only one sample of this waste type was taken. The results are repeated in each sample set.



Table ~-10 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - COMBUSTION GAS SCRUBBER TREATMENT SYSTEM

SAMPLE SET ,~ (Continued)

Untreated Waste Concentration

Detected BDAT List Metal,
Inorganic and PCB Constituents

K019
mg/kg
~

RCRA Blend.
mg/kg
.!.e£!!!2

PCB Blend·
mg/kg
ill!!!l

Mercaptan
Contaminated

Waste·
mg/L
1£2!!!l.

Treated Waste

Scrubber
Water
mg/L
i1!E!!!l.

.t"
I

l".)

VI

METALS
15~. Antimony
155. Arsenic
156. Barium
157. Beryllium
158. Cadmium
159. Chromium
160. Copper
161. Lead
162. Mercury
163. Nickel
165. Silver
167. Vanadium
168. Zinc

INORGANICS
169. Total Cyanide
170. Fluoride
171. Sulfide

PCBs
206. Aroclor 1260

NA Not Analyzed.

<6.0 2~ <41 <0.060 0.4
<0.2 94 7.4 <0.020 0.029
<0.9 1.3 <19 1.670 0.55
<0.1 <0.1 NA <0.001 <0.001
<0.3 <0.3 <33 <0.003 0.13
1.8 40 23.7 <0.009 0.14

<1.0 165 107 0.027 1.13
2.4 27 <7.3 0.006~ 0.600

<0.05 <0.05 <5.5 <0.001 O.OOO~

2.2 8.8 6.2 0.037 0.065
<0.9 <0.9 <18 0.018 0.092
<2.0 2.2 <2.6 <0.020 0.150
9.4 4,170 6810 0.071 9.98

<0.5 0.9 <0.5 <0.010 <0.01
5.0 31 15 0.950 13.0

NA 830 16,000 17.0 <1.0

NA NA 33,500 NA NA

• Only one sample of this waste type was taken. The results are repeated in each sample set.



Table 4-10 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - COMBUSTION GAS SCRUBBER TREATMENT SYSTEM

SAMPLE SET #4 (Continued)

DESIGN AND OPERATING PARAMETERS DESIGN OPERATING VALUE++

Excess Oxygen Concentration (%)+
Carbon Monoxide Concentration (ppm volume)+

Afterburner Temperature (oF)+
Residence Time (sec)
Waste Feed Rate (MMBTU/hr)+

*
*
*

2400
2

PCB Blend Feed Rate:
Mercaptan-Contaminated

Feed Rate: 0.18
6.4
o

36.5
Waste

+ Strip charts for this parameter are included in Appendix C.
++ See Tables 3-1 through 3-6 for K019 and RCRA Blend feed rates.

*This information has been claimed as RCRA Confidential Business Information.
The information is available in the confidential portion of the
Administrative Record for this rulemaking.
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Table 4-11

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - COMBUSTION GAS SCRUBBER TREATMENT SYSTEM

SAMPLE SET '5

Untreated Waste Concentration Treated Waste
Mercaptan-

Contaminated Scrubber
K019 RCRA Blend" PCB Blend" Waste" Water

Detected BDAT List mg/kg mg/kg mg/kg mg/L mg/L
Organic Constituents ~ ~ lli!!!.l i.QQ!!!l lli!!!l

VOLATILES
4. Benzene <2,000 2,000 <2,000 17.0 <0.002
7. Carbon tetrachloride 4,000 <8 <2,000 1. 90 <0.002
9. Chlorobenzene <2,000 <8 <2,000 <0.4 <0.002

14. Chloroform 6,000 <8 <2,000 <0.4 <0.002
21. Dichlorodifluoromethane <2,000 <8 <2,000 <0.4 <0.002
22. 1,1-Dichloroethane <2,000 <8 <2,000 <0.4 <0.002

23. 1,2-Dichloroethane 130,000 <8 <2,000 <0.4 <0.002
:'
I 34. Methyl ethyl ketone <10,000 940 <10,000 3.5 <0.01
..j

38. Methylene chloride <10,000 910 <10,000 <2.0 <0.01
-.J

~
42. Tetrachloroethene 7,800 490 <2,000 <0.4 <0.002

43. Toluene <2,000 2,300 41,000 3.7 <0.002
~ 45. 1,1,1-Trichloroethane 45,000 130 <2,000 2.3 <0.002

--..l
47. Trichloroethene 2,500 360 3,600 <0.4 <0.002

215-211. Xylene (total) <2,000 3,400 36,000 4.4 <0.002

222. Acetone <10,000 1,200 <10,000 <2.0 <0.01
226. Ethyl benzene <2,000 2,200 16,000 4.1 <0.002
229. Methyl isobutyl ketone <10,000 1, 100 <10,000 <2.0 <0.01

SEMIVOLATILES
51. Acenaphthalene <10 150 120 <0.002 <0.002

52. Acenaphthene <10 <20 480 <0.002 <0.002

56. Aniline <25 <50 <250 1.22 <0.005

57. Anthracene <10 110 400 <0.002 <0.002

65. Benzo(k)fluoranthene <10 67 <100 <0.002 <0.002

68. Bis(2-chloroethyl)ether 340 <20 <100 <0.002 <0.002

10. Bis(2-ethylhexyl)phthalate <10 40 <100 0.079 <0.002

• Only one sample of this waste type was taken. The results are repeated in each sample set .



Table 4-11 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - COMBUSTION GAS SCRUBBER TREATMENT SYSTEM

SAMPLE SET U5 (Continued)

Untreated Waste Concentration

~

I
~

00

Detected BDAT List
Organic Constituents

SEMIVOLATILES (Continued)
80. Chrysene
81. ortho-Cresol
87. o-Dichlorobenzene
88. p-Dichlorobenzene
90. 2,4-Dichlorophenol
91. 2,6-Dichlorophenol
98. Di-n-butyl phthalate

104. Di-n-octyl phthalate
108. Fluoranthene
109. Fluorene
110. Hexachlorobenzene
111. Hexachlorobutadiene
113. Hexachloroethane
121. Naphthalene
122. 1,4-Naphthoquinone
126. Nitrobenzene
136. Pentachlorobenzene
141. Phenanthrene
142. Phenol
145. Pyrene
148. 1,2,4,5-Tetrachlorobenzene
150. 1,2,4-Trichlorobenzene
152. 2,4,6-Trichlorophenol

K019
mg/kg
~

SNA
<10
<10
90

<25
<25
<10
<10
<10

19
87

<50
113
371
<10
<25
63
19

<10
<10

73
72

<50

RCRA Blend·
mg/kg
1£E!!!l

28
<20
250

32
<50
<50
31

<20
120
53

<100
210

<100
<20
<20

3,400
<100
240
78

200
<50
<50

<100

PCB Blend·
mg/kg
1£E!!!l

<100
<100

1,060
460

<250
500
120
430
300
340

<500
<500
<500
400

<100
8,200
1,000

950
1,000

260
1,400

19,000
<500

Mercaptan
Contaminated

Waste·
mg/L
1EE!!!2.

<0.002
0.020

2.55
0.260
0.420
0.430
0.012

<0.002
<0.002
<0.002
0.022
0.079
0.018
0.133
0.078
0.027
0.020

<0.002
4.56

<0.002
0.008
1.240
0.037

Treated Waste

Scrubber
Water
mg/L
~

<0.002
<0.002
<0.002
<0.002
<0.005
<0.005
0.0027
<0.002
<0.002
<0.002

<0.01
<0.01
<0.01

<0.002
<0.002
<0.005

<0.01
<0.002
<0.002
<0.002
<0.005
<0.005
<0.010

SNA A standard is not availablej the compound was searched using an NBS Library data-base of 42,000
compounds. The compound was not detected .

• Only one sample of this waste type was taken. The results are repeated in each sample set.



Table 4-11 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - COMBUSTION GAS SCRUBBER TREATMENT SYSTEM

SAMPLE SET #5 (Continued)

Untreated Waste Concentration Treated Waste
Mercaptan-

Contaminated Scrubber
K019 RCRA Blend· PCB Blend· Waste· Water

Detected BDAT List Metal, mg/kg mg/kg mg/kg mg/L mg/L
Inorganic and PCB Constituents ~ lli!!!l i£E!!!l i£I!!!!l ~

METALS
154. Antimony <6.0 24 <41 <0.060 0.35
155. Arsenic <0.2 94 1.4 <0.020 0.027
156. Barium <0.9 1.3 <19 1.610 0.600
151. Beryllium <0.1 <0. 1 NA <0.001 0.002
158. Cadmium 0.36 <0.3 <33 <0.003 0.12

.J> 159. Chromium 3.2 40 23.1 <0.009 0.14I
w 160. Copper 2.1 165 101 0.027 1.03\0

161. Lead 2.5 21 <1.3 0.0064 0.48
162. Mercury <0.05 <0.05 <5.5 <0.001 0.001
163. Nickel 4.8 8.8 6.2 0.031 0.067
165. Silver <0.9 <0.9 <18 0.018 0.090
161. Vanadium <2.0 2.2 <2.6 <0.020 0.160
168. Zinc 4.1 4,110 6810 0.071 11. 1

INORGANICS
169. Total Cyanide <0.5 0.9 <0.5 <0.010 <0.01
110. Fluoride <5.0 31 15 0.950 12.0
111. Sulfide NA 830 16,000 11.0 <1.0

PCBs
206. Aroclor 1260 NA NA 33,500 NA NA

NA Not Analyzed.

• Only one sample of this waste type was taken. The results are repeated in each sample set.



Table 4-11 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - COMBUSTION GAS SCRUBBER TREATMENT SYSTEM

SAMPLE SET #5 (Continued)

DESIGN AND OPERATING PARAMETERS DESIGN OPERATING VALUE++

Afterburner Temperature (oF)+ *
Residence Time (sec) *
Waste Feed Rate (MMBTU/hr)+ *

Excess Oxygen Concentration (%)+
Carbon Monoxide Concentration (ppm volume)

NR Not Recorded.

2400
2

PCB Blend Feed Rate:
Mercaptan-Contaminated

Feed Rate: 0.18
6.8

NR

37.5
Waste

+ Strip charts for this parameter are included in Appendix C.
++ See Tables 3-1 through 3-6 for K019 and RCRA Blend feed rates.

*This information has been claimed as RCRA Confidential Business Information.
The information is available in the confidential portion of the
Administrative Record for this rulemaking.
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Table 4-12

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - COMBUSTION GAS SCRUBBER TREATMENT SYSTEM

SAMPLE SET #6

Untreated Waste Concentration Treated Waste
Mercaptan-

Contaminated Scrubber
K019 RCRA Blend" PCB Blend" Waste" Water

Detected BDAT List mg/kg mg/kg mg/kg mg/L mg/L
Organic Const!tuents ~ iQQ!!!1 iQQ!!!1 ~ ~

VOLATILES
4. Benzene <2,000 2,000 <2,000 17 .0 <0.002
1. Carbon tetrachloride 4,100 <8 <2,000 1.90 <0.002
9. Chlorobenzene <2,000 <8 <2,000 <0.4 <0.002

14. Chloroform 5,600 <8 <2,000 <0.4 <0.002
21. Dichlorodifluoromethane <2,000 <8 <2,000 <0.4 <0.002
22. 1,1-Dichloroethane <2,000 <8 <2,000 <0.4 <0.002

~ 23. 1,2-Dichloroethane 98,000 <8 <2,000 <0.4 <0.002
I 34. Methyl ethyl ketone <10,000 940 <10, 000 3.5 <0.01
~

f-' 38. Methylene chloride <10,000 910 <10,000 <2.0 <0.01
42. Tetrachloroethene 6,900 490 <2,000 <0.4 <0.002
43. Toluene <2,000 2,300 41,000 3.1 <0.002
45. 1,1,1-Trichloroethane 44,000 130 <2,000 2.3 <0.002
41. Trichloroethene 2,500 360 3,600 <0.4 <0.002

215-211. Xylene (total) <2,000 3,400 36,000 4.4 <0.002
222. Acetone <10,000 1,200 <10,000 <2.0 <0.01
226. Ethyl benzene <2,000 2,200 16,000 4. 1 <0.002
229. Methyl isobutyl ketone <10 ,000 1, 100 <10,000 <2.0 <0.01

SEMIVOLATILES
51. Acenaphthalene <10 150 120 <0.002 <0.002
52. Acenaphthene <10 <20 480 <0.002 <0.002
56. Aniline <25 <50 <250 1.22 <0.005
51. Anthracene <10 110 400 <0.002 <0.002
65. Benzo(k)fluoranthene <10 61 <100 <0.002 <0.002
68. Bis(2-chloroethyl)ether 330 <20 <100 <0.002 <0.002
10. Bis(2-ethylhexyl)phthalate <10 40 <100 0.019 <0.002

It Only one sample of this waste type was taken. The results are repeated in each sample set.



Table 4-12 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - COMBUSTION GAS SCRUBBER TREATMENT SYSTEM

SAMPLE SET 16 (Continued)

Untreated Waste Concentration

....
I....

N

Detected BDAT List
Organic Constituents

SEMIVOLATILES (Continued)
80. Chrysene
81. ortho-Cresol
87. o-Dichlorobenzene
88. p-Dichlorobenzene
90. 2,4-Dichlorophenol
91. 2,6-Dichlorophenol
98. Di-n-butyl phthalate

104. Di-n-octyl phthalate
108. Fluoranthene
109. Fluorene
110. Hexachlorobenzene
111. Hexachlorobutadiene
113. Hexachloroethane
121. Naphthalene
122. 1,4-Naphthoquinone
126. Nitrobenzene
136. Pentachlorobenzene
141. Phenanthrene
142. Phenol
145. Pyrene
148. 1,2,4,5-Tetrachlorobenzene
150. 1,2,4-Trichlorobenzene
152. 2,4,6-Trichlorophenol

K019
mg/kg
~

SNA
<10
<10
90

<25
<25
<10
<10
<10

22
66

<50
88

390
<10
<25

65
17

<10
<10
86
79

<50

RCRA Blend·
mg/kg
~

28
<20
250

32
<50
<50
31

<20
120
53

<100
210

<100
<20
<20

3,400
<100
240

78
200
<50
<50

<100

PCB Blend·
mg/kg
iE£!!!l

<100
<100

1,060
460

<250
500
120
430
300
340

<500
<500
<500
400

<100
8,200
1,000

950
1,000

260
1,400

19,000
<500

Mercaptan
Contaminated

Waste·
mg/L
~

<0.002
0.020

2.55
0.260
0.420
0.430
0.012

<0.002
<0.002
<0.002
0.022
0.079
0.018
0.133
0.078
0.027
0.020

<0.002
4.56

<0.002
0.008

1.24
0.037

Trea ted Waste

Scrubber
Water
mg/L
~

<0.002
<0.002
<0.002
<0.002
<0.005
<0.005
0.0025
<0.002
<0.002
<0.002

<0.01
<0.01
<0.01

<0.002
<0.002
<0.005

<0.01
<0.002
<0.002
<0.002
<0.005
<0.005

<0.01

SNA A standard is not available; the compound was searched using an NBS Library data-base of 42,000
compounds. The compound was not detected .

• Only one sample of this waste type was taken. The results are repeated in each sample set.



Table 4-12 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - COMBUSTION GAS SCRUBBER TREATMENT SYSTEM

SAMPLE SET i6 (Continued)

Untreated Waste Concentration
Mercaptan-

Contaminated
K019 RCRA Blend- PCB Blend lt Waste-

Detected BOAT List Metal, mg/kg mg/kg mg/kg mg/L
Inorganic and yCB Constituents ~ ~ 1£1!!!!l ~

METALS
154. Antimony <6.0 24 <41 <0.060
155. Arsenic <0.2 94 7.4 <0.020
156. Barium <0.9 1.3 <19 1.670
157. Beryllium <0.1 <0.1 NA <0.001
158. Cadmium 0.62 <0.3 <33 <0.003
159. Chromium 5.3 40 23.7 <0.009

.p- 160. Copper 3.6 165 107 0.027I

.p-
161. Lead 3.5 27 <7.3 0.0064w

162. Mercury <0.05 <0.05 <5.5 <0.001
163. Nickel 6.0 B.8 6.2 0.037
165. Silver <0.9 <0.9 <18 0.018
167. Vanadium <2.0 2.2 <2.6 <0.020
16B. Zinc 8.4 4,170 6810 0.071

INORGANICS
169. Total Cyanide <0.5 0.9 <0.5 <0.010
170. Fluoride <5.0 31 15 0.950
171. Sulfide NA 830 16,000 17.0

PCBs
206. Aroclor 1260 NA NA 33,500 NA

NA Not Analyzed.

- Only one sample of this waste type was taken. The results are repeated in each sample set.

Treated Waste

Scrubber
Water
mg/L
~

0.32
0.033
0.51

<0.001
O. 11
0.13
0.87
0.4

0.001
0.061
0.092
0.16
10.4

<0.01
12.0
<1.0

NA



Table 4-12 (Continued)

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K019
PLANT A - COMBUSTION GAS SCRUBBER TREATMENT SYSTEM

SAMPLE SET #6 (Continued)

DESIGN AND OPERATING PARAMETERS DESIGN OPERATING VALUE++

Afterburner Temperature (oF)+ *
Residence Time (sec) *
Waste Feed Rate (MMBTU/hr)+ *

Excess Oxygen Concentration (%)+
Carbon Monoxide Concentration (ppm volume)

NR Not Recorded.

2350
2

PCB Blend Feed Rate:
Mercaptan-Contaminated

Feed Rate: 0.18
7.0

NR

37.5
Waste

+ Strip charts for this parameter are included in Appendix C.
++ See Tables 3-1 through 3-6 for K019 and RCRA Blend feed rates.

*This information has been claimed as RCRA Confidential Business Information.
The information is available in the confidential portion of the
Administrative Record for this rulemaking.
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Table 4-13

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR CHLORINATED WASTES·
PLANT B - FLUIDIZED BED INCINERATOR

TEST RUN 1

.l>
I

.l>
VI

Constituent

Condition I ••
7. Carbon tetrachloride

42. Tetrachloroethene
88. p-OichlorObenzene
Inlet Feed Rate (Iba/hr)
Residence time in SAC (Sec)

Condition II ••
7. Carbon tetraChloride

42. Tetrachloroethene
88. p-01chlorObenzene
Inlet Feed Aate (Ibs/hr)
Residence time in SAC (Sec)

Condition III ••
7. Carbon tetrachloride

42. Tetrachloroethene
88. p-Oichlorobenzene
Inlet Feed Aate (Ibs/hr)
Aes1dence time in SAC (Sec)

Condition IV••
7. Carbon tetrachloride

42. Tetrachloroethene
88. p-Oichlorobenzene
Inlet Feed Aate (lbs/hr)
Aesidence time In SAC (Sec)

Sludge Waste
Feed

Concentration
mg/kg
(Qpm)

12,000
95,000

4,900
2,441
3.2

2,000
60,000

1,000
1,564
4.8

12,000
88,000
6,200
1,883
3.2

9,000
70,000
4,100
1,371
4.8

Untreated Waste.
Liqui.d Waste

Feed
Concentration

mg/kg
(ppm)

256.000
444,000
296.000

102

262,000
440.000
294.000

121.5

249,000
441,000
289.000

117.2

252,000
444,000
297,000
68.5

Solid Waste
Feed

Concentration
mg/kg
(ppm)

NS
NS
NS
NS

<0.5
<0.5
<1.5
1,638

NS
NS
NS
NS

<0.5
<0.5
< 1.5

980

Treated
Incinerator

Ash
Cuncentration

mg/kg
(ppm)

0.0066
0.128

0.0065

<0.001
<0.001
0.014

<0.001
0.0052

0.061

<0.001
0.008
0.008

Waste
Scrubber

Water Total
Concentration

mg/L
(ppm)

<0.001
<0.001
<0.002

<0.001
<0.001
<0.002

<0.001
<0.001
<0.002

<0.001
<0.001
<0.002

SRC = Secondary Reaction Chamber
NS = Not Sampled for this Condition .

• These wastes were generated from the production of vinyl chloride monomer. trichloroethylene. and
perchloroethylene. Information specific to the sources or Identities of the wastes were not provided .

• ·The Inlet feed rate of untreated wastes and the residence time of materials In the SRC varied for tl'e four ·cundltlons.·
The fluidized bed Incinerator was operated at an average temperature of 788 0 C (145I oF).

Source: References 18, 19, 20, and 21.



Table ~-1~

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR CHLORINATED WASTES.
PLANT B - FLUIDIZED BED INCINERATOR

TEST RUN 2

Untreated Waste.
Sludge Waste Liquid Waste Solid Waste

Feed Feed Feed
Concentratton Concentration Concentratton

mg/kg mg/kg mg/kg
Constituent (ppm) (ppm) (ppm)

Condition I ••
7. Carbon tetrachloride 12,000 260,000 NS

42. Tetrachloroethene 94,000 444,000 NS
88. p-D1chlorobenzene 5,600 303,000 NS
Inlet Feed Rate (Iba/hr) 2,448 53.9 NS
Residence ttme tn SRC (Sec) 3.2

Cond1tton II ••
7. Carbon tetrachlortde 2,000 261,000 <0.5

42. Tetrachloroethene 60,000 440,000 <0.5
88. p-D1chlorobenzen e 1,000 300,000 <1.5
Inlet Feed Rate (Ibs/hr) 1,352 133.9 1,638

.I:"- Residence t tme in SRC (Sec) 4.8
I

.I:"-
0\ Condition III ••

7. Carbon tetrachloride 12,000 251,000 NS
42. Tetrachloroethene 93,000 442,000 NS
88. p-D1chlorobenzene 7,100 295,000 NS
Inlet Feed Rate (Ibs/hr) 1,882 142 NS
Residence ttme in SRC (Sec) 3.2

Condition IV··
7. Carbon tetrachloride 11,000 252,000 <0.5

42. Tetrachloroethene 83,000 444,000 <0.5
88. p-D1chlorobenzene 5,300 295,000 <1.5
Inlet Feed Rate (Ibs/hr) 1,383 76.8 980
Residence ttme in SRC (Sec) 4.8

SRC = Secondary Reactton Chamber
NS = Not Sampled for thts condition .

Treated
Incinerator

Ash
Concentration

mg/kg
(ppm)

<0.001
0.0169
0.0093

<0.001
0.0015
0.022

<0.001
0.0052
0.197

<0.001
0.0050
0.0064

Waste
Scrubber

Water Total
Concentration

mg/L
(ppm)

<0.001
<0.001
<0.002

<0.001
<0.001
<0.002

<0.001
<0.001
<0.002

<0.001
<0.001
<0.002

• These wastes were generated from the production of vtnyl chloride monomer, trichloroethylene, and
perchloroethylene. Information spec1ftc to the sources or tdenttties of the wastes were not provided .

•• The inlet feed rate ~f untreated wastes and the residence ttme of materials in the SRC varied for the four "conditions."
The fluidized bed tnc1nerator was operated at an average temperature of 780 0 C (1451 0 F).

Source: References 10. 19, 20, and 21.



Table 4-15

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR CHLORINATED WASTES·
PLANT B - FLUIDIZED BED INCINERATOR

TEST RUN 3

Untreated Waste.
Sludge Waste Liquid Waste Solid Waste

Feed Feed Feed
Concentration Concentration Concentration

mg/kg mg/kg mg/kg
Constituent (ppm) (ppm) (ppm)

Condition I··
7. Carbon tetrachloride 10.000 260.000 NS

42. Tetrachloroethene 81.000 445,000 NS
88. p-Dlchlorobenzene 4.900 298,000 NS
Inlet Feed Rate (Ibs/hr) 2,565 67.8 NS
Residence time In SRC (Sec) 3.2

Condition II··
7. Carbon tetrachloride 13.000 259,000 <0.5

42. Tetrachloroethene 95,000 447,000 <0.5
88. p-Dlchlorobenzene 6.500 304.000 < 1.5
Inlet Feed Rate (Ibs/hr) 1,742 96.8 1,638

~ Residence time In SRC (Sec) 4.8
I
~..... Condition I II ••

7. Carbon tetrachloride 15.000 254.000 NS
42. Tetrachloroethene 94.000 441.000 NS
88. p-Dlchlorobenzene 7.500 294.000 NS
Inlet Feed Rate (Ibs/hr) 2.083 95.1 NS
Residence time In SRC (Sec) 3.2

Condit Ion IV··
7. Carbon tetrachloride 10.000 252.000 <0.5

42. Tetrachloroethene 77 ,000 444,000 <0.5
88. p-Dlchlorobenzene 4,600 294.000 < 1.5
Inlet Feed Rate (Ibs/hr) 1.294 68.5 980
Residence time In SRC (Sec) 4.8

SRC = Secondary Reaction Chamber
NS = Not Sampltld for this condition.

Treated
Incinerator

Ash
Concentration

mg/kg
(ppm)

<0.001
0.0072
0.0039

<0.001
<0.002
0.0145

<0.001
0.0091

0.1

<0.001
0.0057
0.011

Waste
Scrubber

Water Total
Concentration

mg/L
(ppm)

<0.001
<0.001
<0.002

<0.001
<0.001
<0.002

<0.001
<0.001
<0.002

<0.001
<0.001
<0.002

.These wastes were generated from the production of vinyl chloride monomer, trichloroethylene, and
perchloroethylene. Information specific to the sources or Identities of the wastes were not provided .

•• The Inlet feed rate of untreated wastes and the residence time of materials In the SRC varied for the four ·condltlons.'·
The fluldlzad bed Incinerator was operated at an average temperature of 78B o C (1451 0 F).

Source: References 18, 19, 20, and 21.





5.0 IDENTIFICATION OF BEST DEMONSTRATED AND AVAILABLE TECHNOLOGY

This section presents the rationale behind the determination of

rotary kiln incineration as the best demonstrated and available technology

(BOAT) for the chlorinated waste group (K016, KOla, K019, K020, and K030).

In Section 3.0 of this document, the Agency identified three types

of incineration as demonstrated and available technology to be considered for

BOAT for the chlorinated waste group (K016, KOla, K019, K020, and K030). The

three types of incineration are: rotary kiln incineration, fluidized bed

incineration, and liquid injection incineration.

As described in Section 1.0, BOAT for treatment of these wastes is

identified based on treatment performance data available to the Agency. (All

performance data available to the Agency are discussed in Section 4.0.) Prior

to being used to establish treatment standards, performance data are screened

to determine whether they represent operation of a well-designed and operated

system, whether sufficient analytical quality assurance/quality control

measures were employed to ensure the accuracy of the data, and whether the

appropriate measure of performance was used to assess the performance of the

particular treatment technology, i.e., total constituent concentration in the

case of incineration. All remaining data are then adjusted based on recovery

data in order to take into account analytical interferences associated with

the chemical make-up of the samples. Finally, treatment performance data from

each technology are compared (technology to technology), to determine whether

any technology performs better than the others.
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5. , Review of Performance Data

The available treatment performance data presented in Section 4.0

were reviewed and assessed to determine whether they represent operation of a

well-designed and operated system, whether sufficient quality assurance/qual

ity control measures were employed to ensure the accuracy of the data, and

whether the appropriate measure of performance was used to assess the perfor

mance of the treatment technology.

The treatment performance data and the design and operating data

collected during the test on the rotary kiln incineration of K019 at plant A

were reviewed. The appropriate measure of performance (total constituent

concentration) was used to assess the rotary kiln incineration system.

Additionally, the Agency had no reason to believe that the treatment system at

plant A was not well-designed and well-operated or that insufficient analyti

cal quality assurance/quality control measures were employed. Therefore,

these data were considered in the determination of BOAT.

The treatment performance data and the operating data for fluidized

bed incineration of chlorinated wastes (submitted by plant B) were reviewed.

The appropriate measure of performance (total constituent concentration) was

used to assess the fluidized bed incineration system. Additionally, the

Agency had no reason to believe that the treatment system at plant B was not

well-designed and well-operated or that insufficient analytical quality

assurance/quality control measures were employed. However, the Agency has no
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information specific to the sources and thus, the identity of the untreated

wastes fed to the fluidized bed incinerator. Furthermore, the Agency does not

have sufficient raw waste characterization data to determine that these

untreated wastes are similar to K016, K018-K020, K030. In addition, the

Agency has no reason to expect that fluidized bed incineration will provide

better treatment than rotary kiln incineration for K016, K018, K019, K020, and

K030 waste. However, the Agency believes that K016, K018, K019, K020,.or K030

wastes treated in a well-designed and operated fluidized bed incineration

system will meet the BOAT treatment standards established for these wastes.

Therefore, these data were not considered in the determination of BOAT.

As discussed in Section 3.0, treatment performance data are not

available for liquid injection incineration for the chlorinated waste group

(K016, K018, K019, K020, and K030). Therefore, in the absence of treatment

performance data for these wastes or wastes JUdged to be similar, liquid

injection incineration was considered and ultimately rejected as BOAT for the

chlorinated waste group (K016, K018, K019, K020, and K030). However, the

Agency believes that a well designed and operated liquid injection incinera

tion system will meet the BOAT treatment standards established for this waste

group.

5.2 Accuracy Correction of Performance Data

Following the review of all available treatment performance data,

the remaining treatment performance data for the demonstrated and available

technology (rotary kiln incineration) were adjusted in order to take into
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account analytical interferences associated with the chemical make-up of the

samples. Generally, performance data were corrected for accuracy as follows:

(1) a matrix spike recovery was determined, as explained below, for each BOAT

List constituent detected in the untreated or treated waste; (2) an accuracy

correction factor was determined for each of the above constituents by divid

ing 100 by the matrix spike recovery (in percent) for that constituent; and

(3) treatment performance data for each BOAT List constituent detected in the

untreated or treated waste were corrected by multiplying the reported concen

tration of the constituent by the corresponding accuracy correction factor.

Matrix spike recoveries are developed by analyZing a sample of a

treated waste for a constituent and then re-analyzing 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.

5.2.1 Nonwastewater

Matrix spike recoveries used in adjustment of the treatment perfor

mance data for the kiln ash residue are presented in Table 0-4 of Appendix 0

of this background document. Duplicate matrix spikes were performed for some

BOAT List volatile and semivolatile constituents in kiln ash. 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.
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Where a matrix spike was not performed for an organic constituent,

the matrix spike recovery for that constituent was derived from the average

matrix spike recoveries of the appropriate group of constituents (volatile or

semivolatile constituents) for which recovery data were available. In these

cases, the matrix spike recoveries for all volatiles or semivolatiles from the

first matrix spike were averaged. Similarly, an average matrix spike recovery

was calculated for the duplicate matrix spike recoveries. The lower of the

two average matrix spike recoveries of the volatile or semivolatile group was

used for any vblatile or 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 rotary kiln incinerator

ash; however, the treatment performance data for this constituent were

adjusted for accuracy using a matrix spike recovery of 103 percent. This

recovery was developed by averaging the matrix spike recoveries calculated for

all base/neutral fraction semivolatiles in the first matrix spike (104%) and

the duplicate spike (103~). The lower average matrix spike recovery of 103~

was selected to subsequently calculate the accuracy correction factor and the

corrected treatment concentration for di-n-butyl phthalate.

The accuracy correction factors for rotary kiln ash data are pre

sented in Table 0-6 of Appendix D of this document. The corrected treatment

concentrations for the BDAT List organic constituents detected in either the

untreated K019 or rotary kiln ash are presented in Table 5-1 for kiln ash

residue. Note that constituent concentrations were not adjusted to values

below the detection limit for each constituent. If accuracy correction
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resulted in a value less than the detection limit, the accuracy-corrected

concentration was set equal to the detection limit.

5.2.2 Wastewater

Matrix spike recoveries used to calculate accuracy correction

factors for adjustment of the treatment performance data are presented in

Table 0-5 of Appendix D. As shown in Table 0-5, 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,

the matrix spike recovery for that constituent was derived from the average

matrix spike recoveries of the appropriate group of constituents (volatile or

semivolatile constituents) for which recovery data were available. In these

cases, the matrix spike recoveries for all volatiles or semivolatiles from the

first matrix spike were averaged. Similarly, an average matrix spike recovery

was calculated for the duplicate matrix spike recoveries. The lower of the

two average matrix spike recoveries of the volatile or semivolatile group was

used for any volatile or semivolatile constituent for which no matrix spike

was performed. For example, no matrix spike was performed for 1,1,2-tri

chloroethane, a volatile, in scrubber water; however, the treatment per

formance data for this constituent were adjusted for accuracy using a matrix

spike recovery of 78 percent. This recovery was determined by averaging the

matrix spike recoveries calculated for all volatiles in the first matrix spike
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(83%) and the duplicate spike (18%). The lower average matrix spike recovery

of 18% was selected to subsequently calculate the accuracy correction factor

and the corrected treatment concentration for 1,1,2-trichloroethane.

The accuracy correction factors for wastewater (scrubber water) data

calculated using this method are presented in Table 0-6 of Appendix D of this

document. The corrected treatment concentrations for each BOAT List organic

constituent detected in either the untreated K019 or scrubber water are

presented in Table 5-2. Scrubber water concentrations were not adjusted to

values below the detection limit for each constituent. If accuracy correction

resulted in a value less than the detection limit, the accuracy-corrected

value was set equal to the detection limit.

5.3 Statistical Comparison of Performance Data

In cases where the Agency has treatment data from more than one

technology, EPA uses the statistical method known as the analysis of variance,

ANOVA (discussed in Section 1.0), to determine if one technology performs

significantly better than the rest. In this case the Agency has treatment

data only for rotary kiln incineration of K019 at plant A; therefore, an ANOVA

comparison is not applicable and rotary kiln incineration is determined to be

BOAT for the nonwastewater forms of K019.
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5.4 BOAT for K016, K018, K019, K020 and K030

The best demonstrated and available technology for K019 has been

determined to be rotary kiln incineration. As discussed in Section 2.0, EPA

has determined that the chlorinated organics waste group, K016, K018, K019,

K020 and K030, represents a single waste treatability group. Therefore, since

rotary kiln incineration has been determined to be BOAT for K019, this

technology is also BOAT for K016, K018, K020 and K030.
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Table 5-1

TREATMENT CONCENTRATIONS FOR K019 KILN ASH RESIDUE CORRECTED FOR ACCURACY·

Sample Set
1 2 3 4 5 6

Constituent ~ lli!!!l i.P.Q!ll iE2!!!.l iE2!!!.l lli!!!l
7. Carbon tetrachloride 2.13 2.13 2.13 2. 13 2.13 2.13
9. Chlorobenzene 2.02 2.02 2.02 2.02 2.02 2.02

14. Chloroform 2.13 2.13 2. 13 2.13 2.13 2.13
22. 1,1-Dichloroethane 2.13 2.13 2. 13 2.13 2.13 2.13
23. 1,2-Dichloroethane 2.13 2.13 2.13 2.13 2.13 2.13
42. Tetrachloroethene 2.13 2.13 2.13 2.13 2.13 2.13
45. 1,1,1-Trichloroethane 2.13 2.13 2.13 2.13 2.13 2.13
47. Trichloroethene 2.00 2.00 2.00 2.00 2.00 2.00
68. Bis(2-chloroethyl)ether 2.00 2.00 2.00 2.00 2.00 2.00
70. Bis(2-ethylhexyl)phthalate 2.00 2.00 2.00 11.7 2.00 2.00
98. Di-n-butyl phthalate 2.00 2.00 2.00 223 2.00 2.00

109. Fluorene 2.00 2.00 2.00 2.00 2.00 2.00
110. Hexachlorobenzene 10 10 10 10 10 10
113. Hexachloroethane 10 10 10 10 10 10
121. Naphthalene 2.00 2.00 2.00 2.00 2.00 2.00
136. Pentachlorobenzene 10 10 10 10 10 10
141. Phenanthrene 2.00 2.00 2.00 2.00 2.00 2.00
148. 1,2,4,5-Tetrachlorobenzene 5.00 5.00 5.00 5.00 5.00 5.00
150. 1,2,4-Trichlorobenzene 6.67 6.67 6.67 6.67 6.67 6.67

·This table presents corrected treatment concentrations for the BOAT List
organic constituents detected in either the untreated K019 or rotary kiln ash
from plant A. Calculations are shown in Appendix D.

5-9



Table 5-2

TREATMENT CONCENTRATIONS FOR SCRUBBER WATER CORRECTED FOR ACCURACY·

Sample Set
1 2 3 4 5 6

Constituent ~ ~ ~ ~ ~ ~

7. Carbon tetrachloride 0.003 0.003 0.003 0.003 0.003 0.003
9. Chlorobenzene 0.002 0.002 0.002 0.002 0.002 0.002

14. Chloroform 0.005 0.005 0.005 0.005 0.005 0.005
21. Dichlorodifluoromethane 0.003 0.003 0.006 0.018 0.003 0.003
22. 1,1-Dichloroethane 0.003 0.003 0.003 0.003 0.003 0.003
23. 1,2-Dichloroethane 0.003 0.003 0.003 0.003 0.003 0.003
42. Tetrachloroethene 0.003 0.003 0.003 0.003 0.003 0.003
43. Toluene 0.003 0.004 0.003 0.003 0.003 0.003
45. 1,1,1-Trichloroethane 0.003 0.004 0.003 0.003 0.003 0.003
41. Trichloroethene 0.002 0.002 0.002 0.002 0.002 0.002
68. Bis(2-chloroethyl)ether 0.002 0.002 0.002 0.002 0.002 0.002
88. p-Dichlorobenzene 0.003 0.003 0.003 0.003 0.003 0.003
98. Dl-n-butyl phthalate 0.002 0.008 0.005 0.005 0.003 0.003

109. Fluorene 0.002 0.002 0.002 0.002 0.002 0.002
110. HeKachlorobenzene 0.012 0.012 0.012 0.012 0.012 0.012
113. Hexachloroethane 0.012 0.012 0.012 0.012 0.012 0.012
121. Naphthalene 0.002 0.002 0.002 0.002 0.002 0.002
136. Pentachlorobenzene 0.012 0.012 0.012 0.012 0.012 0.012
141. Phenanthrene 0.002 0.002 0.002 0.002 0.002 0.002
148. 1,2,4,5-Tetrachlorobenzene 0.006 0.006 0.006 0.006 0.006 0.006
150. 1,2,4-Trichlorobenzene 0.008 0.008 0.008 0.008 0.008 0.008

·This table presents corrected treatment concentrations for the BOAT List
organic constituents detected in either the untreated K019 or scrubber water
from plant A~ Calculations are shown in Appendix D.

5-10



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 K016,

K01a, K019, K020, and K030.

The Agency initially considered for regulation all constituents on

the BOAT List (see Table 1-1, Section 1.0). Summarized in Table 6-1 for each

wastecode are available waste characterization data for the BOAT List

constituents. For constituents known to be present in the wastes, the range

of detected concentration is shown in the table. Those constituents that were

analyzed but were not detected in the wastes are identified by "NO".

Constituents for which the Agency does not have analytical characterization

data are identified by "NA'I (not analyzed). As explained in Section 1.0, the

Agency is not regulating all of the constituents considered for regulation in

order to reduce the analytical cost burdens on the treate~ and to facilitate

implementation of the compliance and enforcement program. As discussed

further below, a BOAT List constituent was not considered for regulation if:

(1) the constituent was not detected in the untreated waste; (2) the constitu

ent 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 constituents were deleted from consider

ation for regulation, as discussed in Section 6.1.
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BOAT List Constituents That We~e Not Detected in the Unt~eated

Waste. In gene~al, constituents that we~e not detected in the unt~eated waste

(labelled NO in Table 6-1) we~e not conside~ed fo~ ~egulation. One exception

is fo~ constituents that we~e detected in the t~eated waste (labelled ND* in

Table 6-1). These constituents may have been p~esent but we~e not detected in

the unt~eated wastes due to analytical masking p~oblems o~ that they may not

have been p~esent in the unt~eated waste, but were formed dU~ing the

incine~ation p~ocess. The constituents are: bis(2-ethylhexyl)phthalate and

di-n-butyl phthalate which were not detected in untreated K019 but were

detected in kiln ash residue from rotary kiln incineration of K019 at plant A

(sampled by EPA); toluene and di-n-butyl phthalate which were also not

detected in untreated K019 but were detected in the scrubber water residual

from rotary kiln incineration of K019.

Dichlorodifluoromethane was not detected in the unt~eated K019 but

was detected in the scrubber water residual at plant A. This constituent is

believed to be present in the waste due to the contamination from a process

coolant system at plant A. The detection limits determined in the character

ization of K019 are presented in Appendix F.

BOAT List Constituents That Were Not Analyzed. Some constituents on

the BOAT List were not considered'for regulation because they were not ana

lyzed in the untreated wastes (labelled 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
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constituents were not analyzed in the untreated waste because they were not on

the BOAT 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 BOAT List were not

considered for regulation because detection limits or analytical results were

not obtained due to analytical or accuracy problems (labelled A in Table 6-1).

The analytical and accuracy problems include: (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

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 BOAT List Constituents Detected in Untreated Waste But Not Con

sidered for Regulation

Some BOAT List constituents that were detected in the untreated

K016, K018, K019, K020, and K030 wastes were not considered for regulation if

(1) available treatment performance data for the constituent did not show

effective treatment by BOAT; (2) treatment performance data were not available

for the constituent; or (3) the constituent was not present at treatable

concentrations in the waste; or (4) other reasons as described below. BOAT
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List constituents that were further considered for regulation following the

deletions described in this section are listed in Table 6-2.

BD~T List metal constituents were not considered for regulation in

K016, K018, K019, K020, and K030 because these constituents were not detected

at treatable concentrations in either the untreated K019 waste or the K019

treatment residuals (incinerator ash and scrubber water). Data were not

available for metals analyses in K016, K018, K020, and K030. However, due to

the similarity between these wastes and K019, metals would also not be

expected to be present at treatable concentrations in K016, K018, K020, and

K030. Furthermore, incineration, the technology for which treatment per

formance data were collected for K019 waste, does not provide substantial

treatment for metals.

Sulfide was not considered for regulation for K019 nonwastewater

because the technology determined to be BOAT for K019 (rotary kiln inciner

ation) does not provide effective treatment for this constituent. Moreover,

the Agency is unaware of any demonstrated technolo~y for treatment of sulfide

in K019.

6.2 Constituents Selected for Regulation

BOAT List constituents selected for regulation in K016, K018, K019,

K020, and K030 are presented in Table 6-3. The selection of regulated
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constituents in nonwastewaters is discussed in Section 6.2.1 and for waste

waters in Section 6.2.2.

6.2.1 Selection of Regulated Constituents in Nonwastewater

Regulated organic and inorganic constituents in nonwastewater were

selected from those BOAT List organic and inorganic constituents detected in

the untreated wastes that were effectively treated by rotary kiln incineration

and from those constituents that were detected in the treated wastes.

As explained in Section 1.0, the Agency is not regulating all of the

constituents considered for regulation (Table 6-2) to reduce the analytical

cost burdens on the treater and to facilitate implementation of the compliance

and enforcement program. Included in Table 6-3 are constituents selected for

regulation after consideration of: (1) constituent concentration levels in

the untreated waste; (2) whether the constituents are adequately controlled by

the regUlation of another constituent; (3) the relative difficulty associated

with achieving effective treatment of the constituent by BOAT.

Determination of adequate control for organic constituents was based

on an evaluation of the characteristics of the constituents that would affect

performance of rotary kiln incineration relative to the kiln ash residual,

specifically, the boiling point of the constituents. In general, a constitu

ent is believed to be controlled by regulation of another constituent that has
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a higher boiling point. Boiling points for all BOAT List constituents con

sidered for regulation are tabulated in Appendix E.

The constituents selected for regulation and the constituents

controlled by regulating other constituents are discussed below for each waste

code.

K016

All constituents considered for regulation in K016 nonwastewater

were selected for regulation. The constituents selected for regulation are

tetrachloroethene, hexachlorobenzene, hexachlorobutadiene, hexachlorocyclo

pentadiene, and hexachloroethane.

KOla

Chloroethane, l,l-dichloroethane, 1,2-dichloroethane, l,l,l-trichlo

roethane, hexachlorobenzene, hexachlorobutadiene, hexachloroethane, and

pentachloroethane were selected for regulation in K018 nonwastewater. Chlo

romethane and 1,1,2-trichloroethane were detected in untreated K018 and were

considered for regulation, but were not selected because they were found at

lower concentrations in the untreated waste and they are believed to be

adequately controlled by incineration of other constituents that have been

selected for regulation. This decision was based on a comparison of boiling
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points of those constituents considered for regulation. EPA believes that

chloromethane (bp -24oC) will be adequately controlled by regulation of

chloroethane (bp 12oC), 1,1-dichloroethane (bp 57oC), and other regulated

constituents with boiling points higher than -24oC. 1, 1,2-Trichloroethane (bp

1130 C) will be adequately controlled by regulation of pentachloroethane (bp

161oC), hexachloroethane (bp 187oC), and other regulated constituents with

boiling points higher than 1130 C.

Chlorobenzene, chloroform, 1,2-dichloroethane, tetrachloroethene,

1,1,1-trichloroethane, bis(2-chloroethyl)ether, hexachloroethane, naphthalene,

phenanthrene, and 1,2,4-trichlorobenzene were selected for regulation in K019

nonwastewater. Carbon tetrachloride, 1,1-dichloroethane, 1,1,2,2-tetra

chloroethane, trichloroethene, 1,1,2-trichloroethane, p-dichlorobenzene,

fluorene, hexachlorobutadiene, hexachlorobenzene, pentachlorobenzene, and

1,2,4,5-tetrachlorobenzene were detected in untreated K019 and were considered

for regulation, but were not selected because these constituents were found at

lower concentrations in the untreated waste and they are believed to be

adequately controlled by incineration of other constituents which have been

selected for regulation. This decision was based on a comparison of the

boiling points of those constituents considered for regulation. EPA believes

that carbon tetrachloride (bp 770 C) will be adequately controlled by regu

lation of chlorobenzene (bp 131 oC), 1,2-dichloroethane (bp 830 C), and other
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regulated constituents with boiling points higher than 11°C. 1,1-Dichloro

ethane (bp 570 C)-will be adequately controlled by regulation of chlorobenzene

(bp 131°C), chloroform (bp 61°C), and other regulated constituents with

boiling points higher than 51°C. Trichloroethene (bp 81°) will be adequately

controlled by regulation of chlorobenzene (bp 131°C), tetrachloroethene (bp

121°C), and other regulated constituents with boiling points higher than 87°C.

p-Dichlorobenzene (bp 174°C) will be adequately controlled by regulation of

bis{2-chloroethyl)ether (bp 178°C), hexachloroethane (bp 187°C), and other

regulated constituents with boiling points higher than 174°C. 1,1,2-Tri

chloroethane (bp 113°C) and 1, 1,2,2-tetrachloroethane (bp 147°C) will be
Q

adequately controlled by regulation of bis(2-chloroethyl)ether (bp 178°C), and

other regulated constituents with boiling points higher than 147°C. Fluorene

(bp 295°C), hexachlorobutadiene (bp 215°C), hexachlorobenzene (bp 324°C),

pentachlorobenzene (bp 276°C), and 1,2,4,5-trichlorobenzene (bp 246°C) will be

adequately controlled by regulation of phenanthrene (bp 340°C).

Bis(2-ethylhexyl)phthalate and di-n-butyl phthalate were not

detected in untreated K019 but were detected in kiln ash residue from rotary

kiln incineration of K019 at plant A (sampled by EPA). These constituents

were considered for regulation but were not selected because they were found

at treatable concentrations in another waste (RCRA Blend) that was incinerated

with K019 during the sampling episode at plant A.
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K020

1,2-Dichlo~oethane, 1,1,2,2-tet~achlo~oethane, and tetrachloro

ethene, were selected for ~egulation in K020 nonwastewater. 1,1,2-Trichloro

ethane was considered for ~egulation, but was not selected because it was

found at a lower concent~ation in the untreated waste, and it is believed to

be adequately controlled by incineration of othe~ constituents which have been

selected for regulation. This decision was based on a comparison of the

boiling points of those constituents considered for regulation. EPA believes

that 1,1,2-trichloroethane (bp 1130 C) will be adequately controlled by regu

lation of 1,1,2,2-tetrachloroethane (bp 1470 C) and tetrachloroethene (bp

121 0 C).

Tetrachloroethene, hexachlorobutadiene, hexachloroethane, hexa

chloropropene, pentachlorobenzene, pentachloroethane, 1,2,4,5-tetrachloro

benzene, and 1,2,4-trichlorobenzene were selected for ~egulation in K030

nonwastewater. o-Dichlorobenzene, p-dichlorobenzene, and hexachlorocyclo

pentadiene were detected in untreated K030 and were considered for regulation

but were not selected because these constituents were found at lower concen

trations in the untreated waste and they are believed to be adequately con

trolled by incineration of other constituents which have been selected for

regulation. This decision was based on a comparison of the boiling points of

those constituents considered for regulation. EPA believes that o-dichloro-
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benzene (bp 181 0 ) and p-dichlorobenzene (bp 1740 C) will be adequately con

trolled by regulation of hexachlorobutadiene (bp 2150 C), hexachloroethane (bp

1870 C), and other regulated constituents with boiling points higher than

181 0 C. Hexachlorocyclopentadiene (bp 2340 C) will be adequately controlled by

regulation of pentachlorobenzene (bp 276°C) and 1,2,4,5-tetrachlorobenzene (bp

2460 C).

6.3.2 Selection of Regulated Constituents in Wastewaters

Regulated constituents for wastewater forms of K016, K018, K019,

K020, and K030 were selected based on the method used for nonwastewaters; that

is, regulated organic and inorganic constituents in wastewater were selected

from the BOAT List organic constituents detected in the untreated wastes that

showed effective treatment using rotary kiln incineration and from those

constituents that were detected in the treated wastes.

As explained in Section 1.0, not all of the constituents considered

for regulation (Table 6-2) will be regulated by the Agency to reduce the

analytical cost burdens on the treater and to facilitate implementation of the

compliance and enforcement program. Table 6-3 presents the constituents

selected for regulation after consideration of: (1) constituent concentration

in the untreated waste; (2) whether the constituents are adequately controlled

by the regulation of another constituent; (3) the relative difficulty associ

ated with achieving effective treatment of the constituent by BOAT.
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The Agency's determination of adequate control for organic constitu

ents is based on-an evaluation of the characteristics of the constituents that

would affect performance of incineration relative to the scrubber water

residual, specifically, the estimated bond dissociation energies for the

constituents. In general, a constituent is believed to be controlled by

regulation of another constituent that has a higher bond dissociation energy.

Estimated bond dissociation energies for all BOAT list constituents considered

for regulation are tabulated in Appendix E.

The constituents selected for regulation and the constituents con

trolled by regulating other constituents are discussed below by waste code.

K016

All constituents considered for regulation in K016 wastewater were

selected for regulation. The constituents selected for regulation are tetra

chloroethene, hexachlorobenzene, hexachlorobutadiene, hexachlorocyclopenta

diene, and hexachloroethane.

KOla

Chloroethane, chloromethane, l,l-dichloroethane, l,2-dichloroethane,

l,l,l-trichloroethane, hexachlorobenzene, hexachlorobutadiene, and penta

chloroethane were selected for regulation in KOla wastewater. Hexachloro

ethane and l,1,2-trichloroethane were considered for regulation but were not

selected because these constituents were found in lower concentrations in the
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untreated ~aste, and they are believed to be adequately controlled by incin

eration of other constituents ~hich have been selected for regulation. This

decision ~as based on a comparison of bond dissociation energies (BDE) of

those constituents considered for regulation. EP~ believes that hexachloro

ethane (BDE 655 kcal/mole) ~ill be adequately controlled by regulation of

pentachloroethane (BDE 660 kcal/mole), 1,1,1-trichloroethane (BDE 610

kcal/mole), and other regulated constituents with bond dissociation energies

greater than 655 kcal/mole. 1, 1,2-Trichloroethane (BDE 610 kcal/mole), will

be adequately controlled by regulation of 1,1-dichloroethane (BDE 615

kcal/mole), 1,2-dichloroethane (BDE 615 kcal/mole), and other regulated

constituents with bond dissociation energies higher than 610 kcal/mole.

Chlorobenzene, chloroform, 1,2-dichloroethane, tetrachloroethene,

1,1,1-trichloroethane, bis(2-chloroethyl)ether, p-dichlorobenzene, fluorene,

hexachloroethane, naphthalene, phenanthrene, 1,2,4,5-tetrachlorobenzene, and

1,2,4-trichlorobenzene were selected for regulation in K019 wastewater.

Carbon tetrachloride, 1,1-dichloroethane, trichloroethene, hexachloro

butadiene, hexachlorobenzene, and pentachlorobenzene were considered for

regulation but were not selected because these constituents were found in

lower concentrations in the untreated waste, and they are believed to be

adequately controlled by incineration of other constituents which have been

selected for regulation. 1,1,2-Trichloroethane and 1,1,2,2-tetrachloroethane

were considered for regulation but were not selected for regulation because
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these constituents are believed to be adequately controlled by incineration of

other constituents which have been selected for regulation. This decision was

based on a comparison of bond dissociation energies (BDE) of those constitu

ents considered for regulation. EPA believes that carbon tetrachloride (BDE

380 kcal/mole), 1,1-dichloroethane (BDE 675 kcal/mole), trichloroethene (BDE

481 kcal/mole), 1,1,2-trichloroethane (BDE 670 kcal/mole), and 1,1,2,2-tetra

chloroethane (BDE 665 kcal/mole) will be adequately controlled by regulation

of bis(2-chloroethyl)ether (BDE 1290 kcal/mole), chlorobenzene (BDE 1320

kcal/mole), and other regulated constituents with bond dissociation energies

greater than 670 kcal/mole. Hexachlorobutadiene (BDE 855 kcal/mole), hexa

chlorobenzene (BDE 1310 kcal/mole), and pentachlorobenzene (BDE 1320

kcal/mole) will be adequately controlled by regulation of chlorobenzene (BDE

1320 kcal/mole), p-dichlorobenzene (BDE 1330 kcal/mole), and other regulated

constituents with bond dissociation energies greater than 1320 kcal/mole.

Dichlorodifluoromethane, toluene, and di-n-butyl phthalate were not

detected in untreated K019 waste but were detected in the scrubber water

residual from rotary kiln incineration of K019 at plant A (sampled by EPA).

These constituents were considered but not selected for regulation in K019

wastewater. Toluene and di-n-butyl phthalate were not selected for regulation

because they were present at treatable concentrations in other wastes that

were incinerated with K019 during the sampling episode at plant A. Dichloro

difluoromethane may have been a contaminant from the process coolant system at

plant A since it was not detected in any of the wastes incinerated at plant A

during the sampling episode. EPA does not believe that this constituent was
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formed as a result of incineration of K019, since there is neither fluoride

nor a source of fluorine in K019. Therefore, dichlorodifluoromethane was not

selected for regulation.

K020

1,2-0ichloroethane, 1,1,2,2-tetrachloroethane, and tetrachloroethene

were selected for regulation in K020 wastewater. 1,1,2-trichloroethane was

considered for regulation but was not selected for regulation because it was

found at a lower concentration in the untreated waste, and it was believed to

be adequately controlled by incineration of other regulated constituents which

have been selected for regulation. This decision was based on a comparison of

bond dissociation energies (BOE) of those constituents considered for regula

tion. EPA believes that 1,1,2-trichloroethane (BOE 670 kcal/mole) will be

adequately controlled by regulation of 1,2-dichloroethane (BOE 675 kcal/mole).

Tetrachloroethene, o-dichlorobenzene, p-dichlorobenzene, hexachloro

butadiene, hexachloroethane, pentachloroethane, 1,2,4,5-tetrachlorobenzene,

and 1,2 , 4-trichlorobenzene were selected for regulation in K030 wastewater.

Hexachlorocyclopentadiene, hexachloropropene, and pentachlorobenzene were

considered for regulation but were not selected for regulation because these

constituents were found at lower concentration in the untreated waste, and

they are believed to be adequately controlled by incineration of other

6-14



constituents which have been selected for regulation. This decision was based

on a comparison of bond dissociation energies (BDE) of those constituents con

sidered for regulation. EPA believes that heKachlorocyclopentadiene (BDE 1020

kcal/mole), hexachloropropene (BDE 710 kcal/mole), and pentachlorobenzene (BDE

1320 kcal/mole) will be adequately controlled by regulation of o-dichloro

benzene (BDE 1330 kcal/mole), p-dichlorobenzene (BDE 1330 kcal/mole), 1,2,4,5

tetrachlorobenzene (BDE 1320 kcal/mole), and 1,2,4-trichlorobenzene (BDE 1325

kcal/mole).
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Table 6-1

STATUS OF BOAT LIST CONSTITUENTS PRESENT IN UNTREATED K016, K018-K020, K030 WASTES

0'

•......
0'

Volatiles
,,22.

1.
2.
3.
4.
5.
6.

223.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

224.
225.
226.
30.

227.
31.

214.

NA - Not analyzed.
NO - Not detected.

NO. - This constituent was not detected in
o - This constituent was detected in the

portion of the Administrative Record

K016 K018 KOl9 K020 K030
Oetection Oetection Oetection Oetection Oetection

Status Status Status Status Status
(mg/kg) (mg/kg) (mg/kg) (mg/kg) --i!!!aLkg)

NO NO NA NO NO
NA NA NO NA NA
NA NA NO NA NA
NA NA NO NA NA
NO NO NO NO NO
NO NO NO NO NO
NO NO NO NO NO
NA NA NA NA NA
NO NO 3,500-<25,000 NO NO
NA NA NO NA NA
NO NO <2.000-<25.000 NO NO
NA NA NO NA NA
NO NO NO NO NO
NO 64.000-180.000 NO NO NO
NO NO NO NO NO
NO NO 4.600-<25.000 NO NO
NO 6.500-<10.000 NO NO NO
NA NA NO NA NA
NA NA NO NA NA
NA NA NO NA NA
NA NA NO NA NA
NO NO NO NO NO
NA NO NO· NO NO
NO 3.500-710.000 <2.000-<25,000 NO NO
NO <5.000-96.000 87.000-500.000 0 NO
NO NO NO NO NO
NO NO NO NO NO
NO NO NO NO NO
NO NO NO NO NO
NO NO NO NO NO
NA NA NO NA NA
NA NA NA NA NA
NA NA NA NA NA
NO NO NA NO NO
NA NA NO NA NA
NA NA NA NA NA
NA NA NO NA NA
NA I'lA NA NA NA

untreated waste but "as detected in the treated residual.
untreated waste. The concentration range detected is available in the confidential
for this rulemaktng.



Table 6-1 (Con tinued)

STATUS OF BOAT LIST CONSTITUENTS PRESENT IN UNTREATED K016, K018-K020, K030 WASTES

K016 K018 K019 K020 K030
Detection Detection Detection Detection Detection
Status Status Status Status Status
(mg/kg) (mg/kg) (mg/kg) (mg/k9) (mg/kg]

Volatiles (Cont.)
32. Iodomethane NA NA NO NA NA
33. Isobutvl alcohol NA NA NO NA NA

228. Methanol NA NA NA NA NA
34. Methv l ethyl ketone NA NA NO NA NA

229. Methv l isobutyl ketone NA NA NA NA NA
35. Methvl methacrvlate HA NA NO NA NA
37. Methacrvlonitrile NA NA NO NA NA
38. Methvlene chloride NO NO NO NO NO

230. 2-Nitropropane NA NA NA NA NA
39. Pyridine NA NA NO NA NA
40. l,l,I,2-Tetrachloroethane NO NO NO NO NO
41. 1,1,2,2-Tetrachloroethane NO NO <2,000-130,000 0 NO
42. Tetrachloroethene 20,000-150,000 NO 6,000-<25,000 0 0

43. Toluene NO NO NO· NO NO
44. Trlbromomethane NA NA NO NA NA
45. 1,1,l-Trichloroethane NO <250-6,400 <25,000-81,000 NO NO
46. l,I,2-Trichloroethane NO <250-23,000 <2,000-28,000 0 NO

0\ 47. Trichloroethene NO NO 2,200-<25,000 NO NO

I 48. Trichloromonofluoromethane NA NA NO NA NA
..... 49 . 1,2,3-Trichloropropane NO NO NO NO NO..... 231. 1,1,2-Trichloro-l,2,2-trifluoroethane NA NA NA NA NA

50. Vlnvl chloride NO NO NO NO NO
215. l,2-Xv 1ene NO NO NO NO NO

216. l,3-Xvlene NO NO NO NO NO
217. 1,4-XVlene NO NO NO NO NO

Semivolatiles
51. Acenaphthalene NA NA NO NA NA
52. Acenaphthene NA NA NO NA NA

53. Acetophenone NA NA NO NA NA
54. 2-Acetvlaminofluorene NA NA NO NA NA

55. 4-Aminobiphen v l NA NA NO NA NA

56. Ani! ine NA NA NO NA NA

57. Anthracene NA NA NO NA NA

58. Aramite NA NA NO NA NA

59. Benz(a)anthracene NA NA NO NA NA
218. Benzal chloride NA NA NA NA NA

60. Benzenethiol NA NA NO NA NA

NA - Not analvzed.
NO - Not detected.

NO. - This constituent was not detected In untreated waste but was detected in the treated residual.
o - This constituent was detected In the untreated waste. The concentration range detected Is available in the confidential

portion of the Administrative Record for this rulemaking.



Table 6-1 (Continued)

STATUS OF BDAT LIST CONSTITUENTS PRESENT IN UNTREATED K016, K018-K020, K030 WASTES

KOl6 K018 K019 K020 K030
Detection Detection Detection Detection Detection
Status Status Status Status Status
(mg/kg) (mg/kg) _(mg/kg) (mg/kg) (mg/kg)

Semlvolatiles (Cont.)
62. Benzo(a)pyrene NA NA NO NA NA
63. Benzo(b)fluoranthene NA NA NO NA NA
64. Benzo(ghi)perylene NA NA NO NA NA
65. Benzo(k)fluoranthene NA NA NO NA NA
66. p-Benzoqulnone NA NA NO NA NA
67. Bls(2-chloroethoKy)ethane NO NO NO NO NO
68. Bis(2-chloroethyl)ether NO NO <20-340 NO NO
69. Bis(2-chloroisopropyl)ether NO NO NO NO NO
70. Bls(2-ethylheKyl)phthalate NA NA NO- NA NA
71. 4-Bromophenyl phenyl ether NO NO NO NO NO
72. Butyl benzyl phthalate NA NA NO NA NA
73. 2-sec-Butyl-4.6-dlnltrophenol NA NA NO NA NA
74. p-Chloroanillne NA NA NO NA NA
75. Chlorobenzilate NA NA NO NA NA
76. p-Chloro-m-cresol NA NA NO NA NA
77. 2-Chloronaphthalene NO NO NO NO NO
78. 2-Chlorophenol NO NO NO NO NO

a- 79. 3-Chloropropionitrile NA NA NO NA NA
I 80. Chrysene NA NA NO NA NA

0- 81. ortho-Cresol NA NA NO NA NA
(XI

82. para-Cresol NA NA NO NA NA
232. CycloheKanone NA NA NA NA NA
83. Dibenz(a.h)anthracene NA NA NO NA NA
84. Dibenzo(a.e)pyrene NA NA NO NA NA
85. Dibenzo(a.l)pyrene NA NA NO NA NA
86. m-Dichlorobenzene NO NO NO NO 0

87. o-Dlchlorobenzene NO NO NO NO 0

88. p-Dlchlorobenzene NO NO <20-90 NA NA
89. 3.3'-Dlchlorobenzidlne NA NA NO NO NO
90. 2.4-Dlchlorophenol NO NO NO NO NO
91. 2.6-Dlchlorophenol NO NO NO NA NA
92. Olethyl phthalate NA NA NO NA NA
93. 3.3·-DImethoKybenzldlne NA NA NO NA NA
94. p-Olmethylamlnoazobenzene NA NA NO NA NA
95. 3.3'-Dlmethylbenzidlne NA NA NO NA NA
96. 2.4-0Imethylphenol NA NA NO NA NA
97. Dimethyl phthalate NA NA NO NA NA

NA - Not analyzed.
NO - Not detected.

NO- - This constituent was not detected In untreated waste but was detected In the treated residual.
o - This constituent was detected In the untreated waste. The concentration range detected is ava i Iab I e In the confidential

portion of the Administrative Record for this rulemaklng.



Table 6-1 (Continued)

STATUS OF BOAT LIST CONSTITUENTS PRESENT IN UNTREATED K016, K018-K020, K030 WASTES

K016 K018 K019 K020 K030
Detectlon Detectlon Detectlon Detectlon Detection
Status Status Status Status Status
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/k91

Semlvolatl1es (Cont.)
98. Dl-n-butyl phthalate NA NA NO· NA NA
99. 1,4-01nltrobenzene NA NA NO NA NA

100. 4,6-01nltro-o-cresol NA NA NO NA NA
101. 2,4-01nltrophenol NA NA NO NA NA
102. 2,4-01nltrotoluene NA NA NO NA NA
103. 2,6-01nltrotoluene NA NA NO NA NA
104. 01-n-octyl phthalate NA NA NO NA NA
105. Dl-n-propylnltrosamlne NA NA NO NA NA
106. Dlphenylamlne NA NA NO NA NA
219. Dlphenylnltrosamlne NA NA NA NA NA
107. 1,2-01phenylhydrazlne NA NA NO NA NA
108. Fluoranthene NA NA NO NA NA
109. Fluorene NA NA 16-22 NA NA
110. Hexachlorobenzene <99-54.000 29-<740 <20-87 NO NO
111. Hexachlorobutadlene 34,000-81,000 31-<740 <20-94 NO 0
112. Hexachlorocyclopentadlene 5,900-7,100 NO NO NO 0
113. Hexachloroethane 25,000-38,000 22-<740 <20-120 NO 0

0- 114. HexaChlorophene NA NA NO NA NA
I 115. Hexachloropropene NO NO NO NO 0.....

116. Indeno(I,2,3-cd)pyrene NA NA NO NA NA
\0

117. lsosafrole NA NA NO NA NA
118. Methapyrllene NA NA NO NA NA
119. 3-Methylcholanthrene NA NA NO NA NA
120. 4,4'-Methylenebls (2-chloroanlI1ne) NA NA NO NA NA
36. Methyl methanesulfonate NA NA NO NA NA

121. Naphthalene NA NA 314-470 NA NA
122. 1,4-Naphthoqulnon e NA NA NO NA NA
123. l-Naphthylamlne NA NA NO NA NA
124. 2-Naphthylamlne NA NA NO NA NA
125. p-Nltroanll1ne NA NA NO NA NA
126. Nltrobenzene NA NA NO NA NA
127. 4-Nltrophenol NA NA NO NA NA
128. N-Nltrosodl-n-butylamlne NA NA NO NA NA
129. N-Nltr050dlethylamlne NA NA NO NA NA
130. N-Nltrosodlmethylamlne NA NA NO NA NA
131. N-Nltrosomethylethylamlne NA NA NO NA NA
132. N-Nltrosomorphollne NA NA NO NA NA

NA - Not analyzed.
NO - Not detected.

NO. - Thls constituent was not detected In untreated waste but was detected In the treated residual.
o - Thls constltuent was detected In the untreated waste. The concentratlon range detected is ava; lable tn the confidential

portlon of the Admlnistratlve Record for this rulemaklng.



Table 6-1 (Continued)

STATUS OF BOAT LIST CONSTITUENTS PRESENT IN UNTREATED K016, K01B-K020, K030 WASTES

K016 K018 K019 K020 K030
Detection Detection Detection Detection Detection
Status Status Status Status Status
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Semlvolatiles (Cont.)
133. N-Nitrosoplperldine NA NA NO NA NA
134. N-Nitrosopyrrolldlne NA NA NO NA NA
135. 5-Nitro-o-toluidlne NA NA NO NA NA
136. Pentachlorobenzene NO NO <20-65 NO 0
137. Pentachloroethane NO 300-<740 NO NO 0
138. Pentachloronitrobenzene NA NA NO NA NA
139. Pentachlorophenol NO NO NO NO NO
140. Phenacetin NA NA NO NA NA
141. Phenanthrene NA NA 11-21 NA NA
142. Phenol NA NA NO NA NA
220. Phthalic anhydride NA NA NA NA NA
143. 2-Picollne NA NA NO NA NA
144. Pronamide NA NA NO NA NA
145. Pyrene NA NA NO NA NA
146. Resorcinol NA NA NO NA NA
147. Safrole NA NA NO NA NA
148. 1.2.4.5-Tetrachlorobenzene NO NO <20-86 NO 0

CJ' 149. 2.3.4,6-Tetrachlorophenol NO NO NO NO NO
I 150. 1,2.4-Trlchlorobenzene NO NO <20-100 NO 0

N 151. 2.4.5-Trlchlorophenol NO NO NO NO NO
0

152. 2.4.6-Trichlorophenol NO NO NO NO NO
153. Trls(2.3-dlbromopropyl)ph06phate NA NA NO NA NA

Metals
154. Antimony NA NA NO NA NA
155. Arsenic NA NA <0.2-1.2 NA NA
156. Barium NA NA <0.9-0.97 NA NA
157. Beryllium NA NA NO NA NA
158. Cadmium NA NA <0.3-0.63 NA NA
159. Chromium (total) NA NA 1.8-5.3 NA NA
221. Chromium (hexavalent) NA NA NO NA NA
160. Copper NA NA <1.0-3.6 NA NA
161. Lead NA NA 2.3-3.5 NA NA
162. Mercury NA NA NO NA NA
163. Nickel NA NA 2.2-6.0 NA NA
164. Selenium NA NA NO NA NA

NA - Not analyzed.
NO - Not detected.

o - This constituent was detected In the untreated waste. The concentration range detected is available in the confidential portion
of the Administrative Record for this rulemaking.



Table 6-1 (Continued)

STATUS OF BOAT LIST CONSTITUENTS PRESENT IN UNTREATED K016, K018-K020, K030 WASTES

KOl6 KOl8 K019 K020 K030
Detection Detection Detection Detection Detection
Status Status Status Status Status
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Metals (Cant.)
165. Silver NA NA NO NA NA
166. Thallium NA NA NO NA NA
167. Vanadium NA NA NO NA NA
168. Zinc NA NA 4.4-9.4 NA NA

Inorganlcs
169. Cyanide NA NA NO NA NA
170. Fluoride NA NA NO NA NA
171. Sulfide NA NA 790 NA NA

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. de I ta-BHC NA NA NA NA NA
176. gamma-BHC NA NA NA NA NA
177. Chlordane NA NA NA NA NA

a- 178. DOD NA NA NA NA NA

I 179. DOE NA NA NA NA NA
N 180 . DDT NA NA NA NA NA.....

181. Dieldrin NA NA NA NA NA
182. End05ulfan I NA NA NA NA NA
183. Endo5ulfan II 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. Isodrin NA NA NA NA NA
189. Kepone NA NA NA NA NA
190. Methoxychlor NA NA NA NA NA
191. Toxaphene NA NA NA NA NA

NA - Not analyzed.
NO - Not detected.



Table 6-1 (Continued)

STATUS OF BOAT LIST CONSTITUENTS PRESENT IN UNTREATED K016, K018-K020, K030 WASTES

K016 K018 K019 K020 K030
Detection Detection Detection Detection Detection
Status Status Status Status Status
(mg/kg) (mg/kg) (mY/kg) (mg/kg) (mg/kg)

Phenoxyacetic Acid Herbicides
192. 2,4-Dichlorophenoxyacatic acid NA NA NA NA NA
193. Silvex NA NA NA NA NA
194. 2,4,5-T NA NA NA NA NA

OrganophOsphorus Insecticides
195. Dhulfoton 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

0-
204. Aroclor 1248 NA NA NA NA NA

I 205. Aroclor 1254 NA NA NA NA NA
N 206. Aroclor 1260 NA NA NA NA NA
N

Dioxins and Furans

207. Hexachlorodibenzo-p-dioxins NA NA NA NA NA
208. Hexachlorodibenzofuran NA NA NA NA NA
209. Pentachlorodibenzo-p-dioxins NA NA NA NA NA
210. Pentachlorodibenzofuran NA NA NA NA NA
211. Tetrachlorodibenzo-p-dioxins NA NA NA NA NA
212. Tetrachlorodibenzofuran NA NA NA NA NA
213. 2,3,7,8-Tetrachlorodibenzo-p-dioxin NA NA NA NA NA

NA - Not analyzed.
NO - Not detected.



Table 6-2

BOAT LIST CONSTITUENTS CONSIDERED FOR REGULATION-

0'
I

N
W

42.
110.
111.
112.

113.

~

Tetrachloroethene
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopent-

adiene
Hexachloroethane

NONWASTEWATERS

!i!!l! ~

12. Chloroethane 7. Carbon tetrachloride 23.
15. Chloromethane 9. Chlorobenzene 41.
22. 1,1-0ichloroethane 14. Chloroform
23. 1,2-0ichloroethane 22. 1,1-0ichloroethane 42.
45. 1,I,I-Trichloro- 23. 1.2-0ichloroethane 46.

ethane 41. 1,I,2,2-Tetrachloroe-
46. l,I,2-Trichloroethane thane

110. Hexachlorobenzene 42. Tetrachloroethene
111. Hexachlorobutediene 45. l,l,I-Trichloro-
113. Hexachloroethane thane
137. Pentachloroethane 46. 1,I,2-Trichloroe-

thane
47. Trichloroethene
68. Bis(2-chloroethyl)-

ether
70. Bis(2-ethylhe xyl)-

phthalate
88. p-Oichlorobenzene
98. Oi-n-butyl phthalate

109. Fluorene
110. Hexachlorobenzene
111 . Hexachlorobutadlene
113. Hexachloroethane
121. Naphthalene
136. Pentachlorobenzene
141. Phenanthrene
148. 1.2,4.5-Tetrachloro-

benzene
150. 1.2,4-Trichloroben-

zene

K020

1,2-0ichloroethane
1,I,2,2-Tetrachloroe
thane
Tetrachloroethene
1,I,2-Trichloro
ethane

42.
B7.
BB.

Ill.
112.

113.
115.
136.
137.
148.

150.

~

Tetrachloroethene
o-Olchlorobenzene
p-Olchlorobenzene
Hexachlorobutadiene
Hexachlorocyclopent-

adiene
Hexachloroethane
Hexachloropropene
Pentachlorobenzene
Pentachloroethane
1,2.4,5-Tetrachloro-

benzene
1.2,4-Trlchloroben

zene

.All constituents on this list were detected In the K016, K018, KOI9. K020, or K030 wastes and were either selected for regulation
(as shown in Table 5-3) or ere believed to be controlled by regUlation of another constituent.



Table 6-2 (Continued)

BOAT LIST CONSTITUENTS CONSIDERED FOR REGULATION-

WASTEWATERS

0\
I

N
~

42.
110.
111.
112.

113.

KOl6

Tetrachloroethene
Hexachlorobenzene
Hex8chlorobutadiene
Hexachlorocyclopent-

adiene
Hexachloroethane

12.
15.
22.
23.
45.

46.
110.
111 .
113.
137.

~

Chloroethane
Chloromethane
1.I-Oichloroethane
1.2-0ichloroethane
1.1.1-Trlchloro-

ethane
l,l.2-Trichloroethane
Hexachlorobenzene
Hexachlorobutadiene
Hexachloroethane
Pentachloroethane

7.
9.

14.
21.

22.
23.
41.

42.
43.
45.

46.

47.
68.

88.
98.

109.
110.
III.
113.
121.
136.
141.
148.

150.

~

Carbon tetrachloride
Chlorobenzene
Chloroform
Oichlorodlfluoro
methane
1.1-0ichloroethane
1.2-0Ichloroethane
1,I,2,2-Tetra
chloroethane
Tetrachloroethene
Toluene
I. I. I-Trichloro
ethane
1,1.2-Trlchloro
ethane
Trlchloroethene
Bis(2-chloroethyl}-

ether
p-Dlchlorobenzene
Ol-n-butyl phthalate
Fluorene
Hexachlorobenzene
Hexachlorobutadlene
Hexachloroethane
Naphthalene
Pentechlorobenzene
Phenanthrene
1.2,4,5-Tetrachloro-

benzene
1,2.4-TrIChloroben

zene

23.
41.

42.
46.

K020

1,2-0ichloroethana
1,I,2,2-Tetrachloro

ethane
Tetrachloroethane
I, I ,2-Trlchloro

ethane

42.
87.
88.

I 1 1 .
112.

113.
115.
136.
137.
148.

150.

K030

Tetrachloroethene
o-Dlchlorobenzene
p-Olchloroben zene
Hexachlorobutadiene
Hexachlorocyclopent-

adiene
Hexachloroethane
HeKachloropropene
Pentachlorobenzene
Pentachloroethane
1.2.4,S-Tetrachloro-

benzene
1,2,4-Trichloroben

zene

.All constituents on this list were detected in the K016, K018, K019.K020, or K030 wastes and were either selected for regulatIon
under the selection method considered for the final rule (as shown In Table 5-4) or are belIeved to be controlled by regulation of
another constituent.



Table 6-3

BOAT LIST CONSTITUENTS SELECTED FOR REGULATION

NONWASTEWATERS

0

•N
V1

42.
110.
11 I .
112.

113.

~

Tetrachloroethene
Hexachlorobenzene
Hexachlorobutadlene
Hexachlorocyclopent-

adlene
Hexachloroethane

12.
22.
23.
45.

110.
111.
113.
137.

KOl8

Chloroethane
1.1-0lchloroethane
1.2-0lchloroethane
l,l,l-Trichloro-

ethane
Hexachlorobenzene
Hexachlorobutadlene
Hexachloroethane
Pentachloroethane

9.
14.
23.
42.
45.

68.

113.
121.
141.
150.

~

Chlorobenzene
Chloroform
1.2-0lChloroethane
Tetrachloroethene
I, I. I-TrIchloro-

ethane
BIs(2-chloroethyl)-

ether
Hexachloroethane
Naphthalene
Phenanthrene
1.2,4-Trlchloroben-

zene

23.
41.

42.

K020

l,2-01chloroethane
l,l,2,2-Tetrachloro

ethane
Tetrachloroethene

42.
111.
113.
liS.
136.
137.
148.

150.

K030

'Tetrachloroethene
HexBchlorobutadiene
Hexachloroethane
Hexachloropropene
Pentachlorobenzene
Pentachloroethane
1,2,4,5-Tetrachloro-

benzene
1.2.4-Trlchloroben

zene



Table 6-4

BOAT LIST CONSTITUENTS SELECTED FOR REGULATION

WASTEWATERS

0'
I

N
Q'\

42.
110.
1 I 1 .
112.

113.

~

Tetrachloroethene
Hexachlorobenzene
Hexachlorobutadlene
Hexachlorocyclopent-

adlene
Hexachloroethane

12.
15.
22.
23.
45.

110.
111.
137.

~

Chloroethane
Chloromethane
1,l-Dlchloroethane
1,2-Dlchloroethane
1,I,I-Trtchloro-

ethane
Hexachlorobenzene
Hexachlorobutadtene
Pentachloroethane

9.
14.
23.
42.
45.

68.

88.
109.
113.
121.
141.
148.

150.

~

Chlorobenzene
Chloroform
1,2-Dlchloroethane
Tetrachloroethene
1,I,I-Trlchloro-

ethane
Bls(2-chloroethyl)-

ether
p-Dlchlorobenzene
Fluorene
Hexachloroethane
Naphthalene
Phenanthrene
1,2,4,5-Tetrachloro-

benzene
1,2,4-Trlchloroben

zene

23.
41.

42.

K020

1,2-Dlchloroethane
1,I,2,2-Tetrachloro

ethane
Tetrachloroethene

42.
87.
88.

Ill.
113.
137.
148.

ISO.

K030

-Tetrachloroethene
o-Dlchlorobenzene
p-Dlchlorobenzene
Hexachlorobutadiene
Hexachloroethane
Pentachluroethane
1,2,4,S-Tetrachloro-

benzene
1,2,4-Trtchloroben

zene



7.0 CALCULATION OF TREATMENT STANDARDS

In Section 5.0 of this document, the best demonstrated and available

technology for treatment of K016, K018, K019, K020, and K030 was chosen based

on available performance data. In Section 6.0, the regulated constituents

were selected in order to ensure effective treatment of the wastes. The

purpose of Section 7.0 is to calculate treatment standards for each of the

regulated constituents using the available treatment data from the BOAT treat

ment technology. Included in this section is a step-by-step discussion of the

calculation of treatment standards for the nonwastewater and wastewater forms

of K016, K018, K019, K020, and K030.

Rotary kiln incineration was determined to be BOAT (see Section 5.0)

for K016, K018, K019, K020, and K030. Rotary kiln incineration generally

results in the generation of two treatment residuals: ash (a nonwastewater

form of K016, K018, K019, K020, and K030) and combustion gas scrubber water (a

wastewater form of K016, K018, K019, K020, and K030). The best measure of

performance for a destruction technology, such as rotary kiln incineration, is

the total amount of constituent remaining after treatment. Therefore, BOAT

treatment standards for organic constituents were calculated based on total

constituent concentration data.
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7.1 Calculation of Treatment Standards for Nonwastewater Forms of K016,

K018, K019. K020, and K030

The treatment standards for nonwastewater forms of K019 were calcu

lated using six data sets from rotary kiln incineration of K019 waste. Table

7-1 presents the concentration values for organic constituents in the treat

ment residual (ash) resulting from rotary kiln incineration of K019 at plant

A. Values are presented for constituents detected in the untreated K019 that

were used in development of treatment standards for K016, K018, K019, K020,

and K030 nonwastewaters. The concentration data presented in Table 7-1 have

been corrected to account for analytical recovery as described in Section 5.0.

Nonwastewater treatment standards were calculated for each regulated

constituent for K019 as shown in Table 7-4. The following three steps were

used to calculate the treatment standards: (1) The arithmetic average of the

corrected treatment values for each regulated constituent was calculated using

the six data points presented in Table 7-1. (2) Using these same data, a

variability factor was calculated that represents the variability inherent in

the performance of the treatment system, collection of treated samples, and

analysis of samples. Where concentrations in the treated waste were reported

as less than or equal to the det'ection limit for all the data points in the

data set, variability is still expected since the actual concentrations could

range from 0 to the detection limit. In these cases, the Agency assumed a

lognormal distribution of data points between the detection limit and a value
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1110 of the detection limit and calculated a variability factor of 2.8. (3)

The treatment standard for each regulated constituent was calculated by

multiplying the arithmetic average of the corrected treatment values by the

variability factor. The analytical methods for analysis of each regulated

constituent in K019 are included in Table 7-4. A detailed discussion of these

analytical methods is presented in AppendiK 0 (Analytical QA/QC).

K016, K018, K020, and K030

Treatment performance data from rotary kiln incineration of K016,

K018, K020, and K030 are not available. Therefore, the Agency is- transferring

performance data from the treatment of K019 at plant A to K016, K018, K020,

and K030. The calculations of treatment standards for K016, K018, K020, and

K030 are presented in Tables 1-2, 7-3, 1-5, and 1-6, respectively. The

transfer of treatment data is supported by the determination that K016, K018,

K019, K020, and K030 represent a single waste treatability group, as discussed

in Section 2.0. The determination of the waste treatability group is based on

the similarity in composition of the untreated wastes, the fact that all of

these wastes are generated by the organic chemicals industry, and the Agency's

belief that constituents present in these wastes can be treated to similar

concentrations using the same technology.

Where treatment data are available from treatment of K019 for a

regulated constituent in K016, K018, K020, and K030, the data were transferred

to that constituent to calculate the treatment standard for each waste code.

For eKample, 1,1-dichloroethane was selected for regulation in K018.
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1,1-Dichloroethane was detected in the untreated K019 at a concentration of

2,200 ppm and was treated to not detect values in the treatment residual (kiln

ash residue) from treatment of K019 at plant A. Treatment data (in this case,

not detect values) for 1,1-dichloroethane from K019 were transferred to

1,1-dichloroethane in K018 to calculate the treatment standard. 1,1-Dichloro

ethane was not selected for regulation in K019, however, because it was found

in lower concentrations in the untreated K019 waste compared with concentra

tions of other constituents that were selected for regUlation and because it

is believed to be adequately controlled by incineration of other constituents

that were selected for regulation. Treatment performance data were trans

ferred in this way for most organic constituents in K016, K018, K020, and

K030.

Treatment performance data were not available from treatment of K019

at plant A for some regulated organic constituents in K016, K018, K020, and

K030. This is because the constituents selected for regulation for each waste

code are based on available waste characterization data. Not all regulated

constituents in K016, K018, K020, and K030 were detected in the K019 treated

at plant A. The Agency believes that it would be inappropriate to base

treatment standards on not detect values in the treatment residual of K019 if

the constituent was not detected in the untreated K019. In such cases, data

were transferred to that organic constituent from another organic constituent

that was detected in the untreated K019 based on the boiling points of the

constituents. (Boiling point is a waste characteristic that affects the

performance of rotary kiln incineration as discussed in Section 3.4. Appendix

E presents information on waste characteristics that affect performance.) The
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constituent with the same or the closest higher boiling point for which the

Agency had treatment performance data from K019 at plant A was selected for

transfer of data. Cases where such a transfer of data occurred are summarized

below and are noted on Tables 7-2, 7-3, 7-5, and 7-6, which show the calcu

lations of the treatment standards for K016, K018, K020, and K030,

respectively.

12. Chloroethane (K018). The treatment standard for chloroethane

(bp 120 C) in K018 is based on data transferred from treatment of chloroform

(bp 61 0 C) in K019. Based on the discussion of waste characteristics affecting

treatment performance of rotary kiln incineration in Section 3.4, the Agency

expects that chloroethane can be treated to concentration levels as low or

lower than chloroform.

41. 1,1,2,2-Tetrachloroethane (K020). The treatment standard for

1,1,2,2-tetrachloroethane (bp 1470 C) in K020 is based on data transferred from

treatment of bis(2-chloroethyl)ether (bp 178°C) in K019. Based on the discus

sion of waste characteristics affecting treatment performance of rotary kiln

incineration in Section 3.4, the Agency expects that 1,1,2,2-tetrachloroethane

can be treated to concentration levels as low or lower than bis(2-chloro

ethyl)ether.

111. Hexachlorobutadiene (K016, K018, K030). The treatment stan

dard for hexachlorobutadiene (bp 21SoC) in K016, K018, and K030 is based on

data transferred from treatment of naphthalene (bp 218°C) in K019. Based on
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the discussion of waste characteristics affecting treatment performance of

rotary kiln incineration in Section 3.4, the Agency expects that hexachloro

butadiene can be treated to concentration levels as low or lower than

naphthalene.

112. Hexachlorocyclopentadiene (K016). The treatment standard for

hexachlorocyclopentadiene (bp 234°C) in K016 is based on data transferred from

treatment of phenanthrene (bp 3400 C) in K019. Based on the discussion of

waste characteristics affecting treatment performance of rotary kiln inciner

ation in Section 3.4, the Agency expects that hexachlorocyclopentadiene can be

treated to concentration levels as low or lower than phenanthrene.

115. Hexachloropropene (K030). The treatment standard for hexa

chloropropene (bp 2090 C) in K030 is based on data transferred from treatment

of 1,2,4-trichlorobenzene (bp 2130 C) in K019. Based on the discussion of

waste characteristics affecting treatment performance of rotary kiln incinera

tion in Section 3.4, the Agency expects that hexachloropropene can be-treated

to concentration levels as low or lower than 1,2,4-trichlorobenzene.

137. Pentachloroethane (K018, K030). The treatment standard for

pentachloroethane (bp 161 0 C) in K018 and K030 is based on data transferred

from treatment of bis{2-chloroethyl)ether (bp 1780 C) in K019. Based on the

discussion of waste characteristics affecting treatment performance of rotary

kiln incineration in Section 3.4, the Agency expects that pentachloroethane
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can be treated to concentration levels as low or lower than bis(2-chloro

ethyl)ether.

7.2 Calculation of Treatment Standards for Wastewater Forms of K016,

K018, K019. K020, and K030

The treatment standards for wastewater forms of K019 were calculated

using six data sets from rotary kiln incineration of K019. Table 7-7 presents

the concentration values for organic constituents in the treatment residual

(scrubber water) resulting from rotary kiln incineration of K019 at plant A.

Values are presented for constituents (detected in the untreated K019) that

were used in development of treatment standards for K016, K018, K019, K020,

and K030 wastewaters. The concentration data presented in Table 7-7 have been

corrected to account for analytical recovery as described in Section 5.0.

Wastewater treatment standards were calculated for each regulated

constituent for K019 as shown in Table 7-10. The following three steps were

used to calculate the treatment standards: (1) The arithmetic average of the

corrected treatment values for each regulated constituent was calculated using

the six data points presented in Table 7-7. (2) Using these same data, a

variability factor was calculated that represents the variability inherent in'

the performance of the treatment system, collection of treated samples, and

analysis of samples. Where concentrations in the treated waste were reported
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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 concentrations could

range from 0 to the detection limit. In these cases, the Agency assumed a

lognormal distribution of data points between the detection limit and a value

1/10 of the detection limit and calculated a variability factor of 2.8.

(3) The treatment standard for each regulated constituent was calculated by

multiplying the arithmetic average of the corrected treatment values by the

variability factor. The analytical methods upon which the treatment standards

for K019 are based are included in Table 7-10. A detailed discussion of these

analytical methods is presented in Appendix 0 (Analytical QA/QC).

K016, KOla, K020, and K030

Treatment performance data from rotary kiln incineration of K016,

KOla, K020, and K030 are not available. Therefore, the Agency is transferring

data from the treatment of K019 at plant A to K016, K018, K020, and K030. The

calculations of treatment standards for K016, KOla, K020, and K030 are pre

sented in Tables 7-a, 7-9, 1-11, and 1-12, respectively. The transfer of

treatment data is supported by the determination that K016, KOla, K019, K020,

and K030 represent a single waste treatability group, as discussed in Section

2.0. The determination of the waste treatability group is based on the

similarity in composition of the untreated wastes, the fact that all of these

wastes are generated by the organic chemicals industry, and the Agency's

belief that constituents present in these wastes can be treated to similar

concentrations using the same technology.
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Where treatment data are available from treatment of K019 for a

regulated constituent in K016, KOla, K020, and K030, the data were transferred

to that constituent to calculate the treatment standard for each waste code.

For example, l,l-dichloroethane was selected for regulation in KOla.

l,l-Dichloroethane was detected in the untreated K019 at a concentration of

2,200 ppm and was treated to not detect values in the treatment residual

(combustion gas scrubber water) from treatment of K019 at plant A. Treatment

data (in this case: not detect values) for l,l-dichloroethane from K019 were

transferred to l,l-dichloroethane in KOla to calculate the treatment standard.

l,l-Dichloroethane was not selected for regulation in K019, however, because

it was found in lower concentrations in the untreated K019 waste compared with

concentrations of other constituents that were selected for regulation and

because it is believed to be adequately controlled by incineration of other

constituents that were selected for regulation. Treatment performance data

were transferred in this way for most organic constituents in K016, KOla,

K020, and K030.

Treatment performance data were not available from treatment of K019

at plant A for some regulated organic constituents in K016, KOla, K020, and

K030. This is because the constituents selected for regulation for each waste

code are based on available waste characterization data. Not all regulated

constituents in K016, KOla, K020, and K030 were detected in the K019 treated

at plant A. The Agency believes that it would be inappropriate to base

treatment standards on not detect values in the treatment residual of K019 if

the constituent was not detected in the untreated K019. In such cases, data
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were transferred to that organic constituent from another organic constituent

that was detected in the untreated K019 based on the bond dissociation energy

of the constituents. (Bond dissociation energy (BDE) is a waste character

istic that affects the performance of rotary kiln incineration as discussed in

Section 3.4.) The constituent with the same or the closest higher bond

dissociation energy for which the Agency had treatment data from K019 at plant

A was selected for transfer of data. Cases where such a transfer of data

occurred are summarized below and are noted on Tables 7-8, 7-9, 7-11, and

7-12, which show the calculations of the treatment standards for K016, K018,

K020, and K030, respectively.

12. Chloroethane (K018). The treatment standard for chloroethane

(BDE 665 kcal/mol) in K018 is based on data transferred from treatment of

bis(2-chloroethyl)ether (BDE 1,290 kcal/mol) in K019. Based on the discussion

of waste characteristics affecting treatment performance of rotary kiln

incineration in Section 3.4, the Agency expects that chloroethane can be

treated to concentration levels as low or lower than bis(2-chloroethyl)ether.

15. Chloromethane (K018). The treatment standard for chloromethane

(BDE 380 kcal/mol) in K018 is based on data transferred from treatment of

tetrachloroethene (BDE 461 kcal/mol) in K019. Based on the discussion of

waste characteristics affecting treatment performance of rotary kiln incinera

tion in Section 3.4, the Agency expects that chloromethane can be treated to

concentration levels as low or lower than tetrachloroethene.
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41. 1,1,2,2-Tetrachloroethane (K020). The treatment standard for

1,1,2,2-tetrachloroethane (BDE 605 kcal/mol) in K020 is based on data trans

ferred from treatment of 1,1,1-trichloroethane (BDE 625 kcal/mol) in K019.

Based on the discussion of waste characteristics affecting treatment per

formance of rotary kiln incineration in Section 3.4, the Agency expects that

1,1,2,2-tetrachloroethane can be treated to concentration levels as low or

lower than 1,1,1-trichloroethane.

87. o-Dichlorobenzene (K030). The treatment standard for o-dichlo

robenzene (BDE 1,325 kcal/mol) in K030 is based on data transferred from

treatment of p-dichlorobenzene (BDE 1,325 kcal/mol) in K019. Based on the

discussion of waste characteristics affecting treatment performance of rotary

kiln incineration in Section 3.4, the Agency expects that o-dichlorobenzene

can be treated to concentration levels as low or lower than p-dichlorobenzene.

111. Hexachlorobutadiene (K016, K018, K030). The treatment stan

dard for hexachlorobutadiene (BCE 853 kcal/mol) in K016, K01a, and K030 is

based on data transferred from treatment of bis(2-chloroethyl)ether (BDE 1,290

kcal/mol) in K019. Based on the discussion of waste characteristics affecting

treatment performance of rotary kiln incineration in Section 3.4, the Agency

expects that hexachlorobutadiene can be treated to concentration levels as low

or lower than bis(2-chloroethyl)ether.

112. Hexachlorocyclopentadiene (K016). The treatment standard for

hexachlorocyclopentadiene (BDE 1,020 kcal/mol) in K016 is based on data
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transferred from treatment of bis(2-chloroethyl)ether (BDE 1,290 kcal/mol) in

K019. Based on the discussion of waste characteristics affecting treatment

performance of rotary kiln incineration in Section 3.4, the Agency expects

that hexachlorocyclopentadiene can be treated to concentration levels as low

or lower than bis(2-chloroethyl)ether.

137. Pentachloroethane (K018, K030). The treatment standard for

pentachloroethane (BDE 585 kcal/mol) in K018 and K030 is based on data trans

ferred from treatment of 1,1,1-trichloroethane (BDE 625 kcal/mol) in K019.

Based on the discussion of waste characteristics affecting treatment per

formance of rotary kiln incineration in Section 3.4, the Agency expects that

pentachloroethane can be treated to concentration levels as low or lower than

1,1,1-trichloroethane.
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Table 7-1

CORRECTED TOTAL CONCENTRATION DATA
FOR ORGANICS IN ROTARY KILN INCINERATOR ASH FROM TREATMENT OF K019

Constituent·

Volatiles

Corrected Concentrations··
in the Treated Waste, ppm
234 5 6

9. Chlorobenzene
14. Chloroform
22. 1,1-Dichloroethane
23. 1,2-Dichloroethane
42. Tetrachloroethene
45. 1,1,1-Trichloroethane

Semivolatiles

2.02 2.02 2.02 2.02 2.02 2.02
2.13 2.13 2.13 2.13 2.13 2. 13
2.13 2.13 2.13 2.13 2.13 2.13
2.13 2.13 2.13 2.13 2.13 2.13
2.13 2.13 2.13 2.13 2.13 2. 13
2.13 2.13 2.13 2.13 2.13 2.13

68. Bis(2-chloroethyl)ether 2.00 2.00 2.00 2.00 2.00 2.00
110. Hexachlorobenzene 10 10 10 10 10 10
113 . Hexachloroethane 10 10 10 10 10 10
12" Naphthalene 2.00 2.00 2.00 2.00 2.00 2.00
136. Pentachlorobenzene 10 10 10 10 10 10
14" Phenanthrene 2.00 2.00 2.00 2.00 2.00 2.00
148. 1,2,4,5-Tetrachlorobenzene 5.00 5.00 5.00 5.00 5.00 5.00
150. 1,2,4-Trichlorobenzene 6.67 6.67 6.67 6.67 6.67 6.67

·Constituents present in untreated K019 •

••Constituent concentrations have been adjusted to account for analytical
recoveries ("corrected") as discussed in Sectior:t. 5.0.
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Table 1-2

CALCULATION OF NONWASTEWATER TREATMENT STANDARDS FOR K016

Arithmetic
Average of
Corrected Treatment

K019 Constituent Untreated Treatment Var iabi li ty Standard--
Regulated Constituent , From Which Treatment Concentration- Values-· Factor (Average x VF)

(SW-846 jtethod Number) Data Were Transferred (ppm) (ppm) (VF) (ppm)

Volatiles (82110)
(Total Concentration)

112. Tetrachloroethene Tetrachloroethene 6.00-18,000 2.13 2.8 6.0

..... Semivolatiles (8210)
I (Total Concentration)I-'

.j:"-

110. Hexachlorobenzene Hexachlorobenzene 60-81 10 2.8 28
111. Hexachlorobutadiene Naphthalene 3111-1110 2.00 2.8 5.6
112. Hexachlorocyclopenta- Phenanthrene 11-21 2.00 2.8 5.6

diene
113. Hexachloroethane Hexachloroethane 85-120 10 2.8 28

' For detailed discussion of the analytical methods upon which these treatment standards are based, see
Appendix D (QA/QC section).

-This is the untreated concentration in K019 of each constituent from which treatment data were
transferred.

--The values shown on this table for arithmetic averages and treatment standards have been rounded to show
significant figures only.



Table 7-3

CALCULATION OF NONWASTEWATER TREATMENT STANDARDS FOR K018

Arithmetic
Average of
Corrected Treatment

K019 Constituent Untreated Treatment Var iabi li ty Standard--
Regulated Constituent From Which Treatment Concentration· Values·- Factor (Average x VF)

(SW-846 Method Number) 1 Data Were Transferred (ppm) (ppm) (VF) (ppm)

Volatiles (82110)
(Total Concentration)

12. Chloroethane Chloroform 11,600-6,000 2.13 2.8 6.0
22. 1,1-Dichloroethane 1,1-Dichloroethane <2,000-2,200 2.13 2.8 6.0

-.J 23. 1,2-Dichloroethane l,2-Dichloroethane 87,000-122,000 2.13 2.8 6.0
I 115. 1,l,'-Trichloroethane l,',l-Trichloroethane 2,200-3,210 2.13 2.8 6.0I-'

VI

Semivolatiles (8270)
(Total Concentration)

110. Hexachlorobenzene Hexachlorobenzene 60-87 10 2.8 28
111. Hexachlorobutadiene Naphthalene 3111-1170 2.00 2.8 5.6
113. Hexachloroethane Hexachloroethane 85-120 10 2.8 28
137. Pentachloroethane 8is(2-chloroethyl)ether 280-3110 2.00 2.8 5.6

'For detailed discussion of the analytical methods upon which these treatment standards are based, see
Appendix D (QA/QC section).

-This is the untreated concentration in K019 of each constituent from which treatment data were
transferred .

••The values shown on this table for arithmetic averages and treatment standards have been rounded to show
significant figures only.



Table 7-~

CALCULATION OF NONWASTEWATER TREATMENT STANDARDS FOR K019

Regulated Constituent 1
(SW-8~6 Method Number)

Volatiles (82~0)

(Total Concentration)

Untreated
K019

at Plant A
(ppm)

Arithmetic
Average of
Corrected
Treatment
Values··

(ppm)

Var iabU i ty
Factor

(VF)

Treatment
Standard"

(Average x VF)
(PPm)

~

I
I-'
(J\

9. Chlorobenzene
1~. Chloroform
23. 1,2-Dichloroethane
~2. Tetrachloroethene
~5. 1,1,1-Trichloroethane

Semivolatiles (8270)
(Total Concentration)

68. 8is(2-chloroethyl)ether
113. Hexachloroethane
121. Naphthalene
1~1. Phenanthrene
150. 1,2,~-Trichlorobenzene

<2000-3000 2.02 2.8 6.0
~600-60oo 2.13 2.8 6.0

87000-122000 2. 13 2.8 6.0
6000-78000 2.13 2.8 6.0
2200-3210 2. 13 2.8 6.0

280-3~0 2.00 2.8 5.6
85-120 10 2.8 28
31~-~70 2.00 2.8 5.6

11-21 2.00 2.8 5.6
65-100 6.67 2.8 19

-Concentration values for the untreated waste have not been corrected for recovery.

' for detailed discussion of the analytical methods upon which these treatment standards are based, see
Appendix D (QA/QC section).

--The values shown on this table for arithmetic averages and treatment standar'ds have been rounded to show
significant figures only.



Table 7-5

CALCULATION OF NONWASTEWATER TREATMENT STANDARDS FOR K020

.....
I...........

Regulated ~nstituent,

(SW-8J&6 Method Number)

Volatiles (82l10)
(Total Concentration)

23. 1,2-Dichloroethane
lI1. 1,1,2,2-Tetrachlo

roethane
lI2. Tetrachloroethene

Semivolatiles (8270)
(Total Concentration)

1019 Constituent
From Which Treatment
Data Were Transferred

l,2-Dichloroethane
8is(2-chloroethyl)

ether
Tetrachloroethene

Untreated
Concentration

(ppm)

87,000-122,000
280-3l10

6,000-78,000

Arithmetic
Average of
Corrected
Treatment

Values-
(ppm)

2.13
2.00

2.13

Variability
Factor

(VF)

2.8
2.8

2.8

Treatment
Standard-

(Average x VF)
(ppm)

6.0
5.6

6.0

No semivolatile organics are being proposed for regulation for this waste code.

' For detailed discussion of the analytical methods upon which these treatment standards are based, see
Appendix D (QA/QC section).

- This is the untreated concentration in K019 of each constituent from which treatment data were
transferred.

--The values shown on this table for arithmetic averages and treatment standards have been rounded to show
significant figures only.



Table 7-6

CALCULATION OF NONWASTEWATER TREATMENT STANDARDS FOR K030

......
I....

00

Regulated Constituent
1(SW-8Jt6 Method Number)

Volatiles (821&0)
(Total Concentration)

1&2. Tetrachloroethene

Semi volatiles (8270)
(Total Concentration)

K019 Constituent
From Which Treatment
Data Were Transferred

Tetrachloroethene

Untreated
Concentration

(ppm)

6,000-78,000

Arithmetic
Average of
Corrected
Treatment
Values-

(ppm)

2.13

Var lability
Factor

(VF)

2.8

Treatment
Standard-

(Average x VF)
(ppm)

6.0

Naphthalene 311&-1&70 2.00 2.8 5.6
Hexachloroethane 85-120 10 2.8 28
1.2.1&-Trichlorobenzene 65-100 6.67 2.8 19
Pentachlorobenzene 51-65 10 2.8 28
Bis(2-chloroethyl)ether 280-31&0 2.00 2.8 5.6
1.2,1&,5-Tetrachloro- 62-86 5.00 2.8 111

benzene
1,2.1&-Trichlorobenzene 65-100 6.67 2.8 19

111. Hexachlorobutadiene
113. Hexachloroethane
115. Hexachlor9propene
136. Pentachloroben~ene

137. Pentachloroethane
11&8. 1,2,1&,5-Tetrachlo-

robenzene
150. 1,2,1&-Trichloro

benzene

1For detailed discussion of the analytical methods upon which these treatment standards are based, see
Appendix D (QA/QC section).

- This is the untreated concentration in K019 of each constituent from which treatment data were
transferred.

--The values shown on this table for arithmetic averages and treatment standards have been rounded to show
significant figures only.



Table 7-7

CORRECTED TOTAL COMPOSITION DATA FOR ORGANICS
IN ROTARY KILN SCRUBBER WATER FROM TREATMENT OF K019

Corrected Concentration in
the Treated Waste, ppm

Constituent·
2 3 4 5 6

Volatiles

9. Chlorobenzene 0.002 0.002 0.002 0.002 0.002 0.002
14. Chloroform 0.003 0.003 0.003 0.003 0.003 0.003
22. 1,1-Dichloroethane 0.003 0.003 0.003 0.003 0.003 0.003
23. 1,2-Dichloroethane 0.003 0.003 0.003 0.003 0.003 0.003
42. Tetrachloroethene 0.003 0.003 0.003 0.003 0.003 0.003
45. 1,1,1-Trichloroethane 0.003 0.003 0.003 0.003 0.003 0.003

Semivolatiles

68. 8is(2-chloroethyl)ether 0.002 0.002 0.002 0.002 0.002 0.002
88. p-Dichlorobenzene 0.003 0.003 0.003 0.003 0.003 0.003

109. Fluorene 0.002 0.002 0.002 0.002 0.002 0.002
110. Hexachlorobenzene 0.012 0.012 0.012 0.012 0.012 0.012
113. Hexachloroethane 0.012 0.012 0.012 0.012 0.012 0.012
121- Naphthalene 0.002 0.002 0.002 0.002 0.002 0.002
141- Phenanthrene 0.002 0.002 0.002 0.002 0.002 0.002
148. 1,2,4,5-Tetrachlorobenzene 0.006 0.006 0.006 0.006 0.006 0.006
150 . 1,2,4-Trichlorobenzene 0.008 0.008 0.008 0.008 0.008 0.008

•Constituents proposed for regulation and present in untreated K019.
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Table 1-8

CALCULATION OF WASTEWATER TREATMENT STANDARDS FOR K016

Arithmetic
Average of
Corrected Treatment

K019 Constituent From Untreated Treatment Variability Standard--
Regulated Constituent

1
Which Treatment Data Concentration- Values-- Factor (Average

(SW-846 Method Number) jlere 1'ransferreg
- - (PPII\) - (ppm) (VF) x VF)(ppm)

Volatiles (8240)
(Total Concentration)

42. Tetrachloroethene Tetrachloroethene 6,000-18,000 0.003 2.8 0.001

...... Semivolatiles (8210)
I (Total ConcentrationN

0

110. Hexachlorobenzene Hexachlorobenzene 60-87 0.012 2.8 0.033
111- Hexachlorobutadiene Bis(2-chloroethyl)ether 280-340 0.002 2.8 0.007
112. Hexachlorocyclopentadiene Bis(2-chloroethyl)ether 280-340 0.002 2.8 0.007
113. Hexachloroethane Hexachloroethane 85-120 0.012 2.8 0.033

For detailed discussion of the analytical methods upon which these treatment standards are based, see
Appendix D (QA/QC section).

-This is the untreated concentration in K019 of each constituent from which treatment data were transferred.

--The values shown on this table for arithmetic averages and treatment standards have been rounded to show
significant figures only.



Table 7-9

CALCULATION OF WASTEWATER TREATMENT STANDARDS FOR K018

Arithmetic
Average of
Corrected Treatment

K019 Constituent From Untreated Treatment Variability Standard"
Regulated Constituent Which Treatment Data Concentration' Values" Factor (Average

(SW-846 Method Number~ Were Transferred (ppm) (ppm)
--

_ (VF) )( VF)(ppm)

Volatiles (8240)
(Total Concentration)

12. Chloroethane Bis(2-chloroethyl)ether 280-340 0.002 2.8 0.001
15. Chloromethane Tetrachloroethene 6,000-18,000 0.003 2.8 0.001
22. 1,1-Dichloroethane 1,1-Dichloroethane <2,000-2,200 0.003 2.8 0.007
23. 1,2-Dichloroethane 1,2-Dichloroethane 87,000-122,000 0.003 2.8 0.001
45. 1,1,1-Trichloroethane 1,1,1-Trichloroethane 2,200-3,210 0.003 2.8 0.007

......
I

N 5emivolatiles (8210)I-'

(Total Concentration)

110. Hexachlorobenzene Hexachlorobenzene 60-81 0.012 2.8 0.033
111. Hexachlorobutadiene Bis(2-chloroethyl)ether 280-3,400 0.002 2.8 0.007
131.. Pentachloroethane 1,1,1-Trichloroethane 2,200-3,210 0.003 2.8 0.007

1For detailed discussion of the analytical methods upon which these treatment standards are based, see
AppendiX D (QA/QC section).

'This is the untreated concentration in K019 of each constituent from which treatment data were
transferred.

"The values shown on this table for arithmetic averages and treatment standards have been rounded to show
significant figures only.



Table 1-10

CALCULATION OF WASTEWATER TREATMENT STANDARDS FOR K019

<2.000-3.000 0.002 2.8 0.006
~.600-6.0QO 0.003 2.8 0.007

81.000-122.000 0.003 2.8 0.001
6,000-18.000 0.003 2.8 0.001
2.200-3,210 0.003 2.8 0.001

280-3~0 0.002 2.8 0.001
1~-90 0.003 2.8 0.008
16-22 0.002 2.8 0.001
85-120 0.012 2.8 0.033
31~-~10 0.002 2.8 0.001

11-21 0.002 2.8 0.007
62-86 0.006 2.8 0.011
65-100 0.008 2.8 0.023

......
I

N
N

Regulated Constituent
1

(SW-8~6 Method Number)

Volatiles (82~O)

(Total Concentration)
9. Chlorobenzene

1~ . Chloroform
23. 1.2-Dichloroethane
~2. Tetrachloroethene
~5. 1, 1, l-Trichloroethane

Semivolatiles (8210)
Total Concentration
68. 8is(2-chloroethyl)ether
88. p-Dichlorobenzene

109. Fluorene
113. Hexachloroethane
121. Naphthalene
1~1 •. Phenanthrene
1~8. 1.2.~,5-Tetrachlorobenzene

150. 1.2,~-Trichlorobenzene

Untreated K019
~t Plant A· (ppm)

Arithmetic
Average of
Corrected
Treatment

Values··
(ppm)

Variability
Factor

(VF)

Treatment
Standard··

(Average
x VF)(ppm)

For detailed discussion of the analytical methods upon which these treatment standards are based. see
Appendix D (QA/QC section) .

• Concentration values for the untreated waste have not been corrected for recovery .

••The values shown on this table for arithmetic averages and treatment standards have been rounded to show
significant figures only.



Table 7-11

CALCULATION OF WASTEWATER TREATMENT STANDARDS FOR K020

Regulated Constituent
1(SW-846 Method Number)

Volatiles (8240)
(Total Concentration)

K019 Constituent From
Which Treatment Data

Were Transferred

Untreated
Concentration

(ppm)

Arithmetic
Average of
Corrected
Treatment
Values-

(ppm)

Variabil i ty
Factor

(VF)

Treatment
Standard-

(Average
x VF)(ppm)

23.
41.
42.

1,2-Dichloroethane
1,1,2,2-Tetrachloroethane
Tetrachloroethene

1,2-Dichloroethane
1,1,1-Trichloroethane
Tetrachloroethene

87,000-122,000
2,200-3,210
6,000-78,000

0.003
0.003
0.003

2.8
2.8
2.8

0.007
0.007
0.007

......
I

IV
\.oJ

Semivolatiles (8270)
Total Concentrations

No semivolatile organics are being regulated for this waste code.

1For detailed discussion of the analytical methods upon which these treatment standards are based, see
Appendix D (QA/QC section).

-This is the untreated concentration in K019 of each constituent from which treatment data were transferred .

• ·The values shown on this table for arithmetic averages and treatment standards have been rounded to show
significant figures only.



Table 7-12

CALCULATION OF WASTEWATER TREATMENT STANDARDS FOR K030

Regulated Constituent
1

(SW-8~6 Method Number)

Volatiles (82~0)

(Total Concentration)

~2. Tetrachloroethene

K019 Constituent From
Which Treatment Data

Were Transferred

Tetrachloroethene

Untreated
Concentration

(ppm)

6 ,000-78 , 000

Arithmetic
Average of
Corrected
Treatment

Values-
(ppm)

0.003

Variabil ity
Factor

(VF)

2.8

Treatment
Standard-

( Average
x VF)(ppm)

0.007

Semivolatiles (8270)
(Total Concentration)

......
I

N
~

87.
88.

111.
113.
137.
1~8.

150.

o-Dichlorobenzene
p-Dichlorobenzene
Hexachlorobutadiene
Hexachloroethane
Pentachloroethane
1121~,5-Tetrachlorobenzene

112,~-Trlchlorobenzene

p-Dichlorobenzene
p-Dichlorobenzene
Bis(2-chloroethyl)ether
Hexachloroethane
1, 1, 1-Trichloroethane
1121~,5-Tetrachlorobenzene
112,~-Trichlorobenzene

7~-90

7~-90

280-3~0

85-120
2, 200-3 , 210

62-86
65-100

0.003
0.003
0.002
0.012
0.003
0.006
0.008

2.8
2.8
2.8
2.8
2.8
2.8
2.8

0.008
0.008
0.007
0.033
0.007
0.017
0.023

1For detailed discussion of the analytical methods upon which these treatment standards are based, see
Appendix D (QA/QC section).

-This is the untreated concentration in K019 of each constituent from which treatment data were
transferred.

--The values shown on this table for arithmetic averages and treatment standards have been rounded to show
significant figures only.
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APPENDIX A

A.1 F Value Determination for ANOVA Test

As noted earlier in Section 1.0, EPA is using the statistical method

known as analisis 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. If the differences are not statistically

significant, the data sets are said to be homogeneous.

If 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.

If EPA found that one technology performs significantly better (i.e., the

data sets are not homogeneous), BOAT 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

"critical value.- (See Table A-i.) These critical values are available

in most statistics texts (see, for example, Statistical CgnceDts and

Methods by Bhattacharyya and Johnson, 1977, John Wiley Publications. New

York).

Where the F value is less than the critical value, all treatment data

sets are homogeneous. If the F value exceeds the critical value, it is
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necessary to perform a ~pair wise F~ test to determine if any of the sets

are homogeneous. The "pair wise F" 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) All data are natural logtransformed.

The sum of the data points for each data set is computed (T,).,
The statistical parameter known as the sum of the squares

between data sets (SSB) is computed:

where:

k • number of treatment technologies
ni • number of data points for technology i
N • number of data points for all technologies
Ti • sum of natural logtransformed data points for each technology.

(iv) The sum of the squares within data sets (SSW) is computed:

SSW _ [J .r1
x2i ,j ] _.~ [T i2l

1-1 J-l ,-1 ni
where:

x· . - t~e natural logtransformed observations (j) for treatment1, J
technology (i).

(v) The degrees of freedom corresponding to SSB and SSW are

calculated. For SSB. the degree of freedom is given by k-l. For SSW,

the degree of freedom is given by N-k.
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(vi) Using the above parameters, the F value is calculated as

follows:

MSB
F :II MSW

where:

MSB :II SSB/(k-l) and
MSW:II 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-l SSB MSB .. SSB/k-l MSB/MSW
With in 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.
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Table A-I

F Distribution at the 9S Percent Confidence Level

~o '"

D,"o""""01
419"" 01 Num"'lor 4tqtlft 01 "..cIom
'"lGom 2 3 • 5 I 7 I ,

I 111. ," 5 215 7 2241 .2302 23'0 231.8 2319 210 5
2 1151 "00 "'l " 25 19.30 19.33 ",35 19 37 " 38
3 1013 955 921 9.12 9.01 U4 1.89 1.85 eal
4 771 194 159 139 121 1.11 1.09 I.~ 600

5 leI 579 5.41 5.19 505 495 '81 '82 '77
I 599 5.1' .71 .53 • 39 '21 • 21 415 410
7 559 .7. '35 "2 397 3.17 3.79 3.73 35.
I 532 4 ~I '07 3.8' 3.1, 3.58 3.50 3." 339
9 5.12 421 UI 3.13 3.11 3.37 3.29 3.23 318

10 '91 "0 3.71 3.11 3.33 3.22 3.11 3.07 3.02
11 .81 391 359 :UI 3.20 3.a! 3.01 1.95 2.90
12 .75 389 319 3.21 3.11 3.00 2.91 2.85 2.80
13 '67 381 3" 3.11· 3.03 2.92 2.13 2.77 2.71

" '10 371 331 3.11 2.9. 2.15 2.71 2.70 US

15 454 3.18 329 301 2.90 2." 2.71 2.14 25'
'I .., 313 324 301 2.15 2.71 2.11 2.59 2.51
H 445 359 3.20 291 2.11 2.70 2.11 2.55 :24'
'8 .41 355 J.lI 2." 2.77 U. U. 2.51 2.'1

"
• J8 H2 3.13 290 2.71 2.13 UI 2.11 2.42

20 '35 3" 310 2.17 2.71 2.10 2.51 2.45 239
21 '32 317 301 2.11 2.1. U7 2.1, 2.12 237
22 '30 3" 3 05 282 2.16 2.55 2." 2.40 234
23 121 3.12 303 2.80 UI 1.53 2." 2.37 2.12
21 42. 3.10 301 2.71 2.12 H1 2.'2 2.3. 2.30

25 124 3.39 299 271 260 21' 2.10 2.31 2,28
2. 123 3.37 298 2.71 25' 2.47 2.3' 2.32 2.27
27 121 335 291 2.73 2.57 2." 2.37 231 2.25
2. ":0 3.3' 295 2.71 251 2.45 2.3. 2.2' 2.2'
2' II' 133 2.93 2.70 US 2.13 2.35 2.2. 2.21

30 117 3.32 292 2.1, U3 2.42 2.33 2.27 2.21
'0 '01 3.23 2.81 2.11 2.45 2.31 2.25 2.1' 2.12
10 '00 3.15 2.71 2.53 2.17 U5 2.17 2.10 2.01

120 392 3.07 2.81 2.45 2.2' 2.17 2.0' 2.02 191
a:I 3.... 3.00 2.10 2.37 2.21 2.10 2.01 1M 181
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Ell~l. 1
MetMyl.n. CMlorida

Influent
(~g/ 1)

Stea", str'pplng
Efflu.nt

(l'9/1)

In(effluent) [In(effluent)]2 Influent
(~g/1)

BiologIcal treatment
Effluent In(.ffluent)

("g/1)
[In(effluent)] Z

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 5.29
5100.00 12.00 2.48 6.15 1640.00 26.00 3.26 10,63

1450.00 10.00 2.30 5.29 3907.00 10.00 2.30 5.29
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 5.29

SUllI : •
23.18 53.76 12.46 31. 79

~~1. S'Z.:
10 10 10 5 5 5

"'ean:
3669 10.2 2.32 2378 13.2 2.49

StanGird DeYlatl0n:
3328.67 .63 .06 923.~ 7.15 .43

VarIabIlIty Factor:
1.15 2.48

sse • [ ,!, [;;:1].[~:J 1
ssw. [ i~l ji: 112'.j] -i!l (~]
"'S8 • SSS/(k.-l)

"'SW • SSW/(N-.)
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Example 1 (contInued)

F • N5B/M5W

k • number of treatment technologIes

n • number of data points for tecnnology i
I

N • n~r of natural log transformed data poInts for all technologIes

T • sum of log transfOrmed data poInts for each technology,
x • the nat. log transfOnned observations (j) for treatment technology (i)

I J

2
n1 • 10. nZ • S. N • 15. k • Z. Tl • 23.18. TZ • 12.46. T • 35.64. T • lZ70.Z1

T~ • 537.31 T
Z Z155.25

SS8 .[ 537.31 +.:::..::]
10 5

lZ70.Z1

15
• 0.10

•

(

537.31 + 155.Z5JSSW • (53.76 + 31.79) .
10 5

N5B • 0.10/1 • 0.10

NSW • 0.77/13 • 0.06

• 0.77

F • 0.10

0.06
• 1.67

ANOVA fib Ie

Oe9r.., 0'
Sourci fr..aa.

81t.-.n(B) 1
WitI\In(W) 13

55

0.10
0.77

MS

0.10
O.OS

F

1. 67

The cr;tlcal vI1Ye 0' the F tett It the 0.05 signi'lclncl livil IS 4.67. Sinci
the F vI1Ye il 1.., t~ thl crItIcal vI1Ye, thl -.an, Ire not SIgnIficantly
dt'''....,t (1.1., thl, Ire "'-'9M1eOU,).

Not.: All calculltlons Wire roundld to t-o dlet.. l plac... ~llult' me, dl"lr
dependIng upon the n~r 0' OIen.. l pllc" ulld In ItCh stett of the calculltlons.
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Examole 2
TrIchloroethylene

Influent
(~I1)

Ste4m strIppIng
Effll.lent
(~/l)

In(ef'luent) (In(e'' luent)] Z Influent
(~/1)

Biologic41 tre4tment
Effluent In(effluent)

(/llil 1)
(In(effluen

1650.00 10.00 2.30 5.29 200.00 10.00 2.30 5.29
5200.00 10.00 2.30 5.29 224.00 10.00 2.30 5.29
5000.00 10.00 2.30 5.29 134.00 10.00 2.30 5.29
1720.00 10.00 2.30 5.29 150.00 10.00 2.30 5.29
L560.00 LO.OO 2.30 5.29 484.00 16.25 2.79 7.78

L0300.00 10.00 2.30 5.29 163.00 10.00 2.30 5.29
210.00 10.00 2.30 5.29 182.00 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 5.29

s~: •
26.14 72.92 16.59 39.52

SMIPle SIze:
10 10 10 7 7 7

Meln:
2760 19.2 2.61 220 10.89 2.37

Stlndard Devlltlon:
3209.6 23.7 .71 120.5 2.36 .19

VarIabIlity Factor:
3.70 1.53

AHOVA C.lcylationl:

SS8 · [ '~, [~1]-rL!dZ 1
ssw. [ i~l j!~ X

2,.J] -,11 (~]

MSB • S5B/(II.-1)

"'sw • SSW/IN-IL)
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Exampl. Z (contlnued)

F • ItSB/ltSW

.Ilere:

k • number of treatment technologIes

n • number of data poInts for technology I
I

N • number of data poInts for al1 technologies

T • s~ of natural log transfonntd dlta poInts for .ach technology
i

l • the natural log transfOrmed observations (j) for treatment technology (i)
; j

"1 • 10. "Z • 7. " • 17. k • Z. Tl • Z6.14. T
Z

• 16.59. T • 42.73. T
Z
• 1825.85. T~ • 683.30.

T~ • 275.Z3

SSB .(683.30 .

10

Z75.Z3 1. 1825.85

7 17
• 0.25

(
683.30 • 275.231ssw • (72.92 • 39.52) -

10 7

"58 • 0.25/1 • 0.25

MSW • 4.79/15 • 0.32

F • 0.25 • 0.78-0.32

•
• 4.79

Deg..... of
Sourc. fr~

ANOVA Tlbl.

SS F

Bet...,,(B)
Wlthln(W)

1
15

0.25
4.79

0.25
0.3Z

0.78

The crltic.l value of thl F test It thl 0.05 sign;flcanc. 1~.1 is 4.~. Since
the F value II In. than the critIcal value. thl ...n. are not Ilgnificantly
dtff.,..,.t (t .•.• the, ar. ~.).

Not.: All calculations were rounded to tllO dlel.l placn. Rnults lilly dlff.r
~ding upon thl n~r of dlei.1 placn used In each step of thl calculation•.
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EXlIIIDle 3
Cnlorob.nzene

Activated ]ludg, 'ollO!!d by carbon adsorPtion Biological treatment
Influent Effluent In(effluent) (In('ffluent)]2 Influ,nt Effluent
(I'g/1 ) (l'9/1 ) ("g/1 ) (l'9/1 )

In(effluent) In [( eff 1uent )J'

7200.00 80.00 4.38 19.18 9206.00
6500.00 70.00 4.25 18.08 16646.00
6075.00 35.00 3.56 12.67 49775.00
3040.00 10.00 2.30 5.29 14731.00

3159.00
6756.00
3040.00

1083.00
709.50
460.00
142.00
603.00
153.00
17.00

6.99
6.56
6.13
496
6.40
5.03
2.83

48.86
43.03
37. sa
24 50

:0.36

2S.3Q
a.Ol

5~:

14.49 55.20 38.90 228.34

54111Clle SIze: •
4 4 4 7 7

""an:
5703 49 3.62 14759 452.5 5.56

Standard DeviatIon:
1835.4 32.24 .95 16311. 86 379.04 1.42

VarIabilIty Factor:
7.00 15.79

SS8 • [ ,!, [;;: ] ]. [~'l
ssw· [ 1~1 Ji: X

2;.J] -t~l (~]
"SB • 55B/(Ir.-l)

MSW • SSW/(N-Ir.)

F • MSB/MSW
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Example 3 (continued).......
k • nUlDer of treatment technologIes
n. • n~r of ~ta poInts for technology I

1

H • n~r.of d4tl points for 111 technologies
T • sum of naturll log trlnsfonned dltl points for each technology

i

X • the natural log transfonned obslrvltions (j) for treltment technology (i)
1 j

H1 • 4, HZ· 7. II • 11. k • Z. T1 • 14.49. TZ • 38.90. T • 53.39. T
Z
• 2850.49, T~ • 209.96

T~ • 1513.21

5SB .[Z09~96 • 1513.21 ) _ 2BSO.49

7 11
• 9.52

SSW. (55.20 • Z28.34) • [ Zo:.96. 151:.21J

~5B • 9.52/1 • 9.52

~5W • 14.88/9 • 1.65

F • 9.52/1.65 • 5.77

•

• 14.88

MQVA T.bll

Dl9r... of
Sourei frHCD S5 F

Blt-..n(B) 1 9.53 9.53 5.77
WIUlIn(W) 9 14.89 1.65

The crlt;c.l v.lue of the F tlte .t the 0.05 Itl";ftc.ncl l~ll il 5.12. Sinci
the F v.lul II l.rger than the cr;tlc.l v.lue. the -..nl .rl 'Ignlf;cantly
differene (t .1 .• the1 .... hetlrogeneoul).

lIenl: All c.lcul.tionl were rounded to t1l!O c3ICIlIIl pl.clt. RilulU Illy differ dependIng
upan the n~ of die i.l PlICit used in e.eh It~ of the c.leu lat ionl.
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A.2. Variability Factor

~9~
VF • Mean

~here:

VF •

(99 •

Mean •

estimate of daily maximum variability factor determined from
a sample population of daily data.
Estimate of performance values for ~hich 99 percent of the
daily observations will be below. e99 is calculated using
the following equation: (99· Exp(y + 2.33 Sy) ~here y and
Sy are the mean and standard deviation, respectively, of the
10gtransformed 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 tddition, 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, ill the results from analysis of the residuals from

BOAT 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 esti.ate the variability factor of

the analytical results. Below is a description of EPA's approach for

calculating the variability factor for such cases with all concentrations

below the detection li.it.

It has been postulated as a general rule that a lognormal

distribution adequately describes the variation among concentrations.
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Agency data ihows that the treatment residual concentrations are

distributed approximately lognormal1y. 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 r~tio of the 99th

percentile (e
99

) of the lognormal distribution to its arithmetic mean

(Mean) .

VF • ~
Mean

( 1)

The relationship between the parameters of the lognormal distribution

and the parameters of the normal distr.ibution created by taking the

natural logarithms of the lognorma11y-distributed concentrations can be

found in most mathematical statistics texts (see for ex~le:

Distribution in Statistics-Volume 1 by Johnson and Kotz. 1970). The mean

of the lognormal distribution can be expressed in terms of the

mean (~) and standard deviation (a) of the normal distribution as

follows:

e99
Mean

• Exp (~+ 2.33a)
2• Exp (~+ .Sa)

(2)
(3)

Substituting (2) and (3) in (1) the variability factor can then be

expressed in tenDS of a as follows:

VF • Exp (2.33 a • 2.Sa ) (4)

For residuals with concentrations that are not all below thi

detection limit, the 99
th

percentile and the mean can be estimated from

the actual analytical data and accordingly, the variability factor (VF)
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Cin be estimated using equation (1). For residuals ~ith concentrations

that are belo~ the detection limit, the above equations can be used in

conjunction with the assumptions belo~ to develop a variability factor.

Step 1: The actual concentrations follow a lognormal distribution. The

upper 1imit (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 ~ithin one order of

magnitude.

Step 2: The natural logarithms of th\ concentrations have a normal

distribution ~ith an upper limit equal to ln (UL) and a lo~er limit equal

to ln (lL).

Step 3: The standard deviation (a) of the normal distribution is

approximated by

a • ((In (UL) - ln (ll)] / ((2){2.33)] • [In{UL/LL)] / 4.66

when LL • (O.l)(Ul) then a • (ln10) / 4.66 • 0.494

Step 4: Substitution of the value fr~ Step 3 in equation (4) yields the

variability factor, YF.

VF • 2.8

A-13





APPENDIX 8

MAJOR CONSTITUENT CALCULATION FOR K016, K018, K019, K020, AND K030

8.1 K016

From Table 2-4, major constituents in K016 are:

Average
Concentration

(ppm) -!....

42. Tetrachloroethene
110. Hexachlorobenzene
111. Hexachlorobutadiene
113. Hexachloroethane

85,150
21,050
59,250
30,000

8.6 (=9)
2.1 (=3)
5.9 (=6)
3.0

Other BOAT constituents in K016 are:

Average
Concentration

(ppm)

112. Hexachlorocyclopentadiene 6,215

Thus, the major constituents list for K016 is:

Constituent .L
42. Tetrachoroethene 9

110. Hexachlorobenzene 3
111- Hexachlorobutadiene 6
113. Hexachloroethane 3

Other BOAT Constituents 1
Other Constituents 18

100J

...L
0.63 (=1)

WAverage concentrations were calculated by averaging available data from all
sources. Where a concentration value was reported as less than a detection
limit, the detection limit was used in the calculation. Where concentrations
were reported as a range of values, the average over the range was used and
then averaged with other data.
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B.2 K018

From Table 2-5, major constituents in K018 are:

Average-
Concentration

(ppm) ...1...
12. Chloroethane 131,000 13.1 (= 13)
22. 1,1-Dichloroethane 356,800 35.6 (=36)
23. 1,2-Dichloroethane 50,000 5.0 ( =5)
46. 1,1,2-Trichloroethane 11,600 1.2 ( =1)

Other BOAT constituents in K018 are:

Average-
Concentration

(ppm)

15. Chloromethane • 8,300
45. 1, 1, 1-Trichloroethane 3,325

11O. Hexachlorobenzene 385
111. Hexachlorobutadiene 386
113. Hexachloroethane 381
137. Pentachlorethane 528

13,305 ppm ---> 1.3 (= 1.0%)

Thus, the major constituent list for K018 is:

Constituent ...!...
12. Chloroethane 13
22. 1,1-Dichloroethane 36
23. 1,2-Dichloroethane 5
46. 1,1,2-Trichloroethane 1

Other BOAT Constituents 1
Other Constituents 44

100J

-Average concentrations were calculated by averaging available data from all
sources. Where a concentration value was reported as less than a detection
limit, the detection limit was used in the calculation. Where concentrations
were reported as a range of values, the average over the range was used and
then averaged with other data.
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B.3 K019

The following major constituent list for K019 is from Reference
10: "Onsite Engineering Report of Treatment Technology Perfor
mance and Operation for Rollins Environmental Services (TX)
Inc., Deer Park, Texas".

Constituent -!-

23. 1,2-Dichloroethane
46. 1,1,2-Trichloroethane

Other BOAT constituents
Other Constituents
Water

B.4 K020

10
4
2

82
2

100J

From Table 2-1, major constituents in K020 are:

Average·
Concentration

(ppm) J...

23. 1,2-Dichloroethane
41. 1,1,2,2-Tetrachloroethane
42. Tetrachloroethene
46. . 1, 1, 2-Tr ichloroethane

••
••
••
••

••
••
••
••

Thus, the major constituent list for K020 is:

Constituent

23. 1,2-Dichloroethane
41. 1,1,2,2-Tetrachloroethane
46. 1,1,2-Trichloroethane
42. Tetrachloroethene

Other Constituents

••
••
••
••
••

100J

• Average concentrations were calculated by averaging available data from all
sources. Where a concentration value was reported as less than a detection
limit, the detection limit was used in the calculation. Where
concentrations were reported as a range of values, the average over the
range was used and then averaged with other data .

•• This information has been claimed as RCRA Confidential Business
Information. The information is available in the confidential portion of
the Administrative Record for this rulemaking.
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8.5 K030

From Table 2-8, major constituents in K030 are:

Average*
Concentration

(ppm) -1-

42. Tetrachloroethene
111. Hexachlorobutadiene
131. Pentachloroethane

**
**
**

**
**
**

Other BOAT Constituents in K030 are:

Average*
Concentration

(ppm)

81. o-Dichlorobenzene
88. p-Dichlorobenzene

112. Hexachlorocyclopentadiene
113. Hexachloroethane
115. Hexachloropropene
136. Pentachlorobenzene
148. 1,2,4,5-Tetrachlorobenzen~

150. 1,2,4-Trichlorobenzene

••
••••
••••
••••
••
•• ---) ••

Thus, the major constituents list for K030 is:

Constituent -,;-

42. Tetrachloroethene *.
111. Hexachlorobutadiene *.
131. Pentachloroethane ••

Other BOAT Constituents ••
Other Constituents ••

100';

·Average concentrations were calculated by averaging available data from all
sources. Where a concentration value was reported as less than a detection
limit, the detection limit was used in the calculation. Where
concentrations were reported as a range of values, the average over the
range was used and then averaged with other data.

*·This information has been claimed as RCRA Confidential Business Information.
The information is available in the confidential portion of the
Administrative Record for this rulemaking.
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APPENDIX C

STRIP CHARTS FOR THE SAMPLING EPISODE AT PLANT A:

WASTE FEED RATES, KILN TE~ERATURES, AFTERBURNER

TEMPERATURES AND EXCESS OXYGEN CONCENTRATION

Figure C-1: RCRA Blend Feed Rates

Figure C-2: PCB Blend Feed Rate

Figure C-3: Kiln and Afterburner Temperatures

Figure C-4: Hot Duct Oxygen Concentration (J)
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APPENDIX 0

ANALYTICAL QA/QC

The analytical methods used for analysis of the regulated constitu

ents identified in Section 5.0 are presented in this Appendix. 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 concentra

tion.

In some instances it was necessary to deviate from the SW-846

methods. Deviations from SW-846 methods required to analyze the sample matrix

are listed in Table D-2. SW-846 allows for the use of alternative or equiva

lent procedures or equipment; these are noted in Table D-3. These alterna

tives or equivalents included alternative GC/MS operating conditions, equiva

lent base/neutral surrogates, and different extraction techniques to reduce

sample matrix interferences.

The accuracy determination for a constituent is based on the matrix

spike recovery values. Tables 0-4 and D-5 present the matrix spike recovery

data for volatile and semivolatile constituents in the kiln ash and scrubber

water residuals.

The accuracy correction factors for volatile and semivolatile

constituents detected in untreated K019 and in the kiln ash and scrubber water

residuals are summarized in Table 0-6. The accuracy correction factors

were determined for each constituent by dividing 100 by the matrix spike

recovery (in percent) for that constituent.
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Table D-1

ANALYTICAL METHODS FOR REGULATED CONSTITUENTS
Nonwastewater

Regulated Constituent

Volatile

Kiln Ash Residue
Total Constituent Concentration

P-reparat ion
Method Analytical Method Reference

Combustion Gas Scrubber Discharge Water
Total Constituent Concentratton

Preparatton
Method Analytical Me~hod Reference

9. Chlorobenzene
14. Chloroform
23. 1,2-Dtchloroethana
42. Tetrachloroethene
45. 1,I,I-Trichloroethane

Semivolattle

Purge and
Trap

(MethOd
S030)

Gas Chromatography!
Mass Spectrometry
for Volatile Organics
(Method 8240)

• Purge and
Trap

(Method
5030)

Gas Chromatography!
Mass Spectrometry
for volatile Organics
(Method 8240)

•

o
I

N

68.
113.
121.
141.
150.

8is(2-chloroethyl}ether
Hexachloroethane
Naphthalene
Phenanthrene
1,2,4-Trtchlorobenzene

Sonication
Extractton·
(Method
3550)

Gas Chromatography!
Mass Spectrometry
for Semtvolattle
Organics: Captllary
Column Techntque
(Method 8270)

•

..

Separatory
Funnel
Ltquid
Ltquid
Extraction
(Method
3510)

Gas Chromatography!
Mass Spectrometry
for Semivolatile
Organics-Capillary
Column Technique
(Method 8070)

•

Reference:

.Environmental Protection Agency, 1986, Test Methods for Evaluating Soltd Westa, Third Edition, U.S. EPA, Office of Solid Waste and
Emergency Response, November 1986.



Table D-1 (Continued)

ANALYTICAL METHODS FOR REGULATED CONSTITUENTS
Wastewater

Regulated ConstItuent

KIln Ash ResIdue
Total Constituent Concentration

Preparation
Method AnalytIcal Method Reference,

CombustIon Gas Scrubber
Constituent Concentration

Preparation
Method AnalytIcal Method Referenctl

Volatile

7. Carbon Tetrachloride
14. Chloroform
23. 1,2-Dichloroethane
42. Tetrachloroethene
46. l,l,2-Trichloroethane

Purge and
Trap

(Method
5030)

Gas Chromatography!
Mass Spectrometry
for Volatile OrganIcs
(Method 8240)

- Purge and
Trap

(Method
5030)

Gas Chromatography!
Mass Spectrometry
for Volatile OrganIcs
(Method 8240)

•

Semlvolatlle

Sonication
Extraction
(Method
3550)

I:J
I

W

68.
88.

110.
113.
121.
136.
148.
150.

Bis(2-Chloroethyl)ether
p-Dichlorobenzene
Hexachlorobenzene
Hexachloroethane
Naphthalene
Pentachlorobenzene
1,2,4,5-Tetrachlorobenzene
l,2,4-Trichlorobenzene

Gas Chromatography!
Maos Spectrometry
for Sem1volat11e
Organics: Capillary
Column Technique
(MethOd 8270)

-

•

Separatory
Funnel
Ltqu1d
Ltquld
ExtractIon
(Method

Gas Chromatographyl
Mass Spectrometry
for Semivolatlle
Organics Capillary
Column TeChnique
(Method 8070)
3510)

•

l Ref erence:

-Environmental Protection Agency, 1986, Teat Methods for Evaluating Solid Waste, Third Edition, U.S. EPA, Offlctl of Solid Waste and
Emergency Aesponoe, November 1986.



Table D-2 DevlatlOn~ from ~W-l:l4b

?
~

Analy~l~

Contlnuou~ liquid/
liquId Extrdctlon or
Soxhlet Extraction or
5epdrdtory Funnel
t Iquld/llquld
Extrdction or SonlcdLlon

Cont Inuou~ liquid/
liquid Extraction

Sonication Extraction

Method

3~ZO

3~40

3~10

3~~O

3~ZO

3~~0

5W-846 5pecif Icatlon

Add 1.0 ml of ~olutlon contdlnlng 100
ug/ml of the aCid ~urrogdtes and ZOO
ug/.I of the base/neutral surrogates.
Additional amounts of the surrogate~

If ,high concentration samples dre
expected.

Use. micro Sr.~der column to adjust
the concentr~te volumes.

Method calls for use 10 " "aOH
and 1:1 N HZS04 .

SW-846 specifies 3 minutes of
sonic.tion.

No aCidification step is required.

Either decant extracts and t I Iter
through "0. 41 paper by vacuum or
centrifuge and decant

DevlaLlon trDD SW·846 Method

0.1 ml of a solution Lontdlnlllg 1.000
ug/ml of the aLld surrogates and Z.OOO
ug/m I of the ba~e/neutrd I '~UI rogates
were added to the sample~ Ihe final
concentrdtlon of the ~urrogates In the
extracts I~ the same as speCified In
SW 84&

Nitrogen was u~ed Lo ddJu~t the
concentrdLe volumes for these sdmple~

due to the high orgdnlc content of
the samples.

More concentrated acid and base
solutions were u~ed for buffered
somples (e.g., Z:I HZS04)

and lZ N "aOH).
•

Sonication IS performed for five
IIlnutes.

The base/neutral extracted kIln a~h

residue IS aCidified With I ml of I. I
HZS04, dried WIth "aZS04 (10 g),
and reextrdcted. The e.tracts Will be
coolb ined.

Vacuum f IltratlOlI IS not used.
DecantIng IS usually done Without

centrifugation.

RdL rondle for Deviation

The use of nitrogen reduced
potential sample loss due to
bumping that could occur during
the concentration of the extracts
of the~e samples.

Buffered samples require the
addition of Idrge amounts of
liqUidS to accomplish pH
changes. Using more concentrated
acid and base solutIons reduce~

the amount of aCid or bdse needed
and aVOids overfillIng the
extractor With aqueous phase.

The extended sonlflcation ensures
the thorough mixing of these
samples.

Ihls aCidification step yields
better recoveries of the acid
extrdctables.

Th I ~ techn Ique reduces salop Ie
transfer steps when samples can be
decanted without centrifugatIon.



Table D-2 (Cont.)

o
I

VI

AnalY~ls

6a~ (hron~tographyl

Ha~s ~pectrometry fur
Semlvolatlle OrganiCS:

Capillary Column
TechnIque

Se~aratory Funnel
LIquld/Llquld
[dractlon

~u llldt:~

Hethod

8210

'\

3SI0

!lOlO

SW-846 SpeCIfication

the internal standards recommended are
1,4-dlchlurobenlene-d4·
nap,thalene-d6, acenaphthene-d lO '
phenanthrene-dlO ' chrysene-d lZ '
.nd perylene-dIZ ' Other compounds
.ay be used .s internal standards as
long .s the requIrements given In
Paragr.ph 1.3.Z of the method are
-et. Edch compound IS dIssolved WIth
a small volume of carbon disulfide and
dIluted to volume with methylene
chlorIde so t~t the fInal solvent is
approxlmdtely ZOX carbon disulfIde.
Host of the compunds are also soluble
in ~ll volumes of -ethanol, acetone,
or toluene, except for
perylene-dlZ ' lhe resultIng
solution will contaih each standard at
a concentration of 4,000 ng/uL. Each
l-mL sample extr.ct undergoIng
analYSIS should be spIked with 10 uL
of the internal standard solutIon,
resultIng In. concentration of 40
ng/uL of e.ch Internal standard.

Extract sample at high pH and then at.
low pH.

No sample preparation given in Hethod
9010 for solid waste mdtrlx.

Deviation from SW-846 Hethod

The preparatIon of the Internal
standard~ WdS changed to eliminate
carbon disulfide as a solvent The
Internal stdnddrd concentration was
changed to SO nglul instead of 40
ng/ul. the standards were dissolved
In methylene chloride only.
Perylene-d lZ dissolved In methylene
chloride suffiCiently to yield
reliable re~ults,

..

the combustIon gas effluent .ater
reSidue IS extracted at low pH fIrst
and then .t high pH.

Sample preparatIon reqUired due to
matrIx of samples. DistIllatIon of
sulfide from the aCId solution was
used wIth the sorptIon of H1S In
NaOH. thiS met~ IS descrIbed In
[PA's "test HethOd to Determine
Hydrogen Sulfide Released from lIa~tes,"

Rationale for Deviation

Dlstillat Ion procedure used to
Ilberdte sulf Ide from various
matrices and to reduce potential
Interferences. SII-846 Hethod
9010 IS applicable only for water
~amples (drinking. surface, and
saline wastes). therefore sample
preparation reqUired for other
mdtrlces.



Table D-3 ,peL" II: PrQ(.eoure~ or lllul~menl U~t:d In blrdLt Ion 01 Orgdrilc lOlllpoulIlJS Whll'

Allerndllves or [qulv,denls ore Allo..eO In the SW-1l4f, MethoOs

Arloly~l~

Purge dr,d I rdp

~1oI-lS4f. Method

!1030

SdRlP Ie AI Iquot

!i 11111" Iters of IIqu Id

or 2 grdRls 01 50110

AIlt:rndl Ives or (qulvdlents Allo..ed

by SW-&4f. Methods

• lhe purge dlld trdp deVIce 10 lie

u~ed IS spec If led III the method In

r Igure I. the de50rber to be used

15 descrIbed In figures 2 dlld 3.
and the pdcklng materIals dre

described In Section 4 10.2. Ihe

method dllo"s equlvdlents of thiS

equIpment or R1dterldls to be u5ed_

•

Speclf IL ProLeJures or

[qulpRlenl Used

lhe purge dnd trdp equipment. the

desorLer. dnd l ht: ~oLk ,Ing OIdter Id Is

used ..ere dS speL" led In 5101-&46.

?
0\

Conllnuous Llqu Id

lIquid (xtrdctlon

3~20 I I Iter of \lquld

•

•

•

lhe method specIfIes lhdt the

trdp must be dl ledst 2!1 em long

dnd hdve dn Inside dldmeler 01 dt

ledst 0 10<, In

lhe surrogdtes recomm:nded dre

to luelle-dll. 4- brunof luorobenzene.

dnd 1.2-dlchloroeth4ne-d4. The

reLOl1Inended concent r.U Ion leve I IS

O_l!l ug/ml.

ACId dnd bdse/neutral extracts

d re usua I Iy comb Irled be fore

analySiS by GC/M5_ Ho"ever.

under some Situations. they may

be extrdcled and alld lyzed

separately.

\

• lhe lellgth ot the Lrdp ..as '10 CIII

and the dlameler ",as 0 2!1 un

• AII :i surrogdle....ere ddded dt I he

conLelltratlon recoomellded I" SIo'-1l4f.

• Ac Id dnd bd5e/r,eutrd I ext rdels

"ere LomIlIlled .. ,Ih lhe exct'I'IIGII ot

the sdmple collecled Iram lhe

I I It rallOn de"'dler IlIg ot OAf t lOdt

mIxture



And I)':'I~ 5W-&4(, Mt.lhod 5amp Ie AI IquOl

Table D-3 (Cont.)

Alternotlves or lqulvdlenl~ Allo.ed
by SW-&4t Melhod~

)p~clf IC Procedure~ or

lqu I JlIIIer. 1 U~ed

(Lnllnuuu~ LIquld
LiqUid [_tract Ion

(conllnued)

t:I
I.....

• lhe bd~e/neulrol surrogate~ •
rec~nded are 2-fluoroblphen)'l.
nltrobenlene-d~. 1~rphenyl-dI4

The aCId surrogale~ recagnendeJ
are 2-fluoropnenol.
2.4. t- tr Ibromopheno I. and
phenol-dt. Additional Lompound~

ffidi be us~d for ~urrogates. The
recommended concentratIons for
low-Illed lum conc~nt rat Ion lev~ I

~alllp le~ are 100 ug/m I for ac Id
~urrogate~ and ZOO u~/ml for
base/n~utral surrogates Volume

of surrogates added.may be odjuSled

~urrogdlt:~ .ere the scllne as tho~e

recommended by 5W·b4C With the
e.cepllon thai pheno l-d5 was
sub,>1 Iluted for· phenol-d6. !he

concenlrat lon~ of surrogates In the
:'dmples .ere 100 ug/ml of aCid
surrogote~ arid 200 ug/ml of
ba~e/neutral ~urrogales

So.hlet L.tract Ion 3~40 10 groms of solId •

•

lhe recomnlended surrogates and
theIr concentratIon level~ are
the same as for Method ]~20.

Sample grInding may be reqUIred
for samples not passing through a
1 mm ~tandard sieve or a I mm
openIng

•

•

The ~urrogates used and th~lr

concentrallon level~ .ere the Sdme
a~ for Method 3520.

)dlllp Ie gr Jnd In~ .as not requi rt:d.



Andl~:;IS

SW-1I46

Melhod

!l.-ple

Pre,.rdlill/l

lie.....

Table D-3 (Cont.)

Alterndl Ives or (qulvdlellls

AlIowed III !lW- b..6 I t;lr

(qu l.-enl or 10 Procedlu'e

• Rec~nded bC/H!o operdl Inlj ~ondilions.

~Jlel" IIIC 14u'II',.,,,1 0' 1', Ol'eLlu' e~ Use••

• All Ud I LJC:H~ o~.e. 01 '"4 lIJIIIII, IOII~.

v

Addiliolldl InlorDldI'OIl 011 ALluo I ~y~I"1II Il~e"

(qu'pllt'lIt 11I1IIegiln Mdl lIIOllel "100 LJC.·H'.JO~ ~y"t,"

Ddtd SWsl~n SUP(RIN(O~R

Mode' (leLlron I~dll

118" IIbl dl Y dvd I I.... Ie

Inlerldce to H" Jel sep".dlol

tl
I

00

lid:; (hrOlUlogrdph~/

Mdss ~peclrOlelrw

lor vo Idlile

Orljdnll:S

8240 !lOlO Eleclron enerlj~:

"'SS rdnge:
Sedn al_:

Inilidl COIU81 le-perdlure:

Inlal.1 l:ol~ hOlding I lee.

Col~ l.-per.ture prOlJr.. :

F 1... 1 coI~ te-penaure.

Flndl col~ holdlnlj ai_:

InJeclor ae-perdaure:

!lourl:e a~r'lure:

Ir.ns'er line te.perdlure:

C.rrler gas:

10 vO Is I1I01l1lndl)

}!l 260 MlU

10 ljlve !l :;cdns/peO~ bul

nol tu e_l:eed 1 sec/~Ldn

"!l'(

1 ~III

8'C/_ln

2OO-C
l!l _10

200-22!l"C
AccordlOlJ to ..nut.clurer's

spec illCdllll/l

2!i0-lOO'C
"wdrogen .1 !i0 c-'sec or

he .....a 30 c.vsec •

I letl rOil ellelgy

Hd~~ r(ulqp

"cdn lime

lI"I'dl LoIUllll. It:rllpe'dlu.l:

111.1 Idl columll hollll1l4 I'RIt'

(OIUIIIII It'fflJIt'ldlu." P'O'l'OIll

flndl Lolumn lempeldlule

I Illd I co IUI1ll1 tlo iii '"11 I 1111..

InJeclor lemperdlure.

Source lemperdlure.

hdllSter IlIle leAlpt'rdlure.

Cdrr lei 'IdS.

1·0 ev

"1" }'.o d,IIl.

'l ~l!t.. / ~" ... dfl

101
t' lIllll

t, (/mlfl

11,0 (

70 11I'"
no
7'.0 ..

71'..'

HellulII ~ :10 mll'"111

• lhe l:ol~ should be 6-fl _ 0 I In 1.0. ljld:;s. pdcked

.Ith IX !lP-IOOO on C,rlOpdck 8 (60/80 -esh) 01 ,n

equlv.lent.

!ldmPles .. ~ be dndl~led be purge dnd tr.p aechnlque or by

direct InJecllon

• lhe column useLl ,,"s d cdplIl".y VOIOI "hlch ,~

60 ~Iers 1011'1 illltl hd~ "II II1n.. ' d 1,,""1 e. o. 0 '"

11II' ilnd d I '"dlldl

• AII sd,,,,,le~ ..... " dlld 1111:1. u~ 111'1 I he JlUI"'I' dlld

I rdll ledlll '4""



Andlysis

~W-84t.

M~thOd

~ample

PreparatIon

Method

Table D-3 (Coot.)

AIt~rr'dtlves or lqulva I~nl~

AI lowed In ~W ij46 for

lqulpnent or In Procedure ~pt:c If Ie lqu IPIII~1I1 ur f', ol~durt:s U:.ed

• Recommended ('C/M~ operallng condit Ions.

..

• Actudl GUMS operalllllj COIIl!ltlOlI:':(,~:. Chrclflldtography/

Md:'S ~pectlometry

fOI sem,volatll~

organIcs: capIllary
Lolumn teLhnlque

t:l
t

..0

bUO 3~20-llqulds

3~0-!"Iollds

M4ss range:

!"Ican t IIlle:

InItIal column temperature.

InItial colunv. holdIng tIme:

Column temperature program:

final column temperature hold:

Injector temperalure
Transfer lIne temperature:

!"Iource temperature:

3',· 'JOO alllu

I sec/scan
40'C

4 mIn
40-£10"( at

10"C/mln

210"(. (unt 1 I

benzo(g.h.I.)perylene
eluted)
2~0·300·(

2~0-300"(

According to
manufacturer's

has

M"ss rallljl:
Sedn IIIJ~:

InItIal COIUIIIII temlJer"turt:
In Illd' co lumll ho ldlllg tllllt:
Column temp~rature proljram

Final colullln lemp~rilture hold

InJeelol templ:rdture.

lransfer line temlJerdlure

~oUrLe temper"ture

3'l - 4'10 amu

o ~ sechcan
3'1'C

3 ~ mIn
3~'( ilt 10'(/'"ln

'tl 'J'l

21',-(

27', ·l

{',O"C

InJector:
!"IaJllPle volume:
Carrier gas:

speCIfication

Grob-type. splIt less

1-2 ut
Hydroyen at SO cm/sec or

helIum at 30 cm/sec

InJector.
~dmple volume.

Carrier gdS:

(oul-oll culumn al 3','(

I ul of sdmple e_trdcl
Hydrogell ~ '10 mllmln

• The column should be 30 m by 0 2S IIIIl I 0 .. I-um film

thIckness silIcon-coated fused SIlIca capIllary column

(Jtw ~clentiflc DB-~ or eqUIvalent)

• AdditIOnal Info rlllil 1 Ion on AUud] System Used .
£qu IpDellt. Ht:..e lelt PaLl.. ard ..9b/A (iUM~

(OlJerators Manua I ReVISion Bl
~oflwdre Pdckage: AOUARIU~ Nb~ Ilbrilry

avil I lab Ie

• the co lumll used was the J&W :.uentll Ie DB -'I

slllCd Ldpllidry Lolumn It IS 60fllt'lerswlth d

0.3£ filII Ldplll"ry columll \finer dlaf1lt:lel dnd d I 0
urn II In,



Table D-4

MATRIX SPIKE RECOVERIES FOR KILN ASH RESIDUE

Sample Result Duplicate Sample Result
Original Amount Amount Percent- Amount Amount Percent-

Amount Found Spiked Recovered Recovery Spiked Recovered Recovery
Spike Constituent (ppb) (ppb) (ppb) (1) (ppb) ( ppb) -1

VOLATILES
4. Benzene <2 25 22.6 90 25 21.2 85

1. Carbon Tetrachloride ••
9. Chlorobenzene <2 25 214.8 99 25 25 100

14. Chloroform ••
22. 1,1-Dichloroethane ••

0
I

I-' 23. 1,2-Dichloroethane ••0 ..
24. 1,1-Dichloroethylene <2 25 21.2 85 25 19.4 18

42. Tetrachloroethene ••
43. Toluene ••
45. 1,1,1-Trichloroethane ••

-Percent recovery = 100 x (Ci - Co)/Ct, where Ci = amount recovered, Co = original amount found, and
Ct = 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 volatile constituents. The lower average percent recovery is
941 from the duplicate sample result.



Table D-4 (Continued)

MATRIX SPIKE RECOVERIES FOR KILN ASH RESIDUE

Spike Constituent

Original
Amount Found

(Ppb)

Amount
Spiked
i.PPQl

Sample Result
Amount Percent*

Recovered Recovery
(ppb) -ill

Duplicate Sample
Amount Amount
Spiked Recovered
(ppb) (ppb)

Result
Percent*
Recovery

%

VOLATILES (Continued)
47. Trichloroethene <2 25 26.8 107 25 28 112

AVERAGE RECOVERY FOR VOLATILES

SEHIVOLATILES (BASE/NEUTRAL FRACTION)
52. Acenaphthene <2

68. Bis(2-chloroethyl)ether +

50 55

95

110 50 55

94

110

o
I......

......

70. Bis(2-ethylhexyl)
phthalate

88. 1,4-Dichlorobenzene

+

<2 50 45

..
90 50 49.5 99

98. Di-n-butylphthalate +

102. 2,4-Dinitrotoluene

105. N-Nitroso-di-n
propylamine

<50

<5

50

50

53.5

60

107

120

50

50

55

65

110

130

*Percent recovery = 100 x (Ci - Co)/Ct, where Ci = amount recovered, Co = original amount found, and
Ct = 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 volatile constituents. The lower average percent recovery is
94J from the duplicate sample result.

+No matrix spike was performed for this constituent. The percent irecovery for this constituent is based
on the lower average percent recovery of the semivolatile (base/neutral) constituents. The lower
average percent recovery is 103% from the duplicate sample result.



Table D-4 (Continued)

MATRIX SPIKE RECOVERIES FOR KILN ASH RESIDUE

Spike Constituent

Original
Amount Found

(ppb)

Amount
Spiked
!..PEEl

Sample Result
Amount Percent*

Recovered Recovery
(ppb ) ---i!l

DupliQate Sample
Amount Amount
Spiked Recovered
(ppb) (ppb)

Result
Percent*
Recovery

%

SEMIVOLATILES (Continued)
109. Fluorene +

110. Hexachlorobenzene +

113. Hexachloroethane +

121. Naphthalene +

136. Pentachlorobenzene +
tl
I......

N 141. Phenanthrene

145. Pyrene

+

<2 50 60

•

120 50 46 92

148. 1,2,4,5-Tetrachloro- +
benzene

150. 1,2,4-Trichlorobenzene <5 50 31.5 15 50 40 80

AVERAGE RECOVERY FOR 104 103
SEHIVOLATILES (BASE/NEUTRAL)

*Percent recovery = 100 x (Ci - Co)/Ct, where Ci = amount recovered, Co = original amount found, and
Ct = 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 volatile constituents. The lower average percent recovery is
94J from the duplicate sample result.

\
+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 103J from the duplicate sample result.



Table D-5

MATRIX SPIKE RECOVERIES FOR COMBUSTION GAS SCRUBBER DISCHARGE WATER

Sample Result Duplicate Sample Result
Original Amount Amount Percent- Amount Amount Percent-

Amount Found Spiked Recovered Recovery Spiked Recovered Recovery
Spike Constituent (ppb) (ppb) (ppb) ( %) (ppb) ( ppb) -1

VOLATILES
4. Benzene <2 25 21 84 25 11 68

1. Carbon Tetrachloride ••
9. Chlorobenzene <2 25 29 116 25 23 92

14. Chloroform ••
21. Dichlorodifluoromethane ••

t:l 22. 1,1-Dichloroethane ••I
t-'
w

23. 1,2-Dichloroethane ••
24. 1,1-Dichloroethylene <2 25 12 48 25 11 44

42. Tetrachloroethene ••
43. Toluene ••
·Percent recovery = 100 x (Ci - Co)/Ct, where Ci = amount recovered, Co = original amount found, and
Ct = amount spiked.

·.No matrix spike was performed for this constituent. The percent recovery determined for this constituent
to be considered for the final rule is based on the lower average percent recovery of the volatile
constituents. The lower average percent recovery is 18% from the duplicate sample result.

+No matrix spike was performed for this constituent. The percent recovery determined for this constituent
to be considered for the final rule is based on the lower average percent recovery of the semivolatile
(base/neutral) constituents. The lower average percent recovery is 84% from both sample results.

('urL? 11



Table 0-5 (Continued)

MATRIX SPIKE RECOVERIES FOR COMBUSTION GAS SCRUBBER DISCHARGE WATER

Spike Constituent

Original
Amount Found

(ppb)

Amount
Spiked
~

Sample Result
Amount Percent*

Recovered Recovery
(ppb) -ill

Duplicate Sample
Amount Amount
Spiked Recovered
(ppb) (ppb)

Result
Percent*
Recovery

i

VOLATILES (Continued)
45. 1,1,1-Trichloroethane ••

AVERAGE PERCENT RECOVERY FOR VOLATILE

47. Trichloroethene <2 25 21 84

83

25 27 108

7B

t:I
I

I-'
.po.

SEMIVOLATILES (Base/Neutral Fraction)
52. Acenaphthene <5

68. Bis(2-chloroethyl)ether +

BB. 1,4-0ichlorobenzene <2

98. Di-n-butylphthalate +

102. 2,4-0initrotoluene <2

105. N-Nitroso-di-n- <5
propylamine

50

50

50

50

51

34

43

50

102

68

86

100

50

50

50

50

51

35

42

46

102

70

84

92

·Percent recovery = 100 x (Ci - Co)/Ct, where Ci = amount recovered, Co = original amount found, and
Ct = amount spiked.

·*No matrix spike was performed for this constituent. The percent recovery determined for this constituent
to be considered for the final rule is based on the lower average percent recovery of the volatile
constituents. The lower average percent recovery is 78~ from the duplicate sample result.

+No matrix spike was performed for this constituent. The percent recovery determined for this constituent
to be considered for the final rule is based on the lower average percent recovery of the semivolatile
(base/neutral) constituents. The lower average percent recovery is 84~ from both sample results.

C8n-2_~



Table D-5 (Continued)

MATRIX SPIKE RECOVERIES FOR COMBUSTION GAS SCRUBBER DISCHARGE WATER

Sample Result Duplicate Sample Result
Original Amount Amount Percent· Amount Amount Percent*

Amount Found Spiked Recovered Recovery Spiked Recovered Recovery
Spike Constituent (ppb) (ppb) (ppb) ( ~) (ppb) (ppb) ---1

SEMIVOLATILES (Continued)
109. Fluorene +

110. Hexachlorobenzene +

113. Hexachloroethane +

121. Naphthalene +

136. Pentachlorobenzene +
0
I 1111. Phenanthrene +I-'

\.11

1115. Pyrene <2 50 113 86 50 113 86

1118. l,2,1I,5-Tetrachloro- +
benzene

150. l,2,4-Trichlorobenzene <10 50 30 60 50 34 68

AVERAGE PERCENT RECOVERY FOR 84 84
SEMI VOLATILES (BASE/NEUTRALS)

*Percent recovery = 100 x (Ci - Co)/Ct, where Ci = amount recovered, Co = original amount found, and
Ct = amount spiked.

**No matrix spike was performed for this constituent. The percent recovery determined for this constituent
to be considered for the final rule is based on the lower average percent recovery of the volatile
constituents. The lower average percent recovery is 78~ from the duplicate sample result.

+No matrix spike was performed for this constituent. The percent recovery determined for this constituent
to be considered for the final rule is based on the lower average percent recovery of the semivolatile
(base/neutral) constituents. The lower average percent recovery is 84~ from both sample results.

rRO_? f..



Table D-6

SUMMARY OF ACCURACY CORRECTION FACTORS

Accuracy Correction Factor*

Constituent
Kiln Ash Residue Scrubber Water
Total Composition Total Composition

7.
9.

14.
21.
22.
23.
42.
43.
45.
47.
68.
70.
88.
98.

109.
110.
113 .
121.
136.
141.
148.
150.

Carbon tetrachloride
Chlorobenzene
Chloroform
Dichlorodifluoromethane
1,1-Dichloroethane
1,2-Dichloroethane
Tetrachloroethene
Toluene
1,1,1-Trichloroethane
Trichloroethene
Bis(2-chloroethyl)ether
Bis(2-ethylhexyl)phthalate
p-Dichlorobenzene
Di-n-butylphthalate
Fluorene
Hexachlorobenzene
Hexachloroethane
Naphthalene
Pentachlorobenzene
Phenanthrene
1,2,4,5-Tetrachlorobenzene
1,2,4-Trichlorobenzene

1.06
1.01
1.06

1.06
1.06
1.06

1.06
0.93
0.97
0.97
1. 11
0.97
0.97
0.97
0.97
0.97
0.97
0.97
0.97
1.33

1.28
1.09
1.28
1.28
1.28
1.28
1.28
1.28
1.28
1. 19
1. 19

1.47
1. 19
1. 19
1. 19
1. 19
1. 19
1. 19
1. 19
1. 10
1.67

*The Accuracy Corrrection factor is equal to 1 divided by the Percent
Recovery Correction Factor.

D-16



Table D-7
C.lcul.'ton of BIMT Tr.....n' S'.nderdll

••11'. Codl. 1CD19
(Scrub"r .n... C.po.Ulon)

Tht. ,.bl. pr••n'. 'he ..laule,tonll of 'he co..red.d enel,Ucel v.luell for connUuen'lI .hich .111'.
lII'ec'ed tn "'. un'rN'ed or I;h~ ' ••• 'ed ."'e. ulltng "'. lICa••c, aorrecUon f.ao...·(ACFJ. No,. U1.'
.h.n e con.U'uen' te no' eIII'ea'.d tn 'h••• ,h. unadju.'.d .nel,Ucel v.lue t. _, equel '0 ch.

lII'ecUon U.U. The unedJu.'.d .nel,Uo.l v.luell .nd 1II'.cUon U." • • 1'. l.bel.d -.- .nd -dl-.
re.pIIaU v.l ,.

S.pl. Be,

tI
I

t-'

"

Con.ctCuen'

7.Carbon '.'rachlor Ide
_dju.,.d vel ue 111II11
e or dl
ACF

edJullud velue 111II1)"

9. Chi or0"n.n.
_djuII,ed velue 111II11
e Dr cit
ACF

edJullud vel. 111III1)"

14.Chlororo...

unedJu.ud velue 111II11
• Dr dl
N:S-
edju.'.d velue 111II11··

21.0tohlorodtrluorGlllthene

unedj u.'ed vel. 111II11
e or dl
ACF

edjuII'.d velue IlIIIIl)"

22.1.1-olohlorOllth.n.
uMdjullted velue IlIIIIl)
• or dl
ACF
.djullt.d velue (.gll J••

1

0.00l!
dl

1.211!
0.003

o.ooe
dl

1.087

0.002

o.ooe
dl

1.211!
0.003

0.00l!
dl

1.211!

0.003

0.002
dl

1.211!
0.003

2

0.002
dl

1.211!
0.003

0.00l!
dl

1.087

0.002

0.002
dl

1.211!
0.003

0.002
dl

1.282
0.003

0.002
dl

1.282
0.003

3

0.002
dl

'.211!
0.003

0.00l!
dl

1.087

0.002

0.00l!
dl

1.211!
0.003

0.004
II

1.211!
0.101

0.002
dl
1.282
0.003

4

0.002
dl

1.211!
0.003

o.ooe
dl

1.087

0.002

0.002
dl

1.211!
0.003

0.014

•
1.211!
0.018

0.002
dl

1.2112
0.003

Ii

0.002
dl

1.211!
D._

_0.002
dl
1.087

0.002

0.002
dl

1.n2
0.003

o.ooe
dl

1.282
0.003

0.002

dl •
1.282
0.003

B

0.002
dl

1.211!
0.003

0.002
dl

1.087
0.002

0.002
dl

1.211!
0.003

0.002
dl

1.282
0.003

0.002
dl

1.282
0.003

• Accurllc, CO.....ctlon Fec'ors .... pre.nUd In T.ble D~ •
•• Adj ulICed v.l ue = (Unlldj usc.d vel 118 ) • (ACF)



Table D-7 (Continued)
CelculeCton or lOAT Treee.enC 8ce~rda

.eeCe eo•• KGtl
I Scrub"r .eter C-poet Uon)

lbte Celile pr_nCe Che _loutaClona or tha aorr_C.d enal,Uael "el.e ror coneCttuanU .htch ••r•
• c.cted In the uncr.ced or ttte CruCed ."Ce. uelnll the _0....0' oorreoUon re~or.·IACF). NoCe th.C
eb.n a aoneUCua'" I. noC .seoC. In Ch. aeh Ch. unaCUu.Ced anel,Uael ".l... _C equal Co Ch•
• CeoUan lIalC. 'lba u_tUueCad a.al,Uoel "al•• end .'eo'ton lI.tea .re lablll.d -.- end -dl-.
re.,.oCl ••l,.

"ple .C

ConeCIC.nC t e 3 4 & 8

--
23.t.2-0lohlaroeth..

_CUueC. vel. IlII8Il) 0._ 0.002 0.002 O.ooe O.ooe O.ooe
a or dl dl dl dl dl dl dl
ACF t.e. t.e. t.e. t.e. t.e. t.e.
atUu.ced vel. leg/II·· 0.003 0.003 0.003 0.003 0.003 0.003

tl
I

t-' 42.Te'raohloroaChen.OJ ..
_CUue'ed vel. Ieg/l) 0.002 O.ooe o.ooe O.ooe O.ooe O.ooe
• ar dl dl dl dl dl dl dl
ACF t.e• t.e. t.e. t.e. t.e. t.e.
• CUu.sed velue Ieg/l )•• 0.003 0.003 0.003 0.003 0.003 0.003

48.Toluen.
-CUu.'. vel. Ieg/l) 0.002 0.008 0.003 0.00& O.ooe O.ooe
a ar dl dl e a a dl dl
Ja- t.e. t.e. t.e. t.e. t.e. t.e.
aCUu.'ad vel. Ieg/l )•• 0.003 0.004 0.003 0.... 0.003 0.003

4&.t.t .t-Trlohlo..... than.
-CUu.C.d vel. Ieg/l) O.ooe O.ooe O.ooe O.ooe O.ooe O.ooe
a ar dl dl dl dl dl dl dl
ACF t.e. t.e. t.e. t.eee t .ell! t.eee
.CUueced velue leg/II·· 0.003 0.003 0.003 0.003 0.003 0.003

-
47.Trlohloroathan.

u_CUueC.d vel. Ieg/O O.ooe O.ooe o.ooe O.ooe O.ooe 0.002.
• or dl dl dl dl dl dl\ dl
ACF t .t80 I.IBO t.t90 l.t90 t.l80 I.IBO
edjueced velue IlIQIl lee 0.002 0.002 0.002 0.002 0.002 0.002

• Acourecy Correclton Facto,. .re pre.nled tn Teble D~.

ee Adlueted .elue = IUnedJuet.d ".lue) • IACFI



Table D-7 (Continued)
Celeul.tton of B~T Tn....nt St.n_rd.

W.et. ea_. 1011

(8cruta"r W.ter c.pnttfonl

Thl. telll. pr...nt. th. a.loUl.t~on. of &h. oorreot.d .nel,tlcel v.luee for coneettuenee .hleh .ere
_e.ot.d tn &II. untr..t.d 01' &he tr••t.d •••t •• uetnll &h. _our.o, oorr.otlon f.otor.-(ACFI. Note th.e
.h.n. coneUt_nt te not _eeat.d tn th.... &he u_COueeed .nel,Uoel ".l_ t ...t .....l to ehe
dle.etlon It.h. Th. u_cUuee.d .nal,ttoal ".l..e .nd dle.oeton It.tt••r. l.tael.d -.- .nd -dl-.
r....OS"'.l'.

S.pl. S.e

Can.ett_nt 1 e 3 4 15 S

--
BI.BI.II!-Ghl oro.&h, ll.&h.r

u_cUu.t.d ".lue Ieglli O.ooe 0.002 O.ooe O.ooe 0.002 O.ooe

• 01' dl dl dl dl dl dl dl
ACf 1.180 1.180 1.180 1.180 1.180 1.180

t::l
.cUueted vel .. IlI8IlI-- 0.002 0.002 0._ 0.002 0.002 0.002

I.....
88. p-OI ohlorobenmln.\D •

_lUu.t.d v.l .. legllI 0.002 0.002 0.0De O.ooe 0.00l! 0.00l!

• or dl dl III dl dl dl dl
ACF 1.471 1.471 1.4" 1.4" 1.4" 1.471
.cUu.ted vel .. leglll-- D._ O.- 0.1IIa D.- O.- 0.003

88.DI-n-but,l ph&ll.l.e.
_cUu.t.d vel_ legllI 0.002 0.0" O.DOII 0.004 0.0119 0.003

• or dl dl • • • • •
ACf 1.110 1.180 1.180 1., • 1.180 1.180
• cUuee.d vel .. leglll88 0.002 0.008 O.DOIi 0.001 0.003 0.003

101.Fluoren.
u_cUu.t.d nlue legllI 0.002 0.002 O.ooe 0.002 0.002 0.002

• or dl dl dl dl dl dl dl
ACf 1.180 1.1. 1.180 1.t80 1.t80 t.tlO
.dJuet.d vel .. IlI8IlI-- 0.002 O.DOI! 0.002 0.002 0.002 0.002

ttO.He..ohloro"n.ne
unedJueeed v.l .. I-elli 0.010 0.010 0.010 0.010 0.~10 0.010

• or dl dl dl dl dl dl .\ dl
ACF 1.180 1.180 1.t80 1.180 1.1SO 1.110
.dJuee.d Vll .. I-gil'" 0.012 0.012 0.012 0.012 0.012 0.012

- Aoeur.e, Correction Feeeore ere pre.nted In bble D-e •
•• AIt ....It." ".1 ... = ' ......IIIII.t.d ".11.1 • 'ACFI



Table D-7 (Continued)
Calcul.tlon or BDlT Tr.....nt St.nderde

W••t. Cod.. 10'18
l8crub" r W.t.r C.po.I t Ion)

Tht. tebl. pr••nt. the _lcut.tto... of the C1Drr.ct.d ....l,Ucel v.lue. for con.tltuenU .hlch ••r.
dIIt.ct.d In &h. untr..t.d 0' &he veet.d ••t., u.tnl &h. _our.c, oo,reotlon f.ctor.·IACF). Not. &h.t_en . oon.tlt_nt I. Nit .&eat.d In th••• &h......dju.ted ...l,tlcel v.lue I••t ..... l to &h.
dlltectlon u.n. Th. u_tU••t.d ._,tloel II.l....nd dIIt.oUon u.n••,. l.beled -.- .nd -dl-,
' ....ctlv.l'.

....pl. Bet

Con.tlt_nt 'I 2 8 4 II S

----
'I 'I8.He••ohlo,..&h...

.....tU_t.d vel_ IIIII/l) 0.0'10 0.0'10 0.0'10 0.0'10 0.0'10 0.0'10

• 0' ell ell ell dl ell dl dl
lao '1.'180 '1.'1. 'I.'IID '1.'1. '1.'180 '1.'180

t:I .dJu.t.d vel .. IIIIIIU·· 0.0'12 0.0'12 0.0'12 0.0'12 0.0'12 0.0'12
I

N
0 'IR'I.Nephlh.l.n. •

_tUu.t.d vel_ IIIII/ll O.ooe O.ooe 0.002 O.ooe O.ooe O.ooe

• or ell dl ell ell ell dl dl
lao 'I.'IID 'I.'IID '1.'1. '1.'180 '1.'180 '1.'180
.tUu.ted vel_ IIIII/l)·· 0.110I 0.110I 0.110I 0.002 O.ooe 0.002

'I88."nteohlora"nman.
_IUuat.d vel_ IIIII/ll 0.0'10 0.0'10 0.0'10 0.0'10 0.0'10 0.0'10

• 0' III ell ell ell III dl dl
lao '1.'180 '1.'1. '1.'180 '1.'180 '1.'180 '1.'180
.dju.t.d vel_ IlIIIIl)-- 0.0'12 0.0'12 0.0'12 0.0'12 o.O'Ie 0.0'12

'I4'1 .......n"'ren.
.....IU ••ted v.l_ IlIIIIl) O.ooe O.ooe O.ooe O.ooe O.ooe 0.002

• 0' dl dl dl dl ell dl dl
lao '1.'180 '1.'180 '1.'180 '1.'180 '1.'180 '1.'180
.dju.t.d velue IlIIIIl)-· o.ooe 0.002 o.ooe O.ooe 0.002 0.001!

'I-e.'I,e,4,&-T.t'.chloroblRl8n.
unalUu.t.d vel .. IlIIIIl) 0.005 0.005 0.006 0.006 O.Q06 0.005

• Dr ell dl dl dl dl dl \ dl
A£F '1.'180 '1.'180 '1.'180 '1.'180 '1.'180 '1.180
.djuat.d velue I-ell)-· 0.008 0.008 0.001I 0.008 0.008 0.008

- Accur.c, Corr.ctton Factors .r. pr••nt.d In T.bl. D~.
'I __ ......cI



Table D-7 (Continued)
Celcul.tlon 01 I~T Tr..~.nt It.nderde

' ••t. Co.... K011
l8crub.r '.ter c.po.ltlonl

lbl. teill. pr_nt. 'h••loul.,?on. 01 the oorr.o'''' .nely".l ".1... lor con.tUuente .hlch ••r•
... t.cted In &tI. unw..'.d or &tI. 'r..t.d ...t., u.lng the eoour.cy carNotlon I.ator.-IACFI. Not. th.t
....n • canetU..nt I. no' detect.d tn the .1Ih UI. u"cUu.t.d ...lyUcel ".l .. h .t equel to the
"'t.oUon U.lt. The unecUu.'.d .nely"oal ".....nd "".otlon U."••,. l ....l.d ..- .nd -dl-,
r ....c''''.l y.

"pl. Set

Cone'U..n' 1 R 3 4 Ii I

- Accur.cy Corr.ctlon Feator n'.d In T.bl. D-8.
_. AcUu.'''' well•• I....CUu.t.d wei.. ) • IACfI

o
I

N
t-'

1&O.1,R,4-Trtohlorobena...
u"4Ju.ted wel.. IlI8I'll
• or dl
N;F

.cUu.Ad wel .. l-elll--

0.0.
dl
1.181
0.008

0.011&
III
1.181
0.001

0.00& 0.00& 0.006 0.005
dl III dl dl
1.187 1.887 1.887 1.887
0.008 0.008 0.001 0.008

-
..

\



Table D-8
Calculation of BDAT Treatment Standards

Wasta Cods: K019
(Rotary Kiln Incinerator Ash Composition)

This table presenta the celculetions of the corrected analytical velues for the reguleted
conatituente using the acurracy correction fectors.(ACF). Note that when e constitusnt is not
detected in the Bah the unedjusted analyticel velua is set squal to the detection limit.
The une~ueted enelytical values and datection limits era labaled "a" end "dl". respectively.

SempLe Set

t:l
I

N
N

Constituent

7. Cerbon tetrechloride
unedjusted velue (mg/kg)
e or dl
~

edjusted vslue [mg/kg)··

9.ChLorobenzene
unedjueted velue [mg/kg)
e or dL
ACF
edjusted veLue [mg/kg)··

14.Chlorofonu
unedjueted velue [mg/kg)
e or dl
ACF
adjusted velue [mg/kg)··

22.1.1-Dichloroethane
unedjueted value [mg/kg)
e or dl
ACF
adjusted value [mg/kg)··

23.1.2-Dichloroethene
unedjusted velue [mg/kg)
e or dl
ACF
adjusted velus [mg/kg)··

1

2.000
dl
1.084
2.128

2.000
dL
1.010
2.020

2.000
dl
1.064
2.128

2.000
dl
1.064
2.128

2.000
dl
1.064
2.128

2

2.000
dL
1.064
2.128

2.000
dL
1.010
2.020

2.000
dl
1.064
2.128

2.000
dl
1.064
2.128

2.000
dl
1.084
2.128

3

2.000
dl
1.064
2.128

2.000
dL
1.010
2.020

2.000
dl
1.064
2.128

2.000
dl
1.064
2.128

2.000
dl
1.064
2.128

4

2.000
dL
1.064
2.126

2.000
dL
1.010
2.020

2.000
dl
1.064
2.128

2.000
dl
1.064
2.126

2.000
dl
1.064
2.128

5

2.000
dL
1.064
2.128

2.000
dl
1.010
2.020

2.000
dl
1.064
2.126

2.000
dl
1.064
2.126

2.000
dl
1.084
2.128

6

2.00D
dL
1.064
2.128

2.000
dl
1.010
2.020

2.DOO
dl
1.064
2.126

2.000
dL
1.064
2.126

2.000
dl
1.064
2.128

• Accurecy Correction Factore ere presented in the Bsckground Document •
•• Adjusted valua =(Unadjustsd valua) x [ACF)



Table D-8(Continued)

Calculation of BOAT Traatmant Standards (Continued)
Waste Code: KD19

(Rotary Kiln Incinerator Ash Composition)

Thia teble presants tha calculations of tha corrected analytical valuas for tha regulatsd
constituanta using the acurracy corractlon factors.(ACF). Nota that whan a constitusnt is not
datected in the ash tha unadJuated analytical valua is sat equal to the detection limit.
Tha unadjustad analytical values and detsction limits are labaled a and dl. respsctivsly.

Sampla Sat

Constituent (Cont.) 1 2 3 4 5 B

42.Tatrachloroathana
unadJuated valua (mg/kg) 2.000 2.000 2.000 2.000 2.000 2.000
a or dl dl dl dl dl dl dl
ACF 1.084 1.0B4 1.0B4 1.0B4 1.0B4 1.064
adjusted value (mg/kg)·· 2.128 2.128 2.128 2.128 2.128 2.128

45.1.1.1-Trichloroethana
unadjusted valua (mg/kg) 2.000 2.000 2.000 2.000 2.000 2.000
a or dl dl dl dl dl dl dl
ACF 1.084 1.0B4 1.0B4 1.0B4 1.0B4 1.064

t:l adjuatad valua (mg/kg)·· 2.128 2.128 2.12B 2.128 2.128 2.128
I

N
w

47. Trichloroathene
unadjusted valua (mg/kg) 2.000 2.00P 2.000 2.000 2.000 2.000
a or dl dl dl dl dl dl dL
ACF 1.000 1.000 1.000 1.000 1.000 1.000
adjustad valua (mg/kg)·· 2.000 2.000 2.000 2.000 2.000 2.000

68.8is(2-chloroathyl)ather
unadjusted value (mg/kg) 2.000 2.000 2.000 2.000 2.000 2.000
a or dl dl dL dl dl dL dL
ACF 1.000 1.000 1.000 1.000 1.000 1.000
adJustad value (mg/kg)·· 2.000 2.000 2.000 2.000 2.000 2.000

70. Bis(2-ethylhaxyl)phthalata
unadJuated valua (mg/kg) 2.000 2.000 2.000 12.000 2.000 2.000
a or dl dL dl dl a dl dL
ACF 1.000 1.000 1.000 1.000 1.000 1.000
adJustad valua (mg/kg)·· 2.000 2.000 2.000 12.000 2.000 2.000

• Accuracy Corraction Factors ara prasantsd tn tha Background Documant.
1Il* .. I.



Table D-8(Continued)

Calculation of BOAT Treetment Standards (Contlnusd)
Wssta Cods: K019

(Rotary Kiln Incinerator Ash Composition)

This tabla presents the calculations of tha correctad analytical valuea for tha regulated
constituents using the acurracy correction factors'(ACF). Note that whan a constltuant Is not
datacted In the esh tha unadjuated enalytlcel value Is sat equal to the detection limit.
The unadjusted analytical values and detection limits ara labeled a and dl, respectivelY.

Sample Set

Constituent (Cont.) 1 2 3 4 5 B

BB. p-Dlchlorobenzena
unadjuated valua (mglkg) 2.000 2.000 2.000 2.000 2.000 2.000
a or dl dl dl dl dl dl dl
ACF 1.111 1.111 1.111 1.111 1.111 1.111
adjusted valua (mglkg)" 2.222 2.222 2.222 2.222 2.222 2.222

9B. Ol-n-butyl phthalate
unadjuated valua (mglkg) 2.000 2.000 2.000 230.000 2.000 2.000
a or dl dl dl dl a dl dl
ACF 1.000 1.000 1.000 1.000 1.000 1.000

t:I adjuatad valua (mglkg)" 2.000 2.000 2.000 230.000 2.000 2.000
I

N

""'" 110. Hexachlorobanzana
unadjusted valua (mglkg) 10.000 10.000 10.000 10.000 10.000 10.000
a or dl dl dl dl dl dl dl
ACF 1.00D 1.000 1.000 1.000 1.000 1.000
adjustad valua (mglkg)" 10.000 10.000 10.000 10.000 10.000 10.000

113.Haxachloroathana
unadjusted valua (mglkg) 10.000 10.000 10.000 10.000 10.000 10.000
a or dl dl dl dl dl dl dl

ACF 1.000 1.000 1.000 1.00D 1.000 1.000

adjuatad valua (mg/kg)" 10.000 10.000 10.000 10.000 10.000 10.000

-
121.Naphthelana

unedjuated value (mglkg) 2.000 2.000 2.000 2.000 2.000 2.000
a or dl dl dl dl dl dl dl

ACF 1.000 1.000 1.000 1.000 1.000 1.000

adjusted velua (mglkg)" 2.000 2.000 2.000 2.000 2.000 2.000

• Accurecy Correction Factors ere presented In the Bsckground Document •
•• Adjusted value c (UnedJusted value) x (ACF)



Table D-8(Continued)

Calculation of BOAT Traatment StandarUe (Continued)
Waata Code: K019

(Rotary Kiln Inclnarator Ash Composition)

This tabla presants the cslculstlons of the corrected anelytlcel velues for the reguleted
constituents using the acurrecy correction fectors*(ACF). Nots that when e constituent ia not
detected in the esh tha unadjusted anelytlcal velue Is set equal to tha detaction limit.
Tha unedjusted analytical velues end dataction limits are lebalsd e end dl, raspectlvely.
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WASTE CHARACTERISTICS AFFECTING PERFORMANCE
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List of boiling points for constituents of interest. E-l

List of bond dissociation energies for constituents of interest. E-2



APPENDIX E

CONSTITUENT BOILING POINTS

Constituent Boiling Point (oC) Reference Number

7. Carbon tetrachloride 76.7-77 1
9. Chlorobenzene 13 1-132 1

12. Chloroethane 12-12.3 1
14. Chloroform 61-62 1
15. Chloromethane (-24)-(-23.7) 1
22. 1,1-Dichloroethane 57-57.3 1
23. 1,2-Dichloroethane 83-84 1

226. Ethyl benzene 136.25 1
4" 1,1,2,2-Tetrachloroethane 146.5-147 1
42. Tetrachloroethane 121 1
45. 1,1,1-Trichloroethane 74-74.1 1
46. 1,1,2-Trichloroethane 113-114 1
47. Trichloroethene • 86.7-87 1
68. Bis(2-chloroethyl)ether 178 1
70. Bis(2-ethylhexyl)phthalate 385 2
87. o-Dichlorobenzene 180.5-181 1
88. p-Dichlorobenzene 174-114.12 1
98. Di-n-butyl phthalate 340 1

109. Fluorene 295 1
110. Hexachlorobenzene 323-326 1
11" Hexachlorobutadiene 210-220 2
112. Hexachlorocyclopentadiene 234 2
113. Hexachloroethane 186.8-181 1
115. Hexachloropropene 209-210 3
12" Naphthalene 211.9-218 1
136. Pentachlorobenzene 215-211 2
137. Pentachloroethane 161-162 1
14" Phenanthrene 340 1
148. 1,2,4,5-Tetrachlorobenzene 246 2
150. 1,2,4-Trichlorobenzene 213 1

= Merck Index (Reference 15).

2 = Handbook of Environmental Data on Organic Chemicals (Reference 16).

3 = Handbook of Chemistry and Physics (Reference 11).

E-l



APPENDIX E

BOND DISSOCIATION ENERGIES

7.
9.

12.
14.
15.
22.
23.
41.
42.
45.
46.
47.
68.
70.
87.
88.
98.

109.
110.
111.
112.
113 .
115.
121.
136.
137.
141.
148.
150.

Constituents

Carbon tetrachloride
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
1,1-Dichloroethane
1,2-Dichloroethane
1,1,2,2-Tetrachloroethane
Tetrachloroethene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethane
Bis(2-chloroethyl)ether
Bis(2-ethylhexyl)phthalate
o-Dichlorobenzene
p-Dichlorobenzene
Di-n-butyl phthalate
Fluorene
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Hexachloropropene
Naphthalene
Pentachlorobenzene
Pentachloroethane
Phenanthrene
1,2,4,5-Tetrachlorobenzene
1,2,4-Trichlorobenzene

Bond Dissociation Energy

380
1320
665
385
395
675
675
665
465
670
670
481

1290
6565
1330
1330
4285
2740
1310
855

1020
655
710

2120
1320
660

2900
1320
1325

Sources:

Sanderson, R.T. Chemical Bonds and Bond Energy (Reference 14).
Langes's Handbook of Chemistry (Reference 12).
Handbook of Chemistry and Physics (Reference 17).

E-2



APPENDIX F

DETECTION LIMITS FOR UNTREATED WASTES

•



TABLE 6-2A: 11:019 WASTE BOAT LIST CONSTrnJENT DETECTION LIMITS [VOLATILES)

DETECTION LIMIT •• DETECTION LIMIT ••
BOAT CQlSTIllJ91T SAM PLE SET 11 SAMPlE SETS 12 TIiROUGH 16

VOLATILE CQlSTITU91TS: [ppm] [ppm]

1 Aceton; tri le 1000 10000
2 Aerolei n 10000 100000
3 Aerylon1 trile 1000 10000
4 Benzene 2000 2000
5 Branodf ehlorane thene 200 2000
a Branane thene 200 2000
7 Carbon tetrachloride 2000 2000
B Ca rban d1 gul rl de NA NA
9 Ch l crabe nzene 2000 2000

10 2-chlaro-1,3-butedfene 200 2000
11 Chl orodf branaae thane 200 2000
12 0, l 0 roe thene 200 2000
13 2-chloroethyl vi nyl ether NA NA .~

14 o,loraroMII "2000 2000
15 Chlara.thene 200 2000
18 3~laropropene 200 2000
17 1,2-Dfbrcmo-3-ehlo~p~pane 200 2000
18 1,2-D1bromoethane 200 2000
19 Of brCIIQlle thane 200 2000
20 Trane-1,4-dlehloro-2-butene 10000 10000
21 01 ehl orodi n uarallB thane 200 2000
22 1,1-D t ch loroethane 2000 2000
23 1 ,2-D1 ehloroe thene 2000 2000
24 1,1-DI ehloroethy lane 200 2000
25 Trens-1 ,2-df ehl eras thene 200 2000
28 1,2-D1chloropropene 500 5000
27 Trsns-1,3-d1ehlorop~pene 500 SOOO
28 e1s-1,3-Dtchloropropene SOO 5000
29 1 ,~1oxene NA NA
30 Ethy l eyen1 de 10000 100000
31 Ethyl _theerylat. 200 2000
32 Iodc.uhan. 200 2000
33 Isobutyl alcohol 200 2000
34 Methyl athyl ketOI18 1000 10000
38 Methyl _thaerylata 200 2000
37 M.thylacry lont trt la 1000 10000
38 Methylene chlortda 1000 10000
40 1,1,1,2-T.trechloroathan. 200 2000
41 f,1,2,2-Tetraehloraathan. 2000 2000
42 T.trechloroethane 2000 2000
43 Toluen. 200 2000
44 Tr1 br..lJIe thane 200 2000
4S 1,1 ,1-Tr1 ehloroethan. 200 2000
48 1,1,2-Tr1chloroethane 2000 2000
47 Trt ehloroethene 2000 2000
48 Tr1ehloromanofluoromathan. 200 2000
49 1,2,3-Tr1ehloropropane 500 SOOO

F-l



TPBLE 6-2A: 1(019 WASTE BOAT LIST CJNSTIllJENT DETECTION LIMITS (VOLATILES]

DETECTION LIMIT •• DETECTION LIMIT ••
BOAT CCNSTI1'1JENT SAMPLE SET '1 SAMPlE SETS '2 'THROUGH tl6

50 Vinyl chloride 200 2000
19 3-Chloropropionitrile + NA NA

• Acetone 1000 10000

• Allyl alcohol NA NA

• Ethy l ba nzs na 200 2000
• Ethylene oxide NA NA

• 2~exenone 1000 10000

• Mal ononi tri l a NA NA

• ~ethyl-2-pentanona 1000 10000

• 2-Propyn-1-ol NA NA

• S tyrena 200 2000

• Trichloromethanethiol NA NA

• Vi nyl aClltata 200 2000

• Xylene (total] 200 2000

NA The standard is not aveilable; tha compownd was searched ueing en NBS
11 bra ry dIItabase of 42 ,000 compounds.

• This constituent is not on tha list of constituents In tha GENERIC aUALITY
ASSURANCE PROJECT PlAN FOR UNO DISPOSAL RES"nIICTIlJiS PROGRAM ("BOAT"],
EPAl53D-SW-81-D11, March 1981. It Is a ground-watar monitoring constituant
as listsd In Appendix IX, Paga 26B39, of the FEDERAL REGISTER, Vol. 51, No. 142•

•• Sample set " wes diluted by a factor of ten, anelyzed, and quantlteted.
Even st this dilution, several target anelytes were outside tha cel1brstion
'ranga. These enalytes were quanti tatsd after reanelysi s of ths semple et s
dilution faetor of 100. The detection lillits for supls set '1 ara based
on the ten fector diluti on. Because sample set f2 through '6 wara silli lar
raetri ces to that r:st sample At f1, they were diluted by a rector of 100
before any anelysa. ware perform.d.

+ The cCJllpound appear. 1n ttla GENERI C auALITY ASSURANCE PRllJECT PLAH
as • sHivolatile constt tuent but waa enalyzed aa a volet1la constt tuent.
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TABLE 6-2B: K019 WASTE BOAT LIST CONSTIitlENT DETECTION LIMITS (NON-VOLATILES)

-
BOA T CONSTIitlENT OETECTION LIMIT BOAT CONSTITUENT OETECnON LIMIT

SEHI\IOLATILE CONSTIitlENTS: [PPIIIl SEMIVOLATILE CONSTITUENTS: (plJlIJ

36 Methyl ~ethanesulfon8te + 50 91 Oimethyl phthelete 10
39 I'yridine + 100 9B Of-n-bucyl phthalate 10
51 Acenaphthel ene 10 99 1,4-Dinitrobenlene 50
52 Acenllphthene 10 100 4,8-0initra-a-cresol 250
53 Acetophenone 10 101 2.4-Dfnitrophenol 250
54 2-Acetyllmlnofluorene NA 102 2.4-0fnltrotolullne 250
55 4-AIIII nobl phlny l 10 1032.6-Dlnltrotoluene 50
56 Aniline 25 104 Of-n-occyl phthalate 10
57 Anthrecene 10 105 Oi-n-propylnltrosoamine 25
5B Arlllli te NA 108 Of phanyluina 10
59 Benz(a]anthrIlC8ne 10 101 1,2-Dfphenylhydrazina 10
60 Banzllnethi ol NA 108 Fluoranthene 10

.~

61 Benzfdfne 10 .109 Fluorene 10
62 Benlo( a) pyrene 10 110 Healchlorobenzane 50
63 Banzo(b)fluorenthene NA 111 Hexechlorobutedfllne SO
84 Benza(g,h,l]perylene 25 112 Hexachlarocyclapentadfene 50
85 8enza(k)rluoranthene 10 113 Hexlchlaroethane 50
66 p-Senzoquinane NA 114 Hexechlorophene NA
61 Bfs(2-ehlara8thoxy)ethene 10 115 Hexachlarapropene 50
6B Bis(2-chlaraethyllether 10 116 InQino(1,2,3-ed)pyrene 10
69 Bls(2-chlaralsoprapyl)ether 10 111 Isasefrale NA
10 Bls(2-ethylhexyl]phthelete 10 118 Mathepyrilene NA
11 4-Bromophenyl phenyl ether 50 119 3-Methylcholenthrene NA
72 Butyl benzyl phthelete 10 120 4,4'-Methylenebis(2-chloraenlline) NA
13 2-sec-Butyl-4,8-dfnitraphenal NA 121 Naphthalane 10
14 p-Chloraenillne 2~ 122 1,4-NephthaqUinone 10
75 Chlorobenzi leu NA 123 1-Naphthyla.ine 10
16 p-Chlora-.-crelol 25 124 2-Nephthyl ..1ne 10
11 2-chlaranaphthelene 10 12~ p-Nftroenilfnl 50
7B 2-Chlarophenal 10 128 Nt trabe nzene 25
eo Chryeene NA 127 4-Nitrophenol 50
81 ortha-Cresol 10· 128 N-Nitrolodf-n-butyllllline 25
B2 pe r...Crlllal 10 129 N-N1trosodlethylemine 50
B3 Olbenz(e,h)enthrlcenl 10 130 N-NltrOlodf~thyluine 100
84 Olbenzo(l,e)pyrenl NA 131 N-Nftrosamethylethyll.ine NA
B5 Oibanzo(e.l)pyrlnl NA 132 N-Nttrolamorphalinl 50
8B .-Oichlarobenzlnl 10 133 N-Nltralopiplridtnl 50
~ a-Ofchloroblnzlnl 10 134 N-NttrOlopyrrolldtnl 50
BB p-Dichlorobanzlnl 10 135 S-Nttro-o-talufdlnl NA
89 3.3'-Dlchloroblnzldtne 50 138 PentachloroblnZlne SO
90 2,4-Dlchlarophlnol 2~ 131 Pentachlarolthene SO
91 2.6-Dichlorophlnol 2~ 138 Pentachloranftrabenzlne 50
92 Oflthyl phthlleta 10 139 Pentachlorophenol 250
93 3.3'-Dl ..thaxyblnzldinl SO 140 Phlnacetin 10
94 p-Ol methy lui nOlzobl nzenl 2~ 141 Phlnanthrenl 10
95 3,3'-DimlthylbenZidinl NA 142 Phenol 10
9B 2.4-Dlmethylphenal 25 143 2~icaltnl 100

F-3



TAOLE 8-2B: KQ19 WASTE BOAT LIST CONST:TUENT CETECTIO~I LIMITS [NO~I-VOLATILES)

====-==-===========================-
BOAT CONSTITUENT CETECTION LIMIT

SEMIVOLATILES [CONT!NUEO): [ppm)

144 Pr'onami de SO
145 Pyrllnll 10
146 Rtsorc; nol NA

. 147 SlIrrolll NA

148 1,2,4,5-TlItrllchlorobllnzlIne 25
149 2,3,4,6-TlItrllchlarophenol SO
150 1,2,4-Trichlaroblnzene 25
151 2,4,5-Trichlaraphllnal 50
152 2,4,S-Trichlorophenol SO
153 Tris(2,3-dibromoprapyl) phasphetl NA

• 7,12-0illlethylbenz[1I)anthracane 25
• alph,alpha-Oflllithylphenithyll.ini 50

• Benzoic Icid 250
• Benzyl Ilcahol 25
• 4-Chlarophenyl phanyl Itrlar 25
• Oiblnzafuran 10
• Ofbanza[a,hlpyrlnl NA
• Isapharanl 10
• 2-Methylnaphthalane 10
• 2-Nitraaniline 50
• 3-Nitraanilinl 50
• 2-tl1 t raphenal 50
• N-Ni trasadi phenyla.. ine 10

BOAT CONSTITUENT

METAlS:

154 Antimony
155 Arsani c
158 8ari UII

157 Be ry lli UIII

158 Ceani UIII

159 Chrollli um
159 ChrQllliulII, haxavalant

1BO CapPlr
181 Laad

182 Mercury
1B3 Nfckel
164 Sel.niull
185 Silver

·188 ThalliulII
187 Vanedi WI

168 Zinc

OTl1ER CONSTITUENTS:

189 Tatal Cyenidl [p~)

170 Fluori~ [pplII)
171 StIl fide (Pplll)

Chlorine [S)

PHYSICAL PARAMETERS:

OETECTION LIMIT

[ppm)

6

0.2
e.9
e.1
0.3

0.9
0.2

1
e.2

0.05
2

0.5
'0.9

0.2
2

0.8

0.5
5

50
0.3

•

+

AM Content (S) 0.01

H..tinll Vilue [Bt\&!lb] 100

Total SoUdl [I relidual] O.OS
Paint Filter Telt (I free liquid) 0.5

NA The standard 11 nat Iveillble. the co-pound .e••earched uaing an NBS l1brlry detabla. of 42,000
compoundl •

Thi. conat1tulnt 11 nat an the l1at of canetituenta 1n the GENERIC QUALITY ASSURANCE PROJECT PLAN
FOR ~O OI9POSAL RESTRICTIONS PRQiRAM ["BOAT"], EPAlS30-Slf-87-D11, March 1987. It 11 a ground_.ter
.onitar1nll conat1tulnt la l11ted 1n Append1. IX, Pagl 28839, of thl FEDERAL REGISTER, Val. 51, Na. 142.
The cCllpaund .ppear. 1n the GENeRIC QUALITY ASSURANCE PROJECT PLAN al I volatiLl canltituent but
.ea Inelyzad Ie I se.ivolet1l1 canlt1tuent.
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