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EXECUTIVE SUMMARY 

BOAT Treatment Standards for 

K048, K049, KOSO, K051, and K052 

In accordance with the amendments to the Resource Conservation and 

Recovery Act (RCRA) enacted in the Hazardous and Solid Waste Amendments (HSWA) 

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

best demonstrated available technology (BOAT) treatment standards for the 

listed wastes identified in 40 CFR 261.32 as K048, K049, KOSO, KOS1, and KOS2. 

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, 

1990. The Agency is granting a two-year nationwide variance to the original 

effective date because of the lack of nationwide incineration or solvent 

extraction capacity. 

This background document provides the Agency's rationale and te~hni

cal support for selecting the constituents to be regulated in K048, K049, 

KOSO, KOS1, and KOS2 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 variances may be 

warranted for a particular waste having the same waste code as one of the five 

wastes above but with characteristics such that the particular waste is more 
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difficult to treat than the waste for which the treatment standards have been 

established. 

The introductory section, (Section 1.0) swmnarizes the Agency's 

legal authority and promulgated methodology for establishing treatment stan-

dards and discusses the petition process necessary for requesting a variance 

from the treatment standards. The remainder of the document presents 

waste-specific information: the number and locations of facilities affected 

by the land disposal restrictions for K048, K049, KOSO, KOS1, and KOS2; the 

processes generating the wastes; characterization data; the technologies used 

to treat the wastes (or similar wastes); and available performance data, 

including data on which the treatment standards are based. The document also 

explains EPA's determination of BOAT, selection of constituents to be regu-

lated, and calculation of treatment standards. 

According to 40 CFR 261.32, waste codes K048, K049, KOSO, K051, and 

KOS2, which are generated by the petroleum refining industry, are listed as 

follows: 

K048: 

K049: 

KOSO: 

KOS1: 

KOS2: 

Dissolved air flotation (OAF) float from the petroleum 
refining industry; 

Slop oil emulsion solids from the petroleum refining 
industry; 

Heat exchanger bundle cleaning sludge from the petroleum 
refining industry; 

API separator sludge from the petroleum refining industry; 
and 

Tank bottoms (leaded) from the petroleum refining 
industry. 
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The four digit Standard Industrial Classification (SIC} code most often 

reported for the industry generating these wastes is 2911. The Agency esti

mates that there are approximately 193 facilities that may generate wastes 

identified as K048, K049, KOSO, K051, and K052. 

The Agency is regulating a total of twenty (20} organic constitu-

ents, five (5) metal constituents and one inorganic constituent in K048, K049, 

KOSO, K051, and K052 nonwastewaters and wastewaters. (For the purpose of the 

land disposal restrictions rule, wastewaters are defined as wastes containing 

• less than 1 percent (weight basis} total suspended solids and less than 1 

percent (weight basis} total organic carbon (TOC}. Wastes not meeting this 

definition are classified as nonwastewaters.} Note that not all constituents 

are being regulated in all five waste codes. The BDAT treatment standards for 

the organic constituents in nonwastewater forms of K048-K052 are based on 

performance data from solvent extraction and incineration. The BDAT treatment 

standard for the one inorganic constituent in nonwastewater forms of K048-K052 

is based on performance data from incineration. The BOAT treatment standards 

for metal constituents in K048-K052 nonwastewaters are based on performance 

data from a stabilization process. Standards for Naphthalene and Xylene in 

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

• The term "total suspended solids" (TSS} clarifies EPA's previously 
used terminology of "total solids" and "filterable solids". Specifically, 
total suspended solids is measured by method 209C (Total suspended solids 
dried at 103-105°C) in Standard Methods for the Examination of Water and 
Wastewater, American Public Health Association, American Water Works 
Association, and Water Pollution Control Federation, Sixteenth Edition. 
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the treatment of these constituents. For K048, K049, K050, K051, and K052 

wastewaters, the BOAT treatment standards for the organic constituents are 

based on performance data for the scrubber water residual from the fluidized 

bed incineration of K048-K052. Standards for metal constituents in K048-K052 

wastewaters are based on a transfer of data from treatment of K062 and 

metal-bearing characteristic wastes by chromium reduction, followed by lime 

and sulfide precipitation and vacuum filtration. Treatment performance data 

were transferred on a constituent basis from the same constituent. 

The following table lists the specific BOAT treatment standards for 

each of the five wastes. The treatment standards reflect the total concentra

tion of the regulated organic constituents and one regulated inorganic con

stituent in K048-K052 nonwastewaters and the total concentration of all 

constituents in K048-K052 wastewaters. The treatment standards for metal 

constituents in nonwastewaters are based on analysis of leachate obtained by 

use of the Toxicity Characteristic Leaching Procedure (TCLP) found in Appendix 

I of 40 CFR Part 268. The units for total constituent concentration are in 

mg/kg (parts per million on a weight-by-weight basis) for nonwastewater and in 

mg/l (parts per million on a weight-by-volume basis) for wastewater. The 

units for leachate analysis are in mg/l (parts per million on a weight-by

volume basis). If the concentrations of the regulated constituents in these 

wastes, as 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. 
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BOAT TREATMENT STANDARDS FOR K048, K049, K050, K051, AND K052 
NONWASTEWATERS 

Maximum for any single grab sample 

Total Concentration (mg/kg~ 
Regulated Organic Constituents K048 K049 K050 K051 K052 

Anthracene NA 6.2 NA 6.2 NA 
Benz(a)anthracene NA NA NA 1.4 NA 
Benzene 9.5 9.5 NA 9.5 9.5 
Benzo(a)pyrene · 0.84 0.84 0.84 0.84 0.84 
Bis(2-ethylhexyl)phthalate 37 37 NA 37 NA 
Chrysene 2.2 2.2 NA 2.2 NA 
o-Cresol NA NA NA NA 2.2 
p-Cresol NA NA NA NA 0.90 
Di-n-butyl phthalate 4.2 NA NA . 4.2 NA 
Ethyl benzene 67 67 NA 67 67 
Naphthalene Reserved Reserved NA Reserved Reserved 
Phenanthrene 7.7 7.7 NA. 1.1 . 7. 7 
Phenol 2.7 2.7 2.7 2.7 2.7 
Pyrene 2.0 2.0 NA 2.0 NA 
Toluene 9.5 9.5 NA 9.5 9.5 
Xylene (total) Reserved Reserved NA Reserved Reserved 

TCLP Leachate Concentration (mg/1) 
Regulated Metal Constituents K048 K049 K050 K051 K052 

Arsenic 0.004 0.004 0.004 0.004 0.004 
Chromium (total) 1. 7 1 . 7 1. 7 1. 7 1. 7 
Nickel 0.048 0.048 0.048 0.048 0.048 
Selenium 0.025 0.025 0.025 0.025 0.025 

Total Concentration (mg/kg) 
Regulated Inorganic Constituents K048 K049 K050 K051 K052 

Cyanide 1.8 1.8 1.8 1.8 1.8 

NA - Not Applicable. 
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BOAT TREATMENT STANDARDS FOR K048, K049, KOSO, K051, AND K052 
WASTEWATERS 

Maximum for any single grab sample . 

Total Concentration (mg/l) 
Regulated Organic Constituents K048 K049 KOSO K051 K052 

Acenaphthene NA NA NA 0.050 NA 
Anthracene NA 0.039 NA 0.039 NA 
Benz(a)anthracene NA NA NA 0.043 NA 
Benzene 0.011 0.011 NA 0.011 0 .011 
Benzo(a)pyrene 0.047 0.047 0.047 0.047 0.047 
Bis(2-ethylhexyl)phthalate 0.043 0.043 NA 0.043 NA 
Carbon disulfide NA 0.011 NA NA NA 
Chrysene 0.043 0.043 NA 0.043 NA 
o-Cresol NA NA NA NA 0.011 
p-Cresol NA NA NA NA 0.011 
2,4-Dimethylphenol NA 0.033 NA NA 0.033 
Di-n-butyl phthalate 0.060 NA NA 0.060 NA 
Ethyl benzene 0.011 0.011 NA 0.011 0. 011 
Fluorene 0.050 NA NA 0.050 NA 
Naphthalene 0.033 0.033 NA 0.033 0.033 
Phenanthrene 0.039 0.039 NA 0.039 0.039 
Phenol 0.047 0.047 0.047 0.047 0.047 
Pyrene 0.045 0.045 NA 0.045 NA 
Toluene 0.011 0.o11 NA 0 .011 0.011 
Xylene (Total) 0.011 0.011 NA 0.011 0.011 

Regulated Metal Constituents 

Chromium (total) 0.20 0.20 0.20 0.20 0.20 
Lead 0.037 0.037 0.037 0.037 0.037 

NA - Not Applicable. 
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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 Legal Background 

1.1.1 Requirements Under HSWA 

The Hazardous and Solid Waste Amendments of 1984 {HSWA), which wete 

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)(1), (g)(5), 42 U.S.C. 6924 (d)(1), (e)(1), 

(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(t)(2), 42 U.S.C. 6924 {t)(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)(1), 42 U.S.C. 6924 

(m)(1}). Wastes that meet treatment standards established by EPA are not 

prohibited and may be land disposed. In setting treatment standards for 

listed or characteristic wastes, EPA may establish different standards for 
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particular wastes within a single waste code with differing treatability 

characteristics. One such characteristic is the physical form of the waste. 

This frequently leads to different standards for wastewaters and nonwaste

waters. 

Alternatively, EPA can establish a treatment standard that is 

applicable to more than one waste code when, in EPA's judgment, all the waste 

can be treated to the same concentration. In those instances where a genera

tor can 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 "the earliest 

date on which adequate alternative treatment, recovery, or disposal capacity 

which protects human health and the environment will be available" (RCRA 

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

If EPA fails to set a treatment standard by the statutory deadline 

for any hazardous waste in the First Third or Second Third of the schedule 

(see Section 1.1.2), t~e waste may not be disposed in a landfill or surface 

impoundment unless the facility is in compliance with the minimum 
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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 Hay 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, 1986; 
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2. The "California List" must be promulgated by July 8, 1987; 

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

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

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

The statute specifically identified the solvent wastes as those 

covered under waste codes F001, F002, F003, F004, and FOOS; 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 May 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 BOAT 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 

Agency should be the best that has been demonstrated to be achievable," noting 

that the intent is "to require utilization of available technology" and not a 

"process which contemplates technology-forcing standards" (Vol. 130 Cong. 

Rec. 59178 (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, 51 FR 40588). EPA also will consider as treatment those 

technologies used to separate or otherwise process chemicals and other materi

als. Some of these technolo~ies 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 
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technologies for a waste because these technologies would not necessarily be 

"demonstrated." Nevertheless, EPA may use data generated at research facili

ties in assessing the performance of demonstrated technologies. 

As discussed earlier, Congress intended that technologies used to 

establish treatment standards under section 3004(m) be not only "demon

strated," but also available. To decide whether demonstrated 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 uased 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 purchas~d. 

(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 or 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 substan-

tial treatment of a waste, the Agency cannot establish treatment standards for 

the constituents of concern in that waste. 

1.2.3 Collection of Performance Data 

Performance data on the demonstrated available technologies are 

evaluated by the Agency to determine whether the data are representative of 

well-designed and well-operated treatment systems. Only data from well-

designed and well-operated systems are included in determining 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) Identifieation of Facilities for Site Visits. To identify 

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

of information sources. These include Stanford Research Institute's Directory 

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

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

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

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

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

ties for EPA to consider in its treatment sampling program. 

After identifying facilities that treat the waste, EPA uses this 

hierarchy to select sites for engineering visits: 

(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 related to the mixing of wastes 
before and during treatment. 

When possible, the Agency will evaluate treatment technologies using 

commercially operated systems. If performance data from properly designed and 

operated commercial treatment methods for a particular waste or a waste judged 

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

operations. Whenever research facility data are used, EPA will explain in the 

preamble and background document why such data were used and will request 

comments on the use of such data. 

Although EPA's data bases provide information on treatment for 

individual wastes, the data bases rarely provide data that support the selec-

tion of one facility for sampling over another. In cases where several 

treatment sites appear to fall into the same level of the hierarchy, EPA 

selects sites for visits strictly on the basis of which facility could most 

expeditiously be visited and later sampled if justified by the engineering 

visit. 

(2) Engineering Site Visit. Once a treatment facility has been 

selected, an engineering site visit is made to confirm that a candidate for 

sampling meets EPA's criteria for a well-designed facility and to ensure that 

the necessary sampling points can be accessed to determine operating parame-

ters and treatment effectiveness. During the visit, EPA also confirms that 

the facility appears to be well operated, although the actual operation 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 

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

to treat the various hazardous constituents of the waste, as well as to 

control other nonhazardous materials in the waste that may affect treatment 

performance. 

In addition to ensuring that a system is reasonably well designed, 

the engineering visit examines whether the facility has a way to measure the 

operating 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-87-011. In brief, the SAP discusses where the 

Agency plans to sample, how the samples will be taken, the frequency of 

sampling, the constituents to be analyzed and the method of analysis, opera

tional parameters to be obtained, and specific laboratory quality control 

checks on the analytical results. 
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The Agency will generally produce a draft of the site-specific 

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

draft of the SAP is then sent to the plant for review and comment. With 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 whether 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, where available, in its determination 

of what data to use in developing treatment standards. The methodology for 

comparing data is presented later in this section. 

(Note: Facilities wishing to submit data for consideration in the 

development of 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 with 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 conf i

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 FOOS. 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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Table l·l BOAT Constituent L1st 

BOAT 
,.eference P1l'amet1r Cu no. 

" 

Yg lat 1'11 

zzz. Acetone 67-64-1 
l. Aceton1tr1 le 75-05-8 
z. Acrole1n 107-02-8 
J. Acrylonitri le 107-13-1 
4. Benzene 71·43·2 
s. 8l'omoc:t1cnlorOlll9tn.n1 75-Z7-4 
6. Brano111tnane 74-83-9 
Z23. n-Butyl 1lconol 71-36-3 
1. Carbon .tetracnloru~ 56-23-5 
8. Carbon disulfide 75-15·0 
9. Chlorobenzene 108-90·7 
10. Z·Chloro·l.l·tluC•dlene 1Z&·99·8 
11. Chlorodtbra111:m1tnane 124-'8-1 
12. Chloroetnane 75-00-3 
13. 2-Chloroetnyl vinyl ether 110-75-8 
14. Chloroforw 67·66·3 
15. Chlon:mtnene 74-87-3 
16. 3-Chloropro,ene 107-05·1 
17. 1.2·0tbrG11D·l·cnloropf'01Nne 9&-12·1 
18. 1.2-0tbl'lllllDlthane 101-93-4 
19. Oibl"Olllm9thane 74-95-3 
20. Tran1·1.4•0tchloro•2·tiucene 110-57·6 
21. Oichlorodifluon:mthane 75-71-8 
22. 1.1-0tcnloroethane 75-34·3 
Zl. 1.2-0tchloroethane 107·0&•Z 
24. l.l·Otchloroethylene 75-35•4 
25. Tran1·1.2·01chloroethene 151-60-5 
21. 1.2-0tchloropropene 71·87-5 
21. Tran1•1,3·0tchloroprapene 10011-02-1 
21. ct1·1.3•01chloropropene 100ll·01·5 
29. l,4•0toune 123·91·1 
224. 2·£thosyetnano I 60-29·7 
zzs. Ethyl .Cltltl 141-78-6 
m. £thyl blflHM 100·41·4 
30. Ethyl cyanide 107·12·0 
227. Ethy 1 ether 60·29-7 
ll. Ethyl •thacTylate 97-63-2 
214. Ethyl- OSldl 75·Zl•t 
JZ. lodmltnane 74·11-4 
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Tab le l-1 (cont1nued) 

BOAT 
reference Parameter Cas no. 

" 
Vglat1les (cont1nued) 

33. I sobut y 1 • lcono 1 78-83· l 
zze. •etn•nol 67-56·1 
34. "9tny1 etnyl ketone 78-93-l 
ZZ9. "9tny1 isobutyl ketone 108-10·1 
35. "9tny1 1111thicryl•te 80-62-6 
37. "9thicrylon1tr1le 1Z6·98·7 
38. "9tnylene cnlor1de 75·09·2 
ZlO. Z·N1trooroi11ne 79-41·9 
39. Pyr1d1ne 110·8&-l 
40. l.l.l.Z·Tetr•cnloroethine 630·20·1 
•l. 1.1.Z.Z-Tetracnloroetn.ne 79·3•-I 
•2. Tetrachloroethen• 127-18·• 
43. Toluene 108-88-3 ... TribrCl!Cmthine 75·25·2 
45. l.l.l-Tr1cnloroethine 71-55•1 
46. 1.1.Z-Tricnloroethine 79-00-5 
47. Trichloroetnene 79·01·1 
48. Tr1cnlof'CllDflOfluor0111thlne 75-69·• 
49. 1.2.3-T ·icnlorQCJl'Ot)ine 91-18-4 
Zll. l.l.Z-Tricnloro-1.Z.Z·triflyaro· 76-13·1 

ethine 
so. Vinyl cnlor1ae 75-01-• 
zts. 1. Z-ly lene 97-47-1 
Zl6. 1. l·ly lene 108-31•3 
217. 1.4-lylene 101·44-5 

Seivql•ti 111 

51. Acen~nalene 208-H-1 
52. Ac1Nptlt,,.,,. 83-32·9 
53. Acat--- 91-88-2 
5'. 2-Acety1 .. 1nofly0rene 53-91-3 
55. 4•Allin0b ,.,.,.,,, 1 92-67·1 
SI. Ani hne 62-53-3 
57. Anthr•cene 120-12-7 
51. Ar•1te 140-57-1 
59. Benz(•)•ntnracene 51-55·3 
218. Benzel cnlor1de 98-17-3 
60. Benzenecn1ol lOl-91-5 
61. Deleted 
62. Benzo(•)pyrene 50-32-1 
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Table 1-1 (cont1nuld) 

BOAT 
reference Parameter CAS no. 
n 

Sen11¥olatiles (cont1nuld) 

63. 8enzo(b)f1uor1ntnene 205·99-Z 
6•. 8enzo(~n1)perylene 191-2•-z 
65. 8enzo(k)fluor1ntl'lene 207-08·9 
66. p-8enzoqu1none 106·51·• 
67. 8is(2·cnloroetnoxy)1111tn•n• 111-91·1 
68. 811(2-cnloroetnyl)etl'ler 111·'4·• 
69. 81s(2-cnloro1sopropyl)etner 39638-32-9 
70. 8is(Z-ethyll'lexyl)pntrial1te 117-81·7 
71. •-8ra111:1pt1enyl pl'lenyl ether 101-55·3 
72. Butyl benzyl phtftal1te 85-68-7 
73. Z-sec-8utyl·•.6·din1tropl'lenol 88·85·7 
7•. p-Chloroeni line 1011-'7·8 
75. Ch lorotienz 1 l1te 510·15•11 
76. p-Chloro-e-cresol 59-50-7 
11. Z-C:hloronallf!tftalene 91·51-7 
78. Z-Chloroptienol 95-57-8 
79. 3·Chlo"°"rost1on1tr1l1 542-76·7 
80". Chrysene 218-01-9 
81. ortho·Cresa 1 95-48-7 
82. ~r1-Craol 106-44·5 
232. Cyeloi.xanone 108·94·1 
83. Otbenz(1,h)anthr1cene 53-70·3 
8•. Dibenzo(1,e)pyrene 192-65-4 
85. DiblnZ0(1,i)pyrene 189-55-9 
86. nt-Otchlol'ODenzene 541·73-l 
87. o-Oichlol'ODenzene 95-50-1 
aa. p•Otchlorooenzene 101-41-7 
89. 3,3'-0ichloratienzid1ne 91-94·1 
90. 2,4-0tchloropttenOl 120-83·2 
91. 2,l•Otchlo"°""'"°l 87-65-0 
92. Otetft1l pMl'lllate 8'-61-2 
93. 3,3'-01119thoxybenzidlne 119-90-4 
9'. p-01 .. tny1 .. 1noazot1enzene 60-11·7 
95. 3,3'-0i .. thylbenz101ne 119-93-7 
91. 2.4-0t .. tft11p"'"91 105-87-9 
97. Ol•thyl pttthllate 131-11·3 
98. Dt-n·tlutyl phthllate 84-74•2 
99. l,4·01n1tratienzene 100-25-4 
100. 4,l-Olnitro-o•cr9901 534-52-1 
101. 2,4-0tn1tropnenol 51-21·5 
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Tab It 1 • l (cant1nutd) 

BOAT 
rtf trence Parameter CAS no. 
n 

S!!!!11vqlat1les (cant1nutd) 

lOZ. 2.4-Dinitrotoluene LZl-14-Z 
103. 2.6-Din1trotoluene &o&-zo-z 
104. 01-n-octyl gntnalate 117·8'-0 
LOS. Di-n-grooyln1tros11111nt 6ZL·64·7 
106. D1onenyl•1ne LZZ-39·4 
ZL9. Oignenyln1tros11111ne 86·30-6 
107. l.Z·Oiptlenylhydraz1ne lZZ-61-7 
108. Fluorantnene 206-44-0 
109. Fluorene 86-73-7 
110. Hexacnlorobenztne 118-74-l 
111. Hexacnlol'OOutaditn• 87-61-3 
112. Hex.cnlorocyclooent1d1tne 77-47-4 
113. ~nloroett\ane 67-72-l 
114. Hexac:tl lorooftene 70-30·4 
115. Hexactl loroprooene 1811-71-7 
116. !ncteno(l.Z.3-cd)pyrtne 193-39-5 
117. lsoufrole 1Z0·51·l 
118. ll'etNoyriltne 91-80-5 
119. 3·"9ttlylct'lolanthrene 56•49•5 
120. 4,4'•"9ttlylenet»lt 

(2-cnlaro.niline) 101-14•4 
36. ll'etl'lyl •tNnesulfonatt 66·27·3 
lZl. NaOf'ltNltne 91-20-3 
1Z2. 1.4· ... pl'ltt'laquinont 130-15·4 
lZJ. l-Naptltl'ly 1.,,.. 134-32·7 
124. 2•llaptttl'ly1.,,.. 91·59-8 
125. p·llttl'OUtline 100-01•1 
lZ&. llttraDenZ- 91•95·3 
1Z7. 4•11ttf'Qllften01 100•02·7 
121. ll•lltt'l'OSOdt·n·butyl•tne 924-11·3 
lzt. l·llttf'OIOdtetttyt .. 1ne 55-11·5 
130. Mttrot0d1•tl'ly l•1ne 62-75·9 
131. ll•llttf'OSCllltl'lyletl'lyl•tne 10595-95•1 
132. ll·llttrosamorpt'Oline 59·19·2 
133. ll•llttro'°"iperidtne 100·75·4 
13'. n•lttro'°"1rro1idtne 930-55·2 
135. 5•11ttro-o•toluidtne 99-15-1 
131. Penuctl loroOenzene 108-93-5 
137. Penttel'l loroechane 71-01·7 
131. Pentacl'l loron 1 troo.nz ... 82-11-1 
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T4ble l·l (continued) 

BOAT 
reference Parameter CAS no. 
n . 

S11111~olati lea (continued) 

139. Pentacnloropnenol 87·88·5 
140. Pnenacet1n 62·«·Z 
141. PnenantnreM 85·01·1 
142. Pnenol 108·95·2 
Z20. Pncnalic annydride 85-4'·9 
143. Z·Picoline 109·01-8 
14'. Pron•1de 23950·58·5 
145. Pyrene 129·00-0 
146. Resorcinol lOl-41-l 
1'7. Safrole 94-59-7 
1'8. 1.2.4.5-Tetracnlorobeniene 95.9,.3 
149. 2.l,4.l·Tetracnlo"°""9ftol 58·90-Z 
150. 1.2.4-Trichloroc.nzene 120-IZ·l 
151. 2.4.5-Trtc:nloraonenol 95-95•4 
152. Z.4.&·Trichlo~l 8l·Ol·Z 
153. Tr1s(Z.l·dtbn111DC1ropyl) 

pftoSpNte 121-72-7 

!!IWa. 

154. Antillllfty 74'0-38-0 
155. Arsentc: 74'0·31·2 
15&. 8ar11• 74'0-39-3 
157. Beryllium 74'0-41-7 
158. C.C.tum 74'0-'3-9 
159. Chra11 .. (total) 74'0-,7-32 
Z21. Chra1tum O•uv.1 .. t) 
160. COOll9I' 74'0-50-1 
161. Lead 7'39-92-1 
112. Mltrcury 7'39-97-6 
163. ltc:Ul 74'0-02-0 
18'. s.1 .. ; .. 7782·41•2 
185. Stlver 74'0·22·' 
181. Thell tum 74'0-Zl·O 
1•1. VaMdtum 74'0-12-Z 
181. Ztnc 74'0·81-1 

Ingrwn;ca 

169. Cyanide 57-12-5 
170. Fluoride lllM-41·1 
171. Swmde M91·Z5·1 
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Table 1-1 (cont1nued) 

BOAT 
reference Parameter CAS no. 
n . 

Ora1nochlor1ne pest1cides 

172. Aldc1n 309-00-2 
173. 111:1,,.·BHC 319·8•-6 
17•. beU·BHC 319-85-7 
175. delta·BHC 319-86-8 
176. g-·8HC 58-89-9 
177. Chlo~ne 57·7•-9 
178. ODO 72-5'·8 
179. ODE 72-55-9 
180. DOT 50-29-3 
181. Oieldrin I0-57-1 
182. Endelsu lftn 939·91·8 
183. EndDsu lfan It 33213-1-5 
18•. Ende in 72-20·8 
185. Endcin el~ 7•21-93·4 
186. HIOtachlor 71-4'·8 
187. HIOtachloc eposide 1024-57-3 
181. lsodrin '85·73-1 
189. Kaoane 143·50·0 
190. "9thmlyclor 72-•3·5 
191. ToxtpNtle 8001-35·2 

Pbsng1yes1t1c tsid "'cp1cjd!• 

192. 2.4-0ichloc..,.io1yec1tic tCid 9'-75-7 
193. Si lvex 93-72-1 
19•. 2.4.5•T 93•71·5 

ACM!!Mhp!nrqu• insgticidp 

195. Dtsulfotan 291.04., 

lH. F ..... r 52-85·7 
197. Mettt, 1 ~rttlttan 291·00·0 
191. P1r1tlttan 56-31·2 
191. Phorttl 291-02·2 

9 

200. Aroc: lor 1011 12174·11·2 
201. Aroc:lor 1221 11104•21-Z 
zoz. Aroc: lor 1232 111'1·11·5 
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Table 1-1 (continued) 

BOAT 
reference Parameter CAS no. 
n . 

PCBs !cqntinu!dl 

203. Aroclor 12•2 53•69-21-9 
ZO•. Aroc lor 12'8 12&72·Z9·6 
zos. Aroclor 125• 11097-69·1 
206. Aroclor 1260 11096-82-5 

D19x1ns tnQ furans 

207. He•acnlorodibenzo-p·dio•in1 
zoa. Hexacnlorod1t1enzofuran1 
209. Pentacnlorod1ti.nzo•p•dio•1n1 
ZlO. Pent1cnlorodlbeft1ofur1ns 
Zll. Tetr1cnlorodtbeftzo-p-d10•1n1 
212. Tetr1cnloroditleftzofur1n1 
213. 2.3.7.8-Tetrachlorodibenzo·p-dioxin 11•1-01-1 
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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. For example, since the list was pub

lished in March 1987, 18 additional constituents (hexavalent chromium, xylenes 

(all three' isomers), benzal chloride, phthalic anhydride, ethylene oxide, 

acetone, n-butyl alcohol, 2-ethoxyethanol, ethyl acetate, ethyl 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 F003 and FOOS 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. Ho~ever, 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. s·tandards 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 
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.· 
(relative to analyses performed to test treatment technologies) because of the 

extreme unlikelihood that the constituent will be present. 

In selecting constituents for regulation, the first step is to 

summarize all the constituents that were found in the untreated waste at 

treatable concentrations. This process involves the use of the statistical 

analysis of variance (ANOVA) test, described in Section 1.2.6, to determine if 

constituent reductions were significant. The Agency interprets a significant 

reduction in concentration as evidence that the technology actually "treats" 

the waste. 

There are some instances where EPA may regulate constituents that 

are not found in the untreated waste but are detected in the treated residual. 

This is generally the case where presence of the constituents in the untreated 

waste interferes with the quantification of the constituent of concern. In 

such instances, the detection levels of the constituent are relatively high, 

resulting in a finding of "not detected" when, in fact, the constituent is 

present in the waste. 

After determining which of the constituents in the untreated waste 

are present at treatable concentrations, EPA develops a list of potential 

constituents for regulation. The Agency then reviews this list to determine 

if any of these constituents can be excluded from regulation because they 

would be controlled by regulation of other constituents in the list. 
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EPA performs this indicator analysis for two reasons: (1) it reduces 

the analytical cost burdens on the treater and (2) it facilitates implementa

tion of the compliance and enforcement program. EPA's rationale for selection 

of regulated constituents for this waste code is presented in Section 6.0 of 

this background document. 

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

the 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 c~ntrol 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 ANOVA 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 TCLP analyses 

of the treated waste as a measure of technology p~rformance. EPA's rationale 

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

discussion. 

ror all organic constituents, EPA is basing the treatment standards 

on the total constituent concentration found in the treated waste. EPA based 

its decision on the fact that technologies exist to destroy the various 

organics compounds. Accordingly, the best measure of performance would be the 

extent to which the various organic compounds have been destroyed or the total 

amount of constituent remaining after treatment. (NOTE: EPA's land disposal 

restrictions for solvent waste codes F001-F005 (51 FR 40572) use the TCLP 

value as a measure of performan~e. At the time that EPA promulgated the 

treatment standards for F001-F005, 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 CANOVA) 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 Agency finds 

that the levels of performance for one or more technologies are not statisti

cally different, EPA averages the performance values achieved by each technol

ogy and then multiplies this value by the largest variability factor associ

ated with any of the acceptable technologies. A detailed discussion of the 

treatment selection method and an example of how EPA chooses BOAT from multi

ple treatment systems is provided in Section A-1. 

(3) guality 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 calculati~n 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 for an isomer, then the spike recovery data are 
transferred from the isomer and the data are adjusted using the 
percent recovery selected according to the procedure described 
in (1) above. 

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

The analytical procedures employed to generate the data used to 

calculate the treatment standards are listed in Appendix B of this document. 
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In cases where alternatives or equivalent procedures and/or equipment are 

allowed in EPA's SW-846, Third Edition (November 1986) methods, the specific 

procedures and equipment used are also documented in this Appendix. In 

addition, any deviations from the SW-846, Third Edition, methods used to 

analyze the specific waste matrices are documented. It is important to note 

that 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 ex~ple, 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 to.ta! filter
able solids) would have to meet the treatment standard for 
wastewaters. EPA wishes to make clear that this approach is 
not meant to allow partial treatment in order to comply with 
the applicable standard. 

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

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

question as to the applicability of the BOAT treatment standards to residues 

generated not from treating the waste (as discussed above), but from other 

types of management. Ezamples 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)(i)) 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 exception of contaminated soil and debris for which the Agency is 

currently investigating whether it is appropriate to establish a separate 
. 

treatability subcategorization). For the most part, these residues will be 

less concentrated than the original listed waste. The Agency's treatment 

standards also make a generous allowance for process variability by assuming 

that all treatability values used to establish the standard are lognormally 

distributed. The 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 haa been asked if and when residues from managing hazard-

ous wastes, such as leachate and contaminated ground water, become subject to 

the land disposal prohibitions. Although the Agency believes this question to 

be settled by existing rules and interpretative statements, to avoid any 

possible confusion the Agency will address the question again. 
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Residues from managing First 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 



listed hazardous waste that these residues ~ontain 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 

cas~s where the untested wastes are generated from similar industries, have 

similar processing steps, or have similar waste characteristics affecting 

performance and treatment selection. Transfer of treatment standards to 

similar wastes or wastes from similar processing steps requires little formal 

analysis. However, in a case where only the industry is similar, EPA more 

closely examines the waste characteristics prior to deciding whether the 

untested waste constituents can be treated to levels associated with tested 

wastes. 

EPA undertakes a two-step analysis when determining whether wastes 

generated by different processes within a single industry can be treated to 

the same level of performance. First, EPA reviews the available waste charac

teristic data to identify those parameters that are expected to affect 
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treatment selection. EPA has identified some of the most important 

constituents and other parameters neQ1ed 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. 

ted to: 

Petitioners should submit at least one copy to: 

The Administrator 
U.S. Environmental Protection Agency 
401 M Street, S.W. 
Washington, DC 20460 

An additional copy marked "Treatability Variance" should be submit-
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Chief, Waste Treatment Branch 
Office of Solid Waste (WH-565) 
U.S. Environmental Protection Agency 
401 M Street, S.W. 
Washington, DC 20460 

Petitions containing confidential information should be sent with 

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

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

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

FR 4000). 

The petition should contain the following information: 

1. The petitioner's name and address. 

2. A statement of th~ 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 guid~nce for 
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determining the design and operating parameters that the Agency 
used in developing treatment standards.) 

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

8. A description of those parameters affecting treatment selection 
and waste characteristics that affect performance, including 
results of all analyses. (See Section 3.0 for a discussion of 
waste characteristics affecting performance that the Agency has 
identified for the technology representing 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 technique~ 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 evalua~e the waste to determine if the waste matrix and/or 
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physical parameters are such that the BOAT treatment standards reflect 

treatment of this waste. Essentially, this latter analysis will con.cern 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 Amend-

ments (HSWA) specify dates when particular groups of hazardous wastes are 

prohibited from land disposal. The amendments also require the Environmental 

Protection Agency to establish treatment standards for each waste that, when 

met, allow that waste to be land disposed. Wastes generated by the refining 

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

Agency. The purpose of this section is to describe the industry affected by 

the land disposal restrictions for petroleum refining wastes and to present 

available characterization data for these wastes. 

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

identified as K048, K049, KOSO, K051, and K052 are specifically generated by 

the petroleum refining industry and are listed as follows: 

K048: 

K049: 

K050: 

K051: 

K052: 

Dissolved air flotation (OAF) float from the petroleum 
refining industry; 

Slop oil emulsion solids from the petroleum refining 
industry; 

Heat exchanger bundle cleaning slµdge from the petroleum 
refining industry; 

APl separator sludge from the petroleum refining industry; 
and 

Tank bottoms (leaded) from the petroleum refining 
industry. 

The Agency has determined that these wastes (K048-K052) represent a 

separate waste treatability group based on their similar physical and chemical 
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characteristics. Additionally, the Agency expects that these wastes will 

typically be mixed prior to treatment. As a result, EPA examined the specific 

similarities in waste composition, applicable and demonstrated treatment 

technologies, and attainable treatment performance in order to support a 

single regulatory approach for all five petroleum refinery wastes. 

2.1 Industry Affected and Process Description 

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

identified as K048, K049, K050, K051, and K052 are specifically generated by 

the petroleum refining industry. The four digit Standard Industrial Classifi

cation (SIC) code most often reported for the petroleum refining industry is 

2911. The Agency estimates that there are approximately 193 facilities that 

may produce the listed wastes K048, K049, KOSO, K051 and K052. Information 

from trade associations provides a geographic distribution of the number of 

petroleum refineries across the United States. Table 2-1 lists the number of 

facilities by state. Table 2-2 summarizes the number of facilities for each 

EPA region. Figure 2-1 illustrates the geographic distribution of petroluem 

refineries on a map of the United States. 

The petroleum refining industry consists of individual facilities 

that convert crude oil into numerous products including gasoline, kerosene, 

fuel oils, lubricating oils, petrochemical feedstocks, and miscellaneous 

byproducts. Petroleum refineries range in complexity and size from small 

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

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

·. Idaho (X) 
Illinois ( V} 
Indiana (V) 
Iowa (VII) 
Kansas ( VII ) 
Kentucky (IV) 
Louisiana (VI) 
Maine (I) 
Mary land ( II I } 
Massachusetts (I) 
Michigan (V} 
Minnesota (V) 
Mississippi (IV) 
Missouri (VII) 

Table 2-1 

FACILITIES PRODUCING K048-K052 WASTES BY STATE 

Number of 
Facilities 

2 
6 
1 
4 

29 
2 
0 
1 
0 
1 
2 
2 
0 
7 
4 
0 
7 
2 

18 
0 
0 
0 
4 
2 
5 
0 

State 
(EPA Region) 

Montana (VI II) 
Nebraska (VII) 
Nevada (IX) 
New Hampshire (I) 
New Jersey (II) 
New Mexico (VI) 
New York (II) 
North Carolina (IV) 
North Dakota (VIII) 
Ohio (V} 
Oklahoma (VI) 
Oregon {X) 
Pennsylvania (III) 
Puerto Rico (II) 
Rhode Island (I) 
South Carolina (IV) 
South Dakota (VIII) 
Tennessee (IV) 
Texas (VI) 
Utah (VIII) 
Vermont (I) 
Virginia (III) 
Virgin Islands (II} 
Washington (X} 
West Virginia (III} 
Wisconsin (V) 
Wyoming (VII I} 

Number of 
Facilities 

5 
0 
1 
0 
6 
3 
0 
0 
2 
5 
6 
1 
8 
1 
0 
0 
0 , 

31 
6 
0 , 
1 
7 
2 
1 
6 

Reference: cantrell, Allleen. "Annual Refining Survey." Oil and Gas Journal. 
Vol. 83, No. 13. March 30, 1987. 
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Table 2-2 

FACILITIES PRODUCING K048-K052 WASTES BY EPA REGION 

Totals by Region 
EPA Number of 

Region Facilities 

I O 
II 8 
III 12 
IV 13 
v 23 
VI 62 
VII 7 
VII I 21 
IX 33 
x 14 

TOTAL 193 

Reference: Cantrell, Ailleen. "Annual Refining Survey." 011 and Gas Journal. 
Vol. 83, No. 13. March 30, 1987. 
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the United States. A number of unit operations are used in the refining of 

crude oil. The unit operations employed at an individual refinery depend upon 

the type of crude oil processed; the size, location, and age of the facility; 

and the market for the petroleum products. 

The initial processing unit operation at a refinery and the only 

unit operation that is used at every refinery is distillation of the crude 

oil. Distillation separates the raw material (crude oil) into several streams 

with different boiling point ranges, including light gaseous streams, gaso

line, diesel oil, furnace oil, and heavy ends. Generally, the different 

streams are further processed to produce finished petroleum products. 

The light gaseous streams are usually burned in process heaters or 

boilers to provide heat or steam for the refinery. The heavier gaseous 

products, propane and butane, are liquefied and sold as products. The gaso

line stream is further treated at the refinery to improve its octane rating to 

allow it to be burned in modern automobile engines. Downstream unit opera

tions such as isomerization or catalytic reforming are used to increase the 

octane rating to the desired specifications. The diesel and furnace oil 

streams are processed to. remove undesirable sulfur compounds. The heavier or 

higher boiling streams can either be processed into lighter products or made 

into lubricating or specialty oils. Fluid catalytic cracking units, hydrogen 

cracking units, and coking units can be used to convert the heavier distilla

tion products into gases, gasolines, fuel oils, and petroleum coke. For 

producti.on of lubricating oils., the heavy distillation products are dewaxed, 
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solvent-refined, or hydrogen-treated. · It is possible to make a wide range of 

miscellaneous products at a petroleum refinery, including aromatic organic 

compounds (benzene, toluene, and xylene), greases, waxes, and asphalt. Many 

additional unit operations (separation steps) are required to manufacture this 

wide variety of products. 

Wastes are generated by the various operations conducted by the 

refining industry. The generation of K048-K052 is depicted in Figure 2-2. 

Wastewaters are generated throughout the refining process and are 

commonly treated at wastewater treatment facilities within the refineries. 

The listed wastes K048, K049, and K051 are generated as residuals from waste

water treat~ent operations. A list of unit operations typically found in the 

petroleum refining industry and the types of wastewater generated by these 

operations is presented in Table 2-3. In distillation operations, steam is 

sometimes injected into the columns to facilitate the separation. The con

densed steam forms a wastewater stream containing oil. Steam is also used to 

produce the vacuum conditions under which some unit operations are conducted. 

Again, the steam condenses to form a wastewater in which oil is a contaminant. 

Another source of wastewater is the water that is present in the crude oil 

when it arrives at the refinery. These sources of wastewater, along with any 

cooling water that contains oil, make up most of the flow to a refinery's 

wastewater treatment plant. 
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Table 2-3 

GENERATION OF WASTEWATERS IN THE PETROLEUM REFINING INDUSTRY 

Unit ooeration 

Desalting 

Fractionation: 
vacuum, atmospheric 
flash, distillation 

Cracking: catalytic, 
visbreaking, thermal, 
hydrocracking 

Reforming 

Alkylation 

Hydrotreating 

Polymerization 

Isomerization 

Function 

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

Separate constituents of 
crude oil 

Convert heavy oil fractions 
into lighter oil fractions 

Convert naphthas to finished 
high-octane gasoline 

Convert gaseous hydrocarbons 
to high-octane fuel 

Saturate olef ins and remove 
contaminants such as sulfur, 
nitrogen and oxygen compounds 

Convert olef ins to high-octane 
gasoline 

Convert light gasoline 
materials into high-octane 
isomers for fuel 
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Waste generated 

Desalting sludge; 
desalter brine 

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

Wastewater from over
head accumulators and 
steam strippers 

Wastewater from over
head accumulators on 
stripping towers. 

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

Wastewater from over
head accumulators on 
fractionators and steam 
strippers; sour water 
stripper bottoms 

Wastewater from caustic 
scrubbers and pretreat
ment washwater towers 

Wastewater from leaks 
and spills 



Table 2-3 (continued) 

GENERATION OF WASTEWATERS IN THE PETROLEUM REFINING INDUSTRY 

Unit operation 

Solvent refining 
and extraction of 
oil stocks 

Dewaxing 

Coking 

Aromatic 
extraction 

Deasphalting 

Drying and 
sweetening 

Grease 
manufacture 

Lubricating 
oil finishing 

Hydrogen 
manufacture 

Function 

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

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

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

Recovery of benzene, toluene, 
and xylene from gasoline 
stocks 

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

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

Produce wide range ~r lubri
cating greases 

Produce motor oils and lubri
cating greases 

Produce hydrogen needed for 
refining processes 
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Waste generated 

Wastewater from bottom 
of fractionation towers 

Wastewater from leaks 
and spills 

Cutting water blowdown; 
fractionation section 
overhead accumulator 
waters 

Wastewater from over
head accumulator on 
stripping towers and 
condensers 

Sour water from over
head condensers on 
steam strippers; spills 

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

Wastewater from leaks 
and washing of batch 
process units 

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

Wastewater from desul
fur izat ion unit 



Table 2-3 (continued} 

GENERATION OF WASTEWATERS IN THE PETROLEUM REFINING INDUSTRY 

Unit operation 

Storage tanks 

Sulfur recovery 

Blending and 
pacKaging 

Cooling water 
system 

Surface and 
storm water 
collection 

Utilities 

Marine terminals 

General 
wastewaters 

Sources: 

Function 

Storage of crude oil, inter
mediates, and final products 

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

Produce and package final 
products 

Heat exchanger operation 

Treatment of storm and 
surface drainage 

Steam and electricity 
generation 

Load and unload marine vessels 
with crude oil and refined 
products 

Maintenance 

Waste generated 

·Settled water and 
sludge from tank 
bottoms and cleaning 

Spent caustics; spent 
amine solution; spent 
stretford solution 

Wastewater from tank 
wash; vessel cleaning 
water 

Slowdown from cooling 
tower systems; once
through cooling water 

Wastewater from storm 
and surface drainage 

Boiler blowdown 

Ballast water 

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

Jacobs Engineering Company, Assessment of Hazardous Waste Management, 1967 
(Reference 3) • 

Jones, H.R. Pollution Control (Reference 11) 
Gloyna and Ford, Characteristics and Pollutional Problems (Reference 12). 
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Some wastewater treatment operations are common to most wastewater 

treatment facilities within petroleum refineries. Oil and solids are 

separated from the wastewater in gravity separators. Operations such as air 

flotation can be used to further enhance oil removal from wastewater. 

Aeration and biological activity are then used to reduce the organic content 

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

Dissolved air flotation (OAF) is used by petroleum refineries for 

separating suspended and colloidal materials from process wastewater. The OAF 

unit separates oily wastes and suspended solids from water by introducing tiny 

air bubbles into the water. The bubbles become attached to the oil droplets 

and suspended solids that are dispersed through the wastewater. The resultant 

oil/air bubbles rise through the wastewater and collect on the water's sur

face, where they are removed by surface-skimming devices. 1ne material 

skimmed from the surface, referred to as "OAF float", is the listed waste 

K048. Some settling of solids in the OAF unit may occur, resulting in the 

generation of a solids residual during unit cleanout. 

Process wastewater from refining operations is, in many cases, 

treated in an oil/water/solids separator where the waste separates by gravity 

into a multiphase mixture. The skimmings from the primary separator generally 

consist of a three-phase mixture of water, oil, and an emulsified (insepara

ble) layer. These skiDlllings are collected in a "slop oil system" where the 

three phases are separated. The emulsified layer is the listed waste K049. 

Heat exchangers are utilized throughout petroleum refining pro

cesses. Bundles (groupings of tubes) from these heat exchangers are periodi-
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·cally cleaned to remove deposits of scale and sludge. ~epending upon the 

characteristics of the deposits, the outsides of the tube bundles may be 

washed, brushed, or sandblasted, while the tube insides can be wiped, brushed, 

or rodded out. The solids or sludge resulting from this cleaning operation 

form the listed waste KOSO. 

API separators are used in petroleum refining operations to remove 

floating oil and suspended solids from the wastewater. In an API separator, 

oily wastewater enters one end of a rectangular channel, flows through the 

length of the channel, and discharges at the other end. A sufficient resi

dence time is prov'ided to allow oil droplets to float and coalesce at the 

surface of the wastewater. An oil skiDBDer is provided near the end of the 

separator to collect floating oil. Solids that have settled out of the water 

are scraped along the channel bottom to a sludge collecting hopper. 1he API 

separator sludge is the listed waste K051. 

Leaded petroleum products are stored in tanks after being separated 

in distillation columns. As cooling occurs, water separates from the hydro

carbon phase and is drained into the refinery wastewater system. Solids form 

as corrosion products in the storage tank. These solids are periodically 

removed during tank cleaning, generating the listed waste K052. 

2.2 Waste Characterization 

The approximate concentrations of major constituents comprising 

K048-K052 are included in the following table. The percent concentrations 
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tions in the wastes were estimated using available chemical analyses. Cal cu-

lations supporting these estimates are presented in Appendix 8. 

Concentration 
Constituent K048 K049 K050 K051 K052 
Water 81 so 44 70 -;a 
Oil and grease 12 39 8 13 13 
Dirt, sand, and other solids 6 10 47 16 68 
BOAT List constituents < 1 < 1 < 1 < 1 < 1 

Total 100% 100% 100% 100~ 100~ 

BOAT List constituents (organics and inorganics) cumulatively comprise less 

than one percent of each waste stream. Tables 2-4 through 2-8 present, by 

waste code, the ranges of BOAT List constituents (volatiles, semivolatiles, 

metals, and other inorganics) and other parameters identified as present in 

individual K048-K052 wastes. Presented in Table 2-9 are characterization data 

for various mixtures of K048, K049, KOSO, K051, and K052 wastes and 

unspecified refinery wastes. The data presented in these tables were obtained 

from a variety of sources including literature, and sampling and analysis 

episodes. Each waste contains mono- and polynuclear aromatic compounds such 

as toluene, xylene, phenol, naphthalene, phenanthrene, and pyrene. The wastes 

also contain metals including arsenic, chromium, lead, nickel, selenium, 

vanadium, and zinc. Additionally, the wastes are characterized by high 

concentrations of filterable solids. 

2.3 Determination of Waste Treatability Group 

Fundamental to waste treatment is the concept that the type of 

treatment technology used and the level of treatment achieved depend on the 

physical and chemical characteristics of the waste. In cases where EPA 
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believes that constituents present in wastes represente(f by different codes 

can be treated to similar concentrations by using the same technologies, the 

Agency combines the codes into one treatability group. 

The five listed wastes from the petroleum refining industry 

(K048-K052) are generated by the treatment of refinery process wastewaters, 

from heat exchanger cleaning, and from product storage operations. 

Specifically, K049 (slop oil emulsion solids) is generated by the treatment of 

refinery process wastewaters, as are K048 (OAF float) and K051 (API separator 

sludge). K050 (heat exchanger bundle cleaning sludge) is generated within a 

refinery by the cleaning of heat exchangers. Heat exchangers are used 

throughout the refining process to provide the heat exchange between refinery 

process streams. K052 (leaded tank bottoms) is generated within a refinery by 

the storage of leaded petroleum products. 

These refinery process wastes contain the same types of 

constituents, as shown on Tables 2-4 through 2-9, and are expected to be 

treatable to similar levels using the same technology. The wastes in this 

treatability group are comprised of water, oil and grease, dirt, sand and 

other solids, and organic and metal BOAT List constituents. Typically, 

organic constituents present in these wastes are mono- and polynuclear 

aromatic compounds such as toluene, xylene, phenol, naphthalene, phenanthrene, 

and pyrene. Metal constituents present in these wastes include arsenic, 

chromium, lead, nickel, selenium, vanadium, and zinc. Although the 

concentrations of specific constituents will vary from facility to facility, 

all of the wastes contain similar levels of BOAT List organics and metals and 
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have high filterable solids content. Additionally, th~ Agency expects that 

these wastes will typically be mixed and treated together in the same 

treatment system. 

Based on a careful review of the generation of these wastes and all 

available data characterizing these wastes, the Agency has determined that 

these wastes (K048-K052) represent a separate waste treatability group, due to 

the fact that all of these wastes are generated by the refining process, and 

the belief that constituents present in these wastes can be treated to similar 

concentrations using the same technologies. As a result, EPA has developed a 

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

AVAILABLE CHARACTERIZATION DATA FOR K048 

(a) (b) (c) 
Untreated waste concentration, lppm) 

(d) (e) (t) Source of Data: 

OOAT LIST ORGANICS 

Volatiles 
4. Benze1le 

21. Olchlorodl-

226. 
43. 

215-
217. 

fluoromethane 
Ethyl benzene 
Toluene 

Xylene (total) 

Sernlvolatlles 
62. Benzo(a)pyrene 
70. Bls(2-ethylheayl) 

phthalate 
80. · Chrysene 
98. 01-n-butvlphthalate 

109. f luorene 
121. Naphthalene 

Phenathrene 
Phenol 

14 I. 
142. 
!45. Pyrene 

OOAT LIST METALS 

154. 
155. 
156. 
157. 
158. 
159. 
160. 
161. 
162. 

Ant lmony 
Arsuntc 
Barium 
Dery I 1 lum 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 

(total) 

<14 
<14-310 

<14-120 
22-120 

<14-120 

<20 0.004-1. 75 
<20-59 

<20-22 
67-190 
31-32 
93-110 

77-86 
<20 3.0-210 

31-35 

<6-7 
4.9-6.1 0.05-10.5 <3.0 

59-67 172-349 
<O. I 0.0012-0.25 

0.4-0.7 <0.25 
810-960 28-260 I ,057-3,435 270-560 

47-56 0.05-21.3 
330-410 2.3-1,250 1.6-450 4.9-33 

0.11-0.16 0.07-0.89 1-2 

(a) U.S. EPA, Amoco Onslte Engtneertng Report, February 29, 1988 (Reference 6). 

0.04-0.11 

0.05-13.8 

(bl Jacobs Engineering Company, Asaes~ment of Hazardous waste Practices, 1976 (Ruference 3). 
(c) Oellstlng petition 1386 (Reterence 17). 
(di Delisting petition 1469 (Reference 20). 
(el Oellstlng petition 1421 (Reference 19). 
(f) Oelistlng petition 139ti (Reterence 18). 
(9) U.S. EPA, Amoco Onsite En9lneeri119 Report, July 15, 1908 (Reterence 8). 

Oat a are. not aval I able tu1 this co11sl I tuent. 

2.5-10.94 

6.5-73 

I :.t - I ti <14-lb 
< 14 -:J l U 

4:l-46 <14-120 
130· 150 22-150 

150-170 <14-170 

0.1104-1. 75 
<l0-59 

'-O.titi-59 '-O.titi·-59 
67-190 

•O.titi-58 .:O.titi-51:1 
4?!:fO-J50 9J-:.t5ll 
160- 190 77 - 190 

3.0-210 
70-93 31-9:.t 

4.4·5.lJ 4.4 7 
2.9-3.9 0.05··10.5 

43.0-47.ll 4:L 0 -59 
0. 19-0.114 0,001:!·0.l:I~ 

<O. 25 -0. I 
180.0-190.U 0.04-3,4:!5 
21.0-:.tO.O 0.05·5ti 

170··180 0.05· I, :l5u 
•0.05-0.2ti <0.05-0.1:19 
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Table 2-~ ~Continued) 

AVAILABLE CHARACTERIZATION DATA FOR K0~8 

Sourc• of Dates 

BOAT LIST METALS (Cont.) 

163. Nickel 
164. Sel•n\um 
165. St Ivar 
167. Vanadtum 
168. Zinc 

BOAT LIST JNORGANICS 

169. Cyantd• 
170. fluoride 
I 1 I . Sulftd• 

OTHER PARAMETERS 

Ftlt•rable •olfd• (") 
0\1 and gr•••• content (S) 

Water content (") 

• 

13-16 
7.6-\1 

<0.8 
370-460 
380-460 

<0.1-1.0 

130-2800 

b 

0.025-15 
0. 1-4. 2 

0. 0013-2. 8 
0.05-0.15 

10-1825 

0.01-1.1 

c 

4-6 
<0.3 

Untreated waate concentration ( m 
d e (f) 

4-6 
<0.3 

(a) U.S. EPA, Amoco On•tte Engtnaartng Report, February 29, 1988 (Reference 6). 
{h) Jacob• Engtn••rtng Company, Aa•ea•ment of Hazardou• Waat• Practtc•a, 1976 (Reference 3). 
(c) Oeltsttn~ petttton •386 (Raf•rance 17). 
(d) D•llattng P•tttton •469 (Raf•rance 20). 
(•) Oelt•ttng p•tttton •421 (A•f•r•nce 19). 
(f) Deltatlng P•tttton •396 (Aaf•r•nce 18). 
:g) U.S. EPA, Amoco Onatte Engtna•rtng Report, July 15, 1988 (Reference 8). 
(h) Calculatton• tn Append!• B. 

Data are not avatlable for this con•tltuent. 

(g) 

8.9-11.0 
5.2-5.7 

220.0-230.0 
260.0-280.0 

<0.6-7.9 
5.3-22.0 
100-1200 

0.2-24 
9.4-12.0 

67.67-72.67 

Range 

0.025-16 
o. 1-11 

0. 0013-6 
0.05-460 
10-1,B25 

0.01-7.9 
5.3-22.0 
130-2,BOO 
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Table 2-5 

AVAILABLE CHARACTERIZATION DATA FOR KOli9 

Untreated waste concentration 1 ( QQm~ 
Source of Data: (a) ( b) (c) (d) (e) 

BOAT LIST ORGANICS 
Volatiles 

4. Benzene 95 BDL-1600 
8. Carbon disulfide · BDL o. 15-0.96 

226. Ethyl benzene 120 
43. Toluene 210 240-18,000 

215-217. Xylene (total) 150 

Semi volatiles 
57. Anthracene <40 BDL-58 
62. Benzo(a)pyrene 0 .002-0. 18 <40 
70. Bis(2-ethylhexyl)phthalate <40 BDL-29 
80. Chrysene 40 BDL-44 
96. 2,4-Dimethylphenol <40 BDL-3.3 

121. Naphthalene <40 160-680 
141. Phenanthrene 87 BDL-390 
142. Phenol 5.7-127 <40 BDL-8.9 
145. Pyrene <llO 33-110 

BOAT LIST METALS 
154. Antimony <3.2 BDL-19 
155. Arsenic 7.4 3.9 3-30 <2.2-9.6 
156. Barium 115 87-370 28-54.2 
157. Beryllium 0.0025 <0. 1 BDL-0.29 0.35 
158. Cadmium 0. 19 <0.4 0.7-4.4 28.8 
159. Chromium (total) 525 134 150-1400 476 28.9-512.5 

(a) Jacobs Engineering Company, Assessment of Hazardous Waste Practices, 1976 (Reference 3). 
(b) U.S. EPA, Conoco Characterization Report, February 22, 1988 (Reference 13). 
(c) Delisting petition 1503 (Reference 14). 

Range 

BDL-1, 600 
BDL-0.96 

120 
210-18,000 

150 

BDL-58 
0.002-<40 

BDL-29 
BDL-44 
BDL-3.3 
<40-680 
BDL-390 
BDL-127 
33-110 

BDL-19 
<2.2-30 
28-370 , 

RDL-0.35 
0.19-28.8 

28. 9-1, !JOO 

(d) API, Refinery Solid Waste Survey, 1983 (Reference 2). 
(e) Delisting petitions 1481,1386,1530,126ll,1426, and 1469 (References 21, 17, 23, 2ll, 25, and 20). 
BDL:The compound was not detected above the detection limit; the detection limit was not reported. 
--- Data are not available for this constituent. 
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Source of Data: 

BOAT LIST METALS (Continued) 
221. Chromium (hexavalent) 
160. Copper 
161. Lead 
162. Mercury 
163. Nickel 
164. Selenium 
165. Silver 
167. Vanadium 
168. Zinc 

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

OTHER PARAMETERS 
BTU content (Btu/lb) 
Filterable solids (J) 
Oil and grease content (J) 
Water content (J) 
pH (standard units) 
TOX 0) 

Table 2-5 (Continued) 

AVAILABLE CHARACTERIZATION DATA FOR K049 

(a) 

48 
28. 1 
0.59 
50 
1.0 
0.4 
25 
250 

0.000012-52.5 

Untreated waste concentration, (ppm) 
___{Bl_ (c) (d) (e) 

<0.05 
65.3 
31.9 
o.6 
9.2 

<5.0 
<0.6 
2.5 
1112 

. <0.5 
1.31 
3ll. ll 

28-3900 
BDL-32 

20-86 
BDL-4.6 

13-60 

302 

0. 02-< 1. 9 
79.8 

21. 95-2146 
0. 15 
50.62 

<0.44-4.8 
<0.38-<4.0 

5.56 
72.8 

Range 

0.02-<1.9 
48-79.8 

21.95-3,900 
BDL-32 
9.2-86 
BDL-5.0 

<0.38-0.4 
2.5-60 

72.8-250 

0.000012-52.5 
1. 31 
34.4 

(a) Jacobs Engineering Company, Assessment of Hazardous Waste Practices, 1976 (Reference 3). 
(b) U.S. EPA, Conoco Characterization Report, February 22, 1988 (Reference 13). 
(c) Delisting petition 1503 (Reference lll). 
(d) API, Refinery Solid Waste Survey, 1983 (Reference 2). 
(e) Delisting petitions 1481,1386,1530,1264,lll26, and lll69 (References 21, 17, 23, 211, 25, and 20). 
(f) Environ Corporation, C~racterization of Listed Waste Streams (Reference 15). 
(g) Calculations in Appendix B. 
BDL=The compound was not detected above the detection limit; the detection limit was not reported. 

Data are not available for this constituent. 
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Source of Data: 

BDAT LIST ORGANICS 

Semi volatiles 
62. Benzo(a)pyrene 
P~2. Phenol 

BDAT LIST METALS 

155. Arsenic 
157. Beryllium 
158. Cadmium 
159. Chromium (total) 
221. Chromium (hexavalent) 
160. Copper 
161. Lead 
162. Mercury 
163. Nickel 
16q. Selenium 
165. Silver 
167. Vanadium 
168. Zinc 

BOAT LIST INORGANICS 

169. Cyanide 

Table 2-6 

AVAILABLE CHARACTERIZATION DATA FOR K050 

(a) 

11-1. 600 

25-1, 100 

Untreated waste concentration, (ppm) 
(b) (c) (d) 

0.7-3.6 
8-18.5 

10.2-11 
0.05-0.34 

1-1.5 
31<.1-311 

67-75 
0.5-155 

0. 14-3 .6 
61-170 
2 .4-52 

0.0007-0.01 
0.7-50 
91-297 

206-492 
0.01-0.016 

13. 7-166 

q2-226 
< 1.0 

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

Range 

0.7-3.6 
8-18.5 

10.2-11 
o.o5-o.3q 

1.0-1.5 
11-1 ,600 
0.01-<1.0 

67-75 
0. 5-1' 100 
0.14-3.6 
61-170 
2.4-52 

0.0007-0.01 
0. 7-50 
91-297 

(b) Jacobs Engineering Company, Assessment of Hazardous Wastes Practices, 1976 (Reference 3). 
(c) Delisting petition 1481 (Reference 21). 
(d) Delisting petition 1386 (Reference 17). 

Data are not available for this constituent. 
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OTHER PARAMETERS 
BTU content (Btu/lb) 
Filterable solids (J) 
Oil and grease content (J) 
Water content (J) 
pH (standard units) 
TOX (j) 

Table 2-6 (Continued) 

AVAILABLE CHARACTERIZATION DATA FOR K050 

(a) Environ Corporation, Characterization of Listed Waste Streams (Reference 15). 
(b) Calculations in Appendix B. 
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Source or Deta1 

BOAT LIST ORGANICS 

Volatllea 
4. Benzene 

226. Ethyl benzene 
43. Toluene 

215-
217. Xylene (total) 

Semlvolatllaa 
52. Acenaphthene 
57. Anthrecene 
59. Benz(e)enthrecene 
62. Benzo(e)pyrene 
70. Bls(2-ethylheayl)phthalate 
BO. Chrysene 
98. 01-n-butylphthalate 

109. fluorene 
121. Naphthalene 
141. Phenanthrene 
142. Phenol 
145. Pyrene 

BOAT LIST METALS 

Antimony 
Arsenic 
Berl um 
Beryllium 
Cadmium 

Table 2-7 

AVAILABLE CHARACTERIZATION DATA FOR K051 

a 

46-52 
33-71 

71-83 

33 

22-29 

26-30 
45-51 

43-230 
33-37 

150-170 
110-120 

<20 
62-74 

Untreated Naate concentration 
b 

0.002-4.5 

3.B-156.7 

0. 1-32 

0.0012-0.24 
0.024-3.0 
o. 1-6790 800-3220 150-B75 

m 

154. 
155. 
156. 
157. 
158. 
159. 
221. 
160. 
161. 
162. 

Chromium (total) 
Chromlu• (heaavalent) 
Copper 

9-18 
5.4-9.7 
72-120 

<O. 1 
1.3-1.7 

730-1100 
22• 

130-170 
640-940 

0.07-0.31 

< 1 .0 0.010-0.036 
2.5-550 

Lead 0.25-1290 2120-24BO 9.5-23.3 
Mercury 0.04-6.2 

(a) U.S. EPA, Amoco Onslte Engineering Report, February 29, 19BB (Reference 6). 
(o) .Jacob• Engineering Company, Assessment of Hazardous waste Practices, 1976 (Reference 3). 
(c) Dellstlng petition •4BI (Reference 21). 
(Cl) Oellstlng petition #386 (Reference 17). 
(e) Oellstlng petition •205 (Reference 16). 
(f) Oellstlng petition #469 (Reference 20). 

Data are not available for this constituent. 
w Colorimetric Interference may nave occurred In analysis of this sample. 

• f 

<3.0 
188-412 

<0.25 
535-3679 160-740 

53-173 7.7-440 
3.0 
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Source of Data: 

BOAT LIST ORGANICS 

Vo lat ties 
4. Benzene 

226. Ethyl benzene 
43. Toluene 

215-
217. Xylene (total) 

Semlvolattles 
52. Acenaphthene 
57. Anthracene 
59. Benz(a)anthracene 
62. Benzo(a)pyrene 
70. Bts(2-ethy1hexyl)phthalate 
80. Chrysene 
98. Dt-n-butylphthalate 

109. Fluorene 
121. Naphtha I ene 

· 141. Phenanthrene 
142. Pheno I 
145. Pyrene 

BOAT LIST METALS 

154. 
155. 
156. 
157. 
158. 
159. 
221. 
160. 
161. 
162. 

Ant tmony 
Arsenic 
Bart um 
Beryl I tum 
Cadmium 
Chromium (total) 
Chromium (hexavalent) 
Copper 
Lead 
Mercury 

Table 2-7 (Continued) 

AVAILABLE CHARACTERIZATION DATA FOR K051 

Untreated waste concentration 

56 
170 

390 

<10 

<10 
<10 
<10 
14 
<10 
11 
97 
10 

24 

h 

74 
120 
450 

720 

13 
13 

7 

23 

200 
110 
<2 
27 

5.6 
68 

<0.5 
80 

64 
4.4 

m 

74 
46-120 
33-450 

71-720 

<10-33 
13 

<10-29 
0.002-<10 

<10-30 
14-51 

<10-230 
11-37 

97-200 
10-120 

<2-156.7 
24-74 

9-18 
0. 1-32 
68-412 

0.0012-0.24 
0.024-3.0 
0.1-6,790 

0.01-22 
2.5-550 

0.25-2,480 
0.04-6.2 

{g} CF Systems Corporation, Company literature, March 30, 1987 (Reference 30}. 
(h) The American Petroleum Institute, comments on land disposal restrictions. 1988 (Reference 26}. 

Data are not available for this constituent. 
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Table 2-7 (Continued) 

AVAILABLE CHARACTERIZATION DATA FOR K051 

Source of Data1 

BOAT LIST METALS (Cont.) 

163. 
164. 
165. 
167. 
168. 

Nicka I 
Selenlu .. 
SI Ivar 
Vanadium 
Zinc 

BOAT LIST INORGANICS 

• 

30-37 
0.5-1.6 

1.4 
260-350 
570-820 

Untreated waata concentration 
b 

0.25-150.4 
0.005-7.6 
0.05-3 
1-48.5 
25-6596 

169. Cyanide 
1 7 I • Su If I de 

0.5-1.4 0.00006-51.4 

OTHER PARAMETERS 

fllterabla aollda (S) 
011 and grease content (S) 
Water content (S) 

2,900-4,800 

(a) U.S. EPA, Amoco Onalta Engineering Raport, February 29, 1988 (Rafarence 6). 
(b) Jacob• Engineering Company, Aaaaaamant of Ha~ardoua Waate Practice•, 1976 (Reference 3). 
(c) Dellatlng petition #481 (Reference 21). 
(d) Oellatlng petition •386 (Reference 17). 
(a) Dellatlng petition #205 (Reference 16). 
(f) Dellatlng petition #469 (Reference 20). 
(I) Calculatlona In Appendl• 8. 

Data are not avallable for thl• conatttuent. 

m) 
el 

2-12 
<0.3 

(f 



Source of Data1 

BOAT LIST METALS (Cont.) 

163. 
164. 
165. 
167. 
168. 

Nickel 
Selenium 
SI Iver 
Vanadium 
Zinc 

BOAT LIST INORGANICS 

169. Cyanide 
'I' I 7 I . Su I f I de 
N 
0\ OTHER PARAMETERS 

Fiiterabie aollds (S) 
011 and grease content (S) 
Water content (~) 

Table 2-7 (Continued) 

AVAILABLE CHARACTERIZATION DATA FOR K051 

Untreated waste concentration, 
(g) (h) 

<0.2 

<O.S 
120 

3.9 
4.5 

91.4 

I. 6 
<0.3 

0.25-150.4 
0.005-12 
0.05-3 

1-350 
25-6,596 

0.00006-51 .4 
120-4,800 

(g) CF Syatems Corporation, company literature, March 30, 1987 (Reference 30). 
(h) The American Petroleum Institute, co111111ents on land dlspoaal reatrlctlon~. 1988 (Reference 26). 

Data are not evallable for this constituent. 
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Table 2-8 

AVAILABLE CHARACTERIZATION DATA FOR K052 

Untreated waste concentration, (ppm) 
Source of Data: __ (_a.._) __ (b) (c) (d) 

BOAT LIST ORGANICS 

Volatiles 
4. Benzene 

226. Ethyl benzene 
13. Toluene 

215-
217. Xylene (total) 

Semi volatiles 
62. Benz(o)pyrene 
81. ortho-Cresol 
82. para-Cresol 
96. 2,4-Dimethylphenol 

121. Naphthalene 
141. Phenanthrene 
142. Phenol 

BOAT LIST METALS 

154. Antimony 
155. Arsenic 
156. Barium 
157. Beryllium 
158. Cadmium 
159. Chromium (total) 
160. Copper 
161. Lead 

650 
2,300 
6,400 

3,500 

< 1.8 
13 
13 
4.2 
13 
1.4 

( 1.8 

111 
2112 
B 

<0. 1 
0.82 
48.8 

146 
99.4 

1.0-504 

11.0-5,800 

0.02-0.4 

2. 1-250 

63-525 

0.0025 
4.5-8.1 

9.0-13. 7 
110-172 

158-1,421 42-2,060 

(a) U.S. EPA, Conoco Characterization Report, February 22, 1988 (Reference 13). 
(b) API, Refinery Solid Waste Survey, 1983 (Reference 2). 
(c) Jacobs Engineering Company, Assessment of Hazardous Waste Practices, 1976 (Reference 3). 
(d) Delisting petition 1386 (Reference 17). 

Data are not available for this constituent. 

Range 

650· 
2,300 
6,400 

3,500 

0. 02-< 1.8 
13 
13 
4.2 
13 
1.4 

< 1.8-250 

111 
63-525 

8 
0. 0025- <0. 1 
0.82-8.1 

1 .0-504 
110-172 

11-5,800 



Source of Data: 

BOAT LIST METALS (Cont.) 

162. Mercury 
163. Nickel 
16!1. Selenium 
165. Silver 
167. Vanadium 
168. Zinc 

Table 2-8 (Continued) 

AVAILABLE CHARACTERIZATION DATA FOR K052 

(a) 

2. it 
97.2 
<100 
<6.0 
<6.0 
17. 1 

Untreated waste concentration, (ppm) 
(b) (c) (d) 

o. 19-0.9!t 
235-392 

3.1-10.8 
0.05-1. 7 

1.0-9.8 
1,183-17,000 

'I' BDAT LIST INORGANICS 
N 
00 

169. Cyanide 
170. Fluoride 
171. Sulfide 

OTHER PARAMETERS 

Filterable solids (J) 
Oil and grease content (j) 
Water content (j) 

1.89 
955 
111 

(a) U.S. EPA, Conoco Characterization Report, February 22, 1988 (Reference 13). 
(b) API, Refinery Solid Waste Survey, 1983 (Reference 2). 
(c) Jacobs Engineering Company, Assessment of Hazardous Waste Practices, 1976 (Reference 3). 
(d) Delisting petition 1386 (Reference 17). 
(e) Calculations in Appendix B. 

Data are not available for this constituent. 

Range 

0. 19-2 .it 
97.2-392 
3. 1-< 100 
o.05-<6.o 

1 .0-9 .8 
17 . 1- 17 '000 

1.89 
955 
111 
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Table 2-9 

AVAILABLE CHARACTERIZATION DATA. FOR K048-K052 WASTE MIXTURES 

Untreated Waste Concentration m) 
Source of Data: a b -1£L d) e f 

BOAT LIST ORGANICS 

Volatiles 

4. Benzene 86-190 2. 100 530 9.8 600 80 
226. Ethyl benzene 76-120 1. 300 I, 100 17 86 
43. Toluene 230-470 6,300 I ,500 68 6,600 340 

215-217. Xylene (total) 420-570 5,900 4,000 106 8,880 430 

Semlvolatlles 

57. Anthracene 22 29 0.069 <46 13.3 
59. Benz(a)anthracene <20-21 17 18 0. 14 3.4 
62. Benzo(a)pyrene <19-<21 9.4 1 1 0.071 1.8 
63. BenzoJb)fluoranthene 6.3 8 0.041 1. 2 
70. Bls(2-ethylhaayl)phthalate <19-<21 <3-49 

". 2 
<2 <0.009 1 . 1 

80. Chrysene <20-33 4.7-<7 19 30 0.24 9.4 
81. o-Crasol <2 <2 0.33 <19 0.4 
82. p-Crasol <2 <2 0.42 1. 3 
83. Olbenz(a,h)anthracene 3.9 <2 <0.009 1. 1 
87. 1,2-Dlchlorobenzene <19-<21 <3-3.3 
96. 2,4-Dimethylphenol <3-<7 <10 <2 <0.009 0.7 

108. Fluoranthane <19-<21 <3-3.7 9.2 10 0.055 < l 
109. Fluorene 3.4-<7 
121 . Naphthalene 56-140 22-30 180 490 1. 1 560 82 
141. Phenanthrene 64-140 13-17 240 210 0.53 740 109 
142. Phenol <3-<7 <2 <2 1 . 7 < 1. 900 0.9 
145. Pyrene <20-36 <3-3.6 59 95 0.25 ~6 

Data are not available for this constituent. 
(a) K048-K052 mixture of refinery wastes: BP America, Inc. comments on land disposal restrictions, 1988 (Reference 36). 
(b) Mixture of K049 and K051: Resources Conservation Company, comments on land disposal restrictions, 1988 (Reference 37). 
(c) Unspecified mixture of refinery wastes: Plant C, API, comments on land disposal restriction, 1987 (Reference 26). 
(d) Mlature of K048, K049, and K051: Plant D, API, comments on land disposal restrictions, 1987 (Reference 26). 
(e) Mlature of K051 and K052: Plant E, API, comments on land disposal restrictions, 1987 (Reference 26). 
(f) Mixture of K049 and K051: Plant F, API, comments on land disposal restrictions, 1987 (Reference 26). 
(g} Unspecified mixture of refinery wastes: Plant H, API, comments on land disposal restrictions, 1987 (Reference 26). 
(h) Mixture of K051 and K052: Plant tt, API, comments on land disposal restrictions, 1987 {Reference 26). 

_h_ 

60 
110 
360 
690 

9.4 
20 

9.9 
6.2 

<1 
26 
<1 
<1 
<1 

<1 
5.9 
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<1 
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Table 2-9 (Continued) 

AVAILABLE CHARACTERIZATION DATA FOR K048-K052 WASTE MIXTURES 

BOAT LIST ORGANICS 
~ 

203. A roe I or 1242 
206. Aroclor 1260 

BOAT LIST METALS 

155. 
156. 
15B. 
159. 
161. 
162. 
163. 
167. 
168. 

Araantc 
Barium 
Cadmium 
Chromium (total) 
Lead 
Mercury 
Ntckel 
Vanadium 
Zinc 

GENERAL CONSTITUENTS 

Otl 
Water 
So I tda 

Source of Data: 

Data ara not avatlable for thta conatttuent. 

(a) 

1.1-37.7 
54.5-90.5 

1.1-8.4 

{b) 
Untreated Waste Concentration (ppm) 

""1£L (d) (e) ( f) 

I . 3-8. 1 
0.55-3.5 

<0.2 1. 2 0.8 
0.13-0.62 120 21 54 

<0.5 <0.5 <0.5 
0.07-0.09 150 150 32B 220 
4.2-5.1 30 8.2 4B 27 
<0.001 0.09 <0.05 0. 13 

7 
2.7 

11-16 

2.0 
I 15 

<2 
340. 

40 
0.2 

(a) K048-K052 mlature of refinery waatea: BP America, Inc. comment• on lend disposal restrictions, 1988 (Reference 36). 
(b) Mlature of K049 and K051: Rasourcea Conservation Company, commenta on land disposal restrictions, 1988 (Reference 37). 
le) Unspecified mlature of refinery waatea: Plant C, API, comment• on land dlsposal restriction, 1987 (Reference 26). 
(d) Mlature of K048, K049, and K051: Plant D, API, comments on land dlapoaal reatrlctlons, 1987 (Reference 26). 
(e) Mlature of K051 and K052: Plant E, API, comments on land disposal restrictions, 1987 (Reference 26). 
(f) Mlature of K049 end K051: Plant F, API, comments on land dlspoaal reatrlctlona, 1987 (Reference 26). 
(g) unspecified mlature of refinery waatea: Plant H, API, comment• on land disposal restrictions. 1987 (Reference 26). 
(h) Mlature of K051 and K052: Plant H, API, comments on land dlsposal restrtctlons, 1987 (Reference 26). 

7.0 
142 

I 
B35 
126 
2.9 



3.0 APPLICABLE/DEMONSTRATED TREATMENT TECHNOLOGIES 

In the previous section of this document, petroleum refining wastes 

(K048-K052} were characterized and a separate waste treatability group was 

established for these wastes. In this section, treatment technologies appli

cable for treatment of wastes in this waste group are identified. Detailed 

descriptions of the technologies that are demonstrated on these wastes or on 

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

3.1 Applicable Treatment Technologies 

The Agency has identified the following treatment technologies as 

being applicabie for nonwastewater forms of K048-K052 and nonwastewater 

residuals generated from treatment of K048-K052: incineration (fluidized bed 

and rotary kiln}, solvent extraction, pressure filtration, thermal drying, and 

stabilization. Incineration is a treatment process iri which organic consti

tuents in the waste are volatilized and combusted. These constituents then 

react with oxygen to form carbon dioxide and water vapor. Solvent extraction 

is a separation technique whereby the waste is mixed with an immiscible 

solvent in which the waste constituents of concern are preferentially soluble. 

Another separation technique, pressure filtration, mechanically separates the 

liquid and solid phases of the waste. Thermal drying removes water and 

volatile organics from a waste by heating the mixture and causing 

volatilization. These applicable technologies destroy or reduce the total 

amount of various organic compounds in the waste. Since K048-K052 wastes also 
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contain inorganic hazardous constituents, stabilization is also considered as 

an applicable technology. Stabilization reduces the leachability of BOAT List 

metals in the ~aste by chemically and/or physically binding the metals in a 

solid matrix. 

The Agency has identified the following treatment technologies as 

being applicable for wastewater forms of K048-K052 and wastewater generated 

from the treatment of K048-K052: biological treatment, carbon adsorption, and 

chromium reduction followed by chemical precipitation and sedimentation or 

filtration. Biological treatment involves the use of microorganisms to 

biologically degrade organic contaminants in wastewater to methane, carbon 

dioxide, and cell protein. In carbon adsorption treatment processes, hazard

ous constituents are selectively adsorbed to the surface and within the 

internal pores of the carbon granules. These applicable technologies destroy 

or reduce the total amount of various organic compounds in the wastewater. 

Since these wastewaters may also contain inorganic hazardous constituents, 

chromium reduction followed by chemical precipitation and sedimentation or 

filtration is also considered an applicable technology for reducing the 

concentration or BOAT List metals in the wastewater. Chromium reduction 

reduces the concentration of hexavalent chromium in wastewaters by converting 

the chromium (VI) to the trivalent state (chromium (III)). Chemical precipi

tation is used to convert the dissolved metal into a less soluble metal 

precipitate that settles out of solution. This step is followed by sedimenta

tion or filtration to separate the precipitate from the wastewater. 
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The selection of treatment technologies applicable for treating BOAT 

List constituents is based on current literature sourc~s, field testing, and 

data submitted by equipment manufacturers and industrial concerns. 

3.2 Demonstrated Treatment Technologies 

As discussed in Section 1.0, a "demonstrated" treatment technology 

is one for which a full-scale treatment operation is known to exist and is 

used to treat the waste of interest or a waste with similar treatability 

characteristics. Treatment technologies that are only available at pilot- and 

bench- scale operations will not be considered in identifying demonstrated 

treatment technologies for a waste. Data from such operations may, however, 

be used by the Agency in evaluating the performance of demonstrated full-scale 

treatment operations provided the Agency does not have full-scale data which 

can be used to evaluate performance. 

The demonstrated technologies that the Agency has identified for 

treatment of organics and inorganics in nonwastewater forms of K048-K052 are 

incineration (fluidized bed and rotary kiln), solvent extraction, and pressure 

filtration. Since the Agency is not aware of any full-scale thermal drying 

operations for K048-K052, this technology has not been identified as demon

strated. The Agency has identified stabilization as a demonstrated technology 

for the immobilization of metals in nonwastewater residuals generated from 

treatment of K048-K052. 
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.. 
The demonstrated technologies that the Agency had identified for 

treatment of organics and inorganics in wastewater forms of K048-K052 are 

biological treatment, carbon adsorption, solvent extraction, incineration, and 

chromium reduction followed by lime and sulfide precipitation followed by 

vacuum filtration. The Agency's data characterizing K048-K052 wastewater is 

based on scrubber water generated from the incineration of K048-K052 

nonwastewaters. Since none of the BOAT List organic constituents were 

detected in the scrubber water, the Agency believes that incineration of 

untreated K048-K052 results in a wastewater residual which requires no further 

treatment for organics (i.e., no additional wastewater treatment is expected 

to improve upon the non-detect values observed in the wastewater residual). 

The Agency recognizes that wastewater forms of K048-K052 that contain BOAT 

List. organic constituents may be generated from the treatment of K048-K052 

nonwastewaters using technologies other than incineration. The Agency has no 

data to characterize these waste streams; however, biological treatment and 

carbon adsorption are demonstrated for the treatment of organics bearing 

wastewaters at refineries. For metals in wastewater residuals, EPA has 

identified the rollowing demonstrated treatment train: chromium reduction 

followed by lime and sulfide precipitation, followed by vacuum filtration. 

This treatment train is commonly used for metal containing wastewaters. 

A discussion of the Agency's treatment performance data base for 

each of these demonstrated treatment technologies is included in the following 

subsections. Detailed technical descriptions of the technologies are included 

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

summarizing the plant codes is included in Appendix C. 

Incineration. Incineration provides for destruction of the organics 

in the waste. This technology generally results in the formation of two 

treatment residuals: ash and scrubber water. The Agency is aware of at least 

three full-scale facilities that treat refinery wastes from the K048-K052 

treatability group by incineration. The Agency tested a full-scale fluidized 

bed incineration process at plant A for treatment of K048 and K051; these 

results are presented in Tables 4-2 through 4-13 of Section 4.0. Addition-

ally, treatment data for a pilot-scale pyrolysis process identified as plant N 

were submitted by industry. These data are presented in Section F.8 of 

Appendix F. 

Solvent Extraction. Solvent extraction provides for the separation 

of organics from the waste. This technology results in the formation of two 

treatment residuals: the treated waste residual and the extract. The Agency 

is aware of three full-scale facilities that treat K048-K052 by solvent 

extraction. The Agency is also aware of pilot-scale solvent -extraction 

studies on K048-K052 at two facilities. Full-scale treatment performance data 

from three facilities were submitted by industry to support solvent extraction 

as a demonstrated technology for treatment of refinery wastes. These data are 

identified as plant G treatment performance test~ plant L treatment 

performance tests, and two processes (single-cycle and 3-cycle) followed by 

stabilization as plant H treatment performance tests. Data for plant G and 

RBD-1 
1231-01.mel.5 
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plant M are presented in Tables 4-16, 4-18, and 4-19 of Section 4.0. Data for 

plant Lare presented in Section F.7 of Appendix F. Pilot-scale treatment 

performance data from two facilities were submitted by industry for use in 

evaluating solvent extraction as a demonstrated technology for treatment of 

refinery wastes. These data are identified as plant F and plant K and are 

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

Pressure Filtration. Pressure filtration provides for the separa-

tion of liquid and solid phases of a waste. This technology results in the 

formation of two treatment residuals: the filter cake and the filtrate. The 

Agency is aware of one full-scale facility that treats K048-K052 by pressure 

filtration. Full-scale treatment performance data were submitted by this 

facility to support pressure filtration as a demonstrated technology for 

treatment of refinery wastes. These data are identified as plant B, plant C, 

plant D, and plant E treatment performance tests and are presented in Tables 

4-14 and 4-15 of Section 4.0 and Sections F.1 and F.2 of Appendix F. 

Stabilization. Stabilization reduces the leachability of metals in 

the waste. This technology results in the formation of a single chemically or 

physically stabilized treatment residual. The Agency tested incinerator ash 

from treatment of K048 and K051 at plant A using a pilot-scale stabilization 

process identified as plant I. In addition, treatment performance data from 

three pilot-scale stabilization processes identified as plant J were submitted 

by industry for use in evaluating stabilization as a demonstrated technology 

RBD-1 
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for treatment of K048-K052. These results are presented in Table 4-17 of 

Section 4.0 and Section F.5 of Appendix F. 

Chromium reduction followed by lime and sulfide precipitation and 

vacuum filtration. Chromium reduction reduces the concentration of hexavalent 

chromium in the wastes by converting hexavalent chromium to the trivalent 

state. Lime and sulfide precipitation and vacuum filtration remove dissolved 

metals from the wastewater by forming an insoluble metal precipitate sludge. 

Vacuum filtration separates the precipitated sludge from the wastewater. The 

Agency does not have data on the treatment of hexavalent chromium or other 

metals in K048-K052 wastewaters. However, the Agency determined that 

full-scale treatment performance data for chromium reduction followed by lime 

and sulfide precipitation and vacuum filtration presented in the Envirite 

Onsite Engineering Report (Reference 27) for treatment of K062 and metal 

bearing characteristic wastes represent treatment of hexavalent chromium and 

other BOAT List metals in wastewaters judged to be similar to wastewater forms 

of K048-K052. 

3.3 Available Treatment Technologies 

~defined in Section 1.0, an available treatment technology is one 

that (1) is not a proprietary or patented process that cannot be purchased or 

licensed from the proprietor (in other words, is commercially available), and 

(2) substantially diminishes the toxicity of the waste or substantially 

reduces the likelihood of migration of hazardous constituents from the waste. 
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The demonstrated technologies for treatment of nonwastewater forms of K048-

K052, incineration technologies including fluidized bed and rotary kiln, 

solvent extraction, pressure filtration, and stabilization, are considered to 

be commercially available technologies. The demonstrated technologies for 

treatment of wastewater forms of K048-K052, biological treatment, carbon 

adsorption, incineration, and chromium reduction followed by lime and sulfide 

precipitation and vacuum filtration, are also considered to be commercially 

available. The Agency has determined that the technologies used in evaluating 

BOAT show substantial treatment and are therefore considered to be "available" 

treatment technologies. 

3.4 Detailed Description of Treatment Technologies 

The demonstrated treatment technologies discussed in Section 3.2 are 

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

Technology Description 

Incineration 
Solvent Extraction 
Sludge Filtration 
Stabilization 
Chromium Reduction 
Chemical Precipitation 
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3.4. 1 Incineration 

This section addresses the·commonly used incineration technologies: 

Liquid injection, rotary kiln, fluidized bed incineration, and fixed hearth. 

A discussion is provided regarding the applicability 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. 

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. 
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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. 

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 destabilized, these constituents react with oxygen to form carbon 

dioxide and water vapor. The energy needed to destabilize the bonds is 

referred to as the energy of activation. 
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Rotary Kiln and rixed 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. 

Fluidized Bed 

The principle of operation for this incineration technology is 

somewhat different than for rotary kiln and fixed hearth incineration, in that 

there is only one treatment chamber. The chamber contains the fluidized bed 

(typically sand} and a freeboard section above the sand. The purpose of the· 

fluidized bed is to both.volatilize.the waste and combust the waste. Destruc

tion of the waate 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 
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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 addi

tional residence time for conversion of the organic constituents to carbon 

dioxide, water vapor, and hydrochloric acid if chlorine is present in the 

waste. 

Description of Incineration Process 

Liquid Injection 

The liquid injection system is capable of incinerating a wide range 

of gases and liquids. The combustion 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 

or oxygen. A forced draft system supplies the combustion chamber with air to 

provide oxygen for combustion and turbulence for mixing. The combustion 

chamber is usually a cylinder lined with refractory (i.e., heat resistant) 

brick and can be fired horizontally, vertically upward, or vertically down

ward. Figure 3-1 illustrates a liquid injection incineration system. 

Rotary Kiln 

A rotary kiln is a slowly rotating, refractory-lined cylinder that 

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

wastes enter at the high end of the kiln, and liquid or gaseous wastes enter 
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through atomizing nozzles in the kiln or afterburner section. Rotation of the 

kiln exposes the solids to the heat for vaporization and allows them to 

combust by mixing with air. The rotation also causes the ash to move to the 

lower end of the kiln where it can be removed. Rotary kiln systems usually 

have a secondary combustion chamber or afterburner following the kiln for 

further combustion of the volatilized components of solid wastes. 

Fluidized Bed 

A fluidized bed incinerator consists of a column containing inert 

particles such as sand which is referred to as the bed. Air, driven by a 

blower, enters the bottom of the bed to fluidize the sand. The waste material 

is usually injected directly into the fluidized bed. Air passage through the 

bed promotes rapid and uniform mixing of the injected waste material within 

the fluidized bed. The_, fluidized bed has an extremely high heat capacity 

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

providing a large heat reservoir. The injected waste reaches ignition temper

ature quickly and transfers the heat of combustion back to the bed. Continued 

bed agitation by the fluidizing air allows larger particles to remain sus

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

Fixed hearth incinerators, also called controlled air or starved air 

incinerators, are another major technology used for hazardous waste incinera

tion. Fixed hearth incineration is a two-stage combustion process (see Figure 

3-4). Waste is ram-fed into the first stage, or primary chamber, and burned 

at less than stoichiometric conditions. The resultant smoke and pyrolysis 

products, consisting primarily of volatile hydrocarbons and carbon monoxide, 

along with the normal products of combustion, pass to the secondary chamber. 

Here, additional air is injected to complete the combustion. This two-stage 

process generally yields low stack particulate and carbon monoxide (CO) 

emissions. The primary chamber combustion reactions and combustion gas are 

maintained at low levels by the starved air conditions so that particulate 

entrainment and carryover are minimized. 

Air Pollution Controls 

Following incineration of hazardous wastes, combustion gases are 

generally further treated in an air pollution control system. The presence of 

chlorine or other halogens in the waste requires a scrubbing or absorption 

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

waste is not destroyed in the combustion process. Ash will either exit as 

bottom ash, at the discharge end of a kiln or hearth for example, or as 

particulate matter (fly ash) suspended in the combustion gas stream. 
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Particulate emissions from most hazardous waste 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 activa

tion energy. 

Because of the shortcomings of bond energies in estimating activa

tion energy, EPA analyzed other waste characteristic parameters to determine 

tf these parameters would provide a better basis for transferring treatment 
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standards from a tested waste to an untested waste. These parameters include 

heat of combustion, heat of formation, use of available kinetic data to 

predict activation energies, and general structural class. All of these were 

rejected for reasons provided below. 

The heat of combustion only measures the difference in energy of the 

products and reactants; it does not provide information on the activation 

energy (i.e., the energy input needed to transform the reactants to the 

transition state to initiate the reaction). Heat of formation is used as a 

predictive tool for whether reactions are likely to proceed; however, there 

are a significant number of hazardous constituents for which these data are 

not available. Use of kinetic data was rejected because these data are 

limited and could not be used to calculate activation energy values for the 

wide range of hazardous constituents to be addressed by this rule. Finally, 

EPA decided not to use structural classes because the Agency believes that 

evaluation of bond dissociation energies allows for a more direct determina

tion of whether a constituent will be destabilized. 

Rotary Kiln/Fluidized Bed/Fixed Hearth 

In determining whether these technologies are likely to achieve the 

same level of performance on an untested waste as a previously tested waste, 

EPA would need to examine the waste characteristics that affect volatilization 

of organics from the waste, as well as destruction of the organics, once 

volatilized based on the underlying principles of operation. Relative to 
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volatilization, EPA will examine thermal conductivity of the entire waste and 

boiling point of the various constituents. Relative to destruction of organ

ics, 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 discus

sion 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 

convection and thus impact volatilization of the various organic compounds. 

The final type of heat transfer, conduction, is the one that EPA believes is 

most dependent upon the specific waste treated. To measure this characteris

tic, EPA will use thermal conductivity; an explanation of this parameter, as 
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well as how it can be measured is provided below. Heat flow by conduction is 

proportional to the temperature gradient across the material. The proportion

ality constant is a property of the material and is referred to as the thermal 

conductivity. (Note: The analytical method that EPA has identified for 

measurement of thermal conductivity is named "Guarded, Comparative, Longitudi

nal Heat Flow Technique"; it is described in an Appendix to this technology 

section.) In theory, thermal conductivity would always provide a good indica

tion of whether a constituent in an untested waste would be treated to the 

same extent in the primary incinerator chamber as the same constituent in a · 

previously tested waste. 

In practice, there are some limitations in assessing the transfer

ability of treatment standards using thermal conductivity. However, EPA has 

not identified a parameter that can provide a better indication of heat 

transfer characteristics of a waste. Below is a discussion of both the 

·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 waates exhibit greater degrees of non-homogeneity (e.g., signifi

cant concentration of metals in soil), thermal conductivity becomes less 

accurate in predicting treatability because the measurement essentially 

reflects heat flow through regions having the greatest conductivity (i.e., the 

path of least resistance} and not heat flow through all parts of the waste. 
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Btu value, specific heat, and ash content 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. 

Incineration Design and Operating Parameters 

Liquid Injection 

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

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

provided to the waste to overcome the activation level for destabilizing 
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molecular bonds and (2) whether sufficient oxygen is present to convert the 

waste constituents to carbon dioxide and water vapor. The specific design 

parameters that the Agency will evaluate to assess whether these conditions 

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

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

discussion of how these parameters will be monitored during operation. 

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

land disposal restriction standards, EPA is only concerned with these design 

parameters when a quench water or scrubber water residual is generated from 

treatment of a particular waste. If treatment of a particular. waste in a 

liquid injection unit would. not generate a wastewater stream, th.en the Agency, 

for purposes of land disposal treatment standards, would only be concerned 

with the waste characteristics that affect selection of the unit, not the 

above-mentioned design parameters. 

(1) Temperature. Temperature is important in that it provides an 

indirect measure of the energy available (i.e., Btu/hr) to overcome the 

activation energy or waate constituents. As the design temperature increases, 

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

reaction completed. 

The temperature is normally controlled automatically through the use 

or instrumentation which senses the temperature and automatically adjusts the 

amount of fuel and/or waste being fed. The temperature signal transmitted to 
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the controller can be simultaneously transmitted to a recording device, 

referred to as a strip chart, and thereby continuously recorded. It is 

important to know the exact location in the incinerator that the temperature 

is being monitored. 

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

oxygen in excess of the stoichiometric amount necessary to convert the organic 

compounds to carbon dioxide and water vapor. If insufficient oxygen is 

present, then destabilized waste constituents could react to form products of 

incomplete combustion including BOAT list organic compounds and potentially 

cause the scrubber water to contain higher concentrations of BOAT List con

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

In practice, the amount of oxygen fed to the incinerator is con

trolled by continuous sampling and analysis of the stack gas. If the amount 

of oxygen drops below the design value, then the analyzer transmits a signal 

to the forced draft fan controlling the air supply and thereby increases the 

flow of oxygen to the afterburner. The analyzer simultaneously transmits a 

signal to a recording device so that the amount of excess oxygen can be 

continuo~ly recorded. Again, as with temperature, it is important to know 

the location from which the combustion gas is being sampled and the location 

that the design concentration is based. 

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

parameter because it provides an indication of the extent to which the waste 
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organic constituents are being converted to 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 

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

incinerated is determined from an analysis referred to as an ultimate analy

sis. This analysis determines the amount of elemental constituents present, 

which include carbon, hydrogen, sulfur, oxygen, nitrogen, and halogens. Using 

this analysis plus the total amount of air added, the volume of combustion gas 

can be calculated. Having determined both the Btu content and the expected 

combustion gas volume, the feed rate can be fixed at the desired residence 

time. Continuous monitoring of the feed rate will determine whether the unit 

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

Rotary Kiln 

For this incineration technology, EPA will examine both the primary 

and secondary chamber in evaluating the design of a particular incinerator. 
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Relative to the primary chamber, EPA's assessment of design will focus on 

whether it is likely that sufficient energy will be provided to the waste in 

order to volatilize the waste constituents. For the secondary chamber, 

analogous to the liquid injection incineration chamber, EPA will examine the 

same parameters discussed previously under "Liquid Injection." These para

meters will not be discussed again here. 

The particular design parameters to be evaluated for the primary 

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

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

well as a discussion of how these parameters will be monitored during opera

tion. 

(1) Temperature. The primary chamber temperature is important in 

that it provides an indirect measure of the energy input: (i.e., Btu/hr) that 

is available for heating the waste. The higher the temperature is designed to 

be in a given kiln, the more likely it is that the constituents will volatil

ize. As discussed earlier under "Liquid Injection", temperature should be 

continuously monitored and recorded. Additionally, it is important to know 

the location or 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 or heat is transferred to the hazardous waste 
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constituents. The residence time of solids and gases in the kiln is a func

tion of the specific configuration of the rotary kiln including the length and 

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

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

indication of the turbulence that occurs in the primary chamber of a rotary 

kiln. As the turbulence increases, the quantity of heat transferred to the 

waste would also be expected to increase. However, as the RPH value 

increases, the residence time of solids in the kiln decreases, resulting in a 

reduction of the quantity of heat transferred to the waste. 

Fluidized Bed 

As discussed previously, in the section on "Underlying Principles of 

Operation", the primary chamber accounts for almost all of the conversion of 

organic wastes to carbon dioxide, water vapor, and acid gas ·if halogens are 

present. The freeboard section will generally provide additional residence 

time for thermal oxidation of the waste constituents. Relative to the primary 

chamber, the parameters that the Agency will examine in assessing the effec

tiveness of the design are temperature, residence time, and bed pressure 

differential. The first two were discussed under rotary kiln and will not be 

discussed here. The latter, bed pressure differential, is important in that 

it provides an indication of the amount of turbulence and, therefore, indi

rectly provides the amount of heat supplied to the waste. In general, as the 

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

ensure that the design value is achieved. 

Fixed Hearth 

The design considerations for this incineration unit are similar to 

a rotary kiln with the exception that rate of rotation (i.e., RPM) is not an 

applicable design parameter. For the primary chamber of this unit, the 

parameters that the Agency will examine in assessing how well the unit is 

designed are the same as discussed under rotary kiln. For the secondary 

chamber (i.e., afterburner), the design and operating parameters of concern 

are the same as previously discussed under "Liquid Injection." 
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The stack is clamped with a reproducible load to insure intimate contact 

between the components. In order to produce a linear flow of heat down the 

stack and reduce the amount of heat that flows radially, a guard tube is 

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 

Qin =A top (dT/dx>top 

and the heat out of the sample is given by 

~ut = .l bottom (dT/dx)bottom 

where 

l. = thermal conductivity 

dT/dx = temperature gradient 
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and top refers to the upper reference while bottom refers to the lower refer

ence. If the heat was confined to flow just down the stack, then Qin and Oout 

would be equal. If Qin and Q0 ut are in reasonable agreement, the average heat 

flow is calculated from 

The sample thermal conductivity is then found from 

lsample = Q/(dT/dx)sample 
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3.4.2 Solvent Extraction 

Solvent extraction is a treatment technology used to remove a 

constituent from a waste by mixing the waste with a solvent that is irmniscible 

with the waste and in which the waste constituent of concern is preferentially 

soluble. Solvent extraction is commonly called liquid extraction or liquid

liquid extraction. EPA also uses this term to refer to extraction of BOAT 

List organics from a solid waste. When BOAT List metals are extracted using 

acids, EPA uses the term acid leaching. 

Applicability and Use of Solvent Extraction 

Theoretically, solvent extraction has broad applicability in that it 

can be used for wastes that have high or low concentrations of a range of 

waste characteristics including total organic carbon, filterable solids, 

viscosity, and BOAT List metals content. The key to its use is whether the 

BOAT List constituents can be extracted from the waste matrix containing the 

constituents of concern. For a waste matrix with high filterable solids this 

would mean that the solids could be land disposed following solvent extrac

tion. For a predominantly liquid waate matrix with low filterable solids, the 

extracted liquid {referred to as the raffinate) could be reused. Solvent 

extraction can seldom be used without additional treatment (e.g., incinera

tion) of the extract; however, some industries may be able to recycle the 

solvent stream contaminated with the BOAT List constituents back to the 

process. 
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Underlying Principles of Operation 

For solvent extraction to occur, the BOAT List constituents of 

concern in the waste stream must be preferentially soluble in the solvent and 

the solvent must be essentially immiscible with the waste stream. In theory, 

the degree of separation that can be achieved is provided by the selectivity· 

value; this value is the ratio of the equilibrium concentration of the con

stituent in the solvent to the equilibrium concentration of the constituent in 

the waste. 

The solvent and waste stream are mixed to allow mass transfer of the 

constituent(s) from the waste stream to the solvent. The solvent and waste 

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

The solvent solution containing the extracted contaminant is called 

the extract. The extracted waste stream with the contaminants removed is 

called the raffinate. The simplest extraction system comprises three compo

nents: (1) the solute, or the contaminant to be extracted; (2) the solvent; 

and (3) the nonsolute portion of the Wa.9te stream. For simple extractions, 

solute paases from the w~te stream to the solvent phase. A density differ

ence exists between the solvent and waste stream phases. The extract can be 

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

The simplest method of extraction is a single stage system. The 

solvent and waste stream are brought together; clean effluent and solvent are 

recovered without further extraction. The clean effluent is referred to as 

the raffinate, and the solvent containing the constituents that were removed 

from the waste stream is known as the extract. The amount of solute extracted 

is fixed by equilibrium relations and the quantity of solvent used. Single 

stage extraction is the least effective extraction system. 

Another method of extraction is simple multistage contact extrac

tion. In this system, the total quantity of solvent to be used is divided 

into several portivns. The waste stream is contacted with each of these 

portions of fresh solvent in a series of successive steps or stages. Raffi

nate from the first extraction stage is contacted with fresh solvent in a 

second stage, and so on. 

In countercurrent, multistage contact, fresh solvent and the waste 

stream enter at opposite ends of a series of extraction stages. Extract and 

raff inate layers pass continuously and countercurrently from stage to stage 

through the system. 

In order to achieve a reasonable approximation of phase equilibrium, 

solvent extraction requires the intimate contacting of the phases. Several 

types of extraction systems are used for contact and separation; two of these, 

mixer-settler systems and column contactors, are discussed below. 
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(1) Mixer-Settler Systems. Mixer-settler systems are comprised of 

a mixing chamber for phase dispersion, followed by a settling chamber for 

phase separation. The vessels may be either vertical or horizontal. Disper

sion in the mixing chamber occurs by pump circulation, nonmechanical in-line 

mixing, air agitation, or mechanical stirring. In a two-stage mixer-settler 

system the dispersed phase separates in a horizontal settler. The extract 

from the second settler is recycled to the first settler (see Figure 3-5). 

Extract properties such as density or specific constituent concentration may 

be monitored to determine when the extract must be sent to solvent recovery 

and fresh or regenerated solvent added to the system. Mixer-settler systems 

can handle solids or highly viscous liquids. Design scaleup is reliable, and 

mixer-settlers can handle difficult dispersion systems. Intense agitation to 

provide high rates of mass t~ansfer can produce·solvent-feed dispersions that 

are difficult to separate into distinct phases. 

(2) Column Contactors. Packed and sieve-tray are two different 

types of column contactors that do not require mechanical agitation. Figure 

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

A packed extractor contains packing materials, such as saddles, 

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

phase as it contacts the packing. 

The sieve-tray extractor is similar to a sieve-tray column used in 

distillation. Tray perforations result in the formation of liquid droplets to 

aid the mass transfer process. The improved transfer is accomplished by the 

fact that the droplets allow for more intimate contact between extract and 

raffinate. 

Waste Characteristics Affecting Performance 

In determining whether solvent extraction is likely to achieve the 

same level of performance on.an untested waste as a previously tested waste, 

the Agency will focus on the waste characteristics that provide an estimate of 

the selectivity value previously described. EPA believes that the selectivity 

value can best be estimated by analytically measuring the partitioning coeff i~ 

cients of the waste constituents of concern and the solubility of the waste 

matrix in the extraction solvent. 

Accordingly, EPA will use partitioning coefficients and solubility 

of the waste matrix aa surrogates for the selectivity value in making deci

sions regarding transfer of treatment standards. 
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Design and Operating Parameters 

EPA's analysis of whether a solvent extraction system is well 

designed will focus on whether the BOAT List constituents are likely to be 

effectively separated from the waste. The particular design and operating 

parameters to be evaluated are: (1) the selection of a solvent, (2) equilib

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

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

solvent extraction system, the most important aspect to evaluate is the 

solvent used and the basis on which the particular solvent was selected. 

Solvent selection is important because, as indicated previously, different 

waste constituents of concern will have different solubilities in various 

solvents, and it is the extent to which the waste constituents are preferen

tially soluble in the selected solvent that determines the effectiveness of 

this technology. In addition to this information, EPA would also want to 

review any empirical extraction data used to design the system. 

(2) Equilibrium Data. For solvent extraction systems that are 

operated in a continuous mode, the extraction process will generally be 

conducted using a series of equilibrium stages as discussed previously. The 

number of equilibrium stages and the associated flow rates of the waste and 

solvent will be based on empirical equilibrium data. EPA will evaluate these 

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

would provide sufficient mixing. 

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

equilibrium conditions and, consequently, the performance of the extraction 

system. Thus, EPA would attempt to monitor and record these values on a 

continuous basis. 

(4) Mixing. For mixer-settler type extraction processes, mixing 

determines the amount of contact between the two immiscible phases and, 

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

(5) Settling Time. For batch systems, adequate settling time must 

be allowed to ensure that separation of the phases has been completed. 

Accordingly, in assessing the design of a system, EPA would want to know 

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

Applicability and Use. of Sludge Filtration 

Sludge filtration, also known as sludge dewatering or cake-formation 

filtration, is a technology used on wastes that contain high concentrations of 

suspended solids, generally higher than one percent. The remainder of the 

waste is essentially water. Sludge filtration is applied to sludges, typi

cally those that have settled to the bottom of clarifiers, for dewatering. 

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

Underlying Principle of Operation 

The basic principle of filtration is the separation of particles 

from a mixture of fluids and particles by a medium that permit~ the flow of 

the fluid but retains the particles. As would be expected, larger particles 

are easier to separate from the fluid than smaller particles. Extremely small 

particles, in the colloidal range, may not be filtered effectively and may 

appear in the treated waste. To mitigate this problem, the wastewater should 

be treated prior to filtration to modify the particle size distribution in 

favor of the larger particles, by the use of appropriate precipitants, coagu

lants, flocculants, and filter aids. The selection of the appropriate precip

itant or coagulant is important because it affects the particles formed. For 

example, lime neutralization usually produces larger, less gelatinous parti

cles than does caustic soda precipitation. For larger particles that become 
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too small to filter effectively because of poor resistance to shearing, shear 

resistance can be improved by the use of coagulants and flocculants. Also, if 

pumps are used to feed the filter, shear can be minimized by designing for a 

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

Description of Sludge Filtration Process 

For sludge filtration, settled sludge is either pumped through a 

cloth-type filter media (such as in a plate and frame filter that allows solid 

"cake" to build up on the media) or the sludge is drawn by vacuum through the 

cloth media (such as on a drum or vacuum filter, which also allows the solids 

to build). In both cases the solids themselves act as a filter for subsequent 

solids removal. For a plate and frame type filter, removal of the solids is 

accomplished by taking the unit off line, opening the filter and scraping the 

solids off. For the vacuum type filter, cake is removed continuously. For a 

specific sludge, the plate and frame type filter will usually produce a drier 

cake than a vacuum filter. Other types or sludge filters, such as belt 

filters, are also used for effective sludge dewatering. 

Waste Characteristics Affecting Performance 

The following characteristics of the waste will affect performance 

of a sludge filtration unit: 

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

particles tend to go through th~ filter media. This is especially true for a 

vacuum filter. ror a pressure filter (like a plate and frame), smaller 

particles may require higher pressures for equivalent throughput, since the 

smaller pore spaces between particles create resistance to flow. 

(2) Type of particles. Some solids formed during metal precipita-

tion are gelatinous in nature and cannot be dewatered well by cake-formation 

filtration. In fact, for vacuum filtration a cake may not form at all. In 

most cases solids can be made less gelatinous by use of the appropriate 

coagulants and coagulant dosage prior to clarification, or after clarification 

but prior to filtration. In addition, the use of lime instead of caustic soda 

in metal precipitation will reduce the formation of gelatinous solids. Also 

the addition of filter aids to a gelatinous sludge, such as lime or diatoma

ceous earth, will help significantly. Finally, precoating the filter with 

diatomaceous earth prior to sludge filtration will assist in dewatering 

gelatinous sludges. 

Design and Operating Parameters 

For sludge filtration, the following design and operating variables 

affect performance: 

o type of filter selected, 
o size of filter selected, 
o feed pressure, and 
o use of coagulants or filter aids. 
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(1) Type of filter. Typically, pressure type filters (such as a 

plate and frame) will yield a drier cake than a vacuum type filter and will 

also be more tolerant of variations in influent sludge characteristics. 

Pressure type filters, however, are batch operations, so that when cake is 

built up to the maximum depth physically possible (constrained by filter 

geometry), or to the maximum design pressure, the filter is turned off while 

the cake is removed. A vacuum filter is a continuous device (i.e., cake 

discharges continuously), but will usually be much larger than a pressure 

filter with the same capacity. A hybrid device is a belt filter, which 

mechanically squeezes sludge between two continuous fabric belts. 

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

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

between cake discharge. 

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

size of the filter and the design flow rate. It is important that in treating 

waste that the design feed pressure not be exceeded, otherwise particles may 

be forced through the filter medium resulting in ineffective treatment. 

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

with filter feed prior to filtration. Their effect is particularly signifi

cant for vacuum filtration in that it may make the difference in a vacuum 

filter between no cake and a relatively dry cake. In a pressure filter, 

coagulants and filter aids will also significantly improve hydraulic capacity 
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and cake dryness. Filter aids, such as diatomaceous earth, can be precoated 

on filters (vacuum or pressure) for particularly difficult to filter sludges. 

The precoat layer acts somewhat like an in-depth filter in that sludge solids 

are trapped in the precoat pore spaces. Use of precoats and most coagulants 

or filter aids significantly increases the amount of sludge solids to be 

disposed of. However, polyelectrolyte coagulant usage usually does not 

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

Stabilization refers to a broad class of trea 

chemically or physically reduce the mobility of hazardous constituents in a 

waste. Solidification and fixation are other terms that are sometimes used 

synonymously for stabilization or to describe specific variations within the 

broader class of stabilization. Related technologies are encapsulation and 

thermoplastic binding; however, EPA considers these technologies to be 

distinct from stabilization in that the operational principles are 

significantly different. 

Applicability and Use of Stabilization 

Stabilization is used when a waste contains metals that will leach 

from the waste when it is contacted by water. In general, this technology is 

applicable to wastes containing BOAT List metals, having a high filterable 

solids content, low TOC content, and low oil and grease content. This tech

nology is commonly used to treat residuals generated from treatment of elec

troplating waatewaters. For some wastes, an alternative to stabilization is 

metal recovery. 

Underlying Principles of Operation 

The basic principle underlying this technology is that stabilizing 

agents and other chemicals are added to a waste in order to minimize the 
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amount of metal that leaches. The reduced leachability is accomplished by the 

formation of a lattice structure and/or chemical bonds that bind the metals to 

the solid matrix and, thereby, limit the amount of metal constituents that can 

be leached when water or a mild acid solution comes into contact with the 

waste material. 

There are two principal stabilization processes used; these are 

cement-based and lime/pozzolan-based. A brief discussion of each is provided 

below. In both cement-based or lime/pozzolan-based techniques, the stabiliz

ing process can be modified through the use of additives, such as silicates, 

that control curing rates or enhance the properties of the solid material. 

Portland Cement-Based Process 

Portland cement is a mixture of powdered oxides of calcium, silica, 

aluminum, and iron, produced by kiln burning of materials rich in calcium and 

silica at high temperatures {i.e., 14oo0 c to 1500°c). When the anhydrous 

cement powder is mixed with water, hydration occurs and the cement begins to 

set. The chemistry involved is complex because many different reactions occur 

depending on the composition of the cement mixture. 

As the cement begins to set, a colloidal gel of indefinite composi

tion and structure is formed. Over a period of time, the gel swells and forms 

a matrix composed of interlacing, thin, densely-packed silicate fibrils. 

Constituents present in the waste slurry (e.g., hydroxides and carbonates of 
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various heavy metals), are incorporated into the interstices of the cement 

matrix. The high pH of the cement mixture tends to keep metals in the form of 

insoluble hydroxide and carbonate salts. It has been hypothesized that metal 

ions may also be incorporated into the crystal structure of the cement matrix, 

but this hypothesis has not been verified. 

Lime/Pozzolan-Based Process 

Pozzolan, which contains finely divided, noncrystalline silica 

(e.g., fly ash or components of cement kiln dust), is a material that is not 

cementitious in itself, but becomes so upon the addition of lime. Metals in 

the waste are converted to silicates or hydroxides which inhibit leaching. 

Additives, again, can be used to reduce permeability and thereby further 

decrease leaching potential. 

Description of Stabilization Processes 

In most stabilization processes, the waste, stabilizing agent, and 

other additives, if uaed, are mixed and then pumped to a curing vessel or area 

and allowed to cure. The actual operation (equipment requirements and process 

sequencing) will depend on several factors such as the nature of the waste, 

the quantity of the waste, the location of the waste in relation to the 

disposal site, the particular stabilization formulation to be used, and the 

curing rate. After curing, the solid formed is recovered from the processing 

equipment and shipped for final disposal. 
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In instances where waste contained in a lagoon is to be treated, the 

material should be first transferred to mixing vessels where stabilizing 

agents are added. The mixed material is then fed to a curing pad or vessel. 

After curing, the solid formed is removed for disposal. Equipment commonly 

used also includes facilities to store waste and chemical additives. Pumps 

can be used to transfer liquid or light sludge wastes to the mixing pits and 

pumpable uncured wastes to the curing site. Stabilized wastes are then 

removed to a final disposal site. 

CoD111ercial concrete mixing and handling equipment generally can be 

used with wastes. Weighing conveyors, metering cement hoppers, and mixers 

similar to concrete batching plants have been adapted in some operations. 

Where extremely dangerous materials are being treated, remote-control and 

in-drum mixing equipment, such as that used with nuclear waste, can be 

employed. 

Waste Characteristics Affecting Performance 

In determining whether stabilization is likely to achieve the same 

level of performance on an untested waste as.on a previously tested waste, the 

Agency will focus on the characteristics that inhibit the formation of either 

the chemical bonds or the lattice structure. The four characteristics EPA has 

identified as affecting treatment performance are the presence of {1) fine 

particulates, {2) oil and grease, {3) organic compounds, and (4) certain 

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

based processes, the literature states that very fine solid materials (i.e., 

those that pass through a No. 200 mesh sieve, 74 um particle size) can weaken 

the bonding between waste particles and cement by coating the particles. This 

coating can inhibit chemical bond formation and decreases the resistance of 

the material to leaching. 

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

based and lime/pozzolan-based systems results in the coating of waste parti

cles and the weakening of the bonding between the particle and the stabilizing 

agent. This coating can inhibit chemical bond formation and thereby, decrease 

the resistance of the material to leaching. 

{3} Organic Compounds. The presence of organic compounds in the 

waste interferes with the chemical reactions and bond formation which inhibit 

curing of the stabilized material. This results in a stabilized waste having 

decreased resistance to leaching. 

{4} Sulfate and Chlorides. The presence of certain inorganic 

compounds will interfere with the chemical reactions, weakening bond strength 

and prolonging setting and curing time. Sulfate and chloride compounds may 

reduce the dimensional stability of the cured matrix, thereby increasing 

leachability potential. 

3-55 



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

sions regarding transfer of treatment standards based on stabilization. 

Design and Operating Parameters 

In designing a stabilization system, the principal parameters that 

are important to optimize so that the amount of leachable metal constituents 

is minimized are (1) selection of stabilizing agents and other additives, (2) 

ratio of waste to stabilizing agents and other additives, (3) degree of 

mixing, and (4) curing conditions. 

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

stabilizing agent and additives used will determine the chemistry and struc

ture of the stabilized material and, therefore, will affect the leachability 

of the solid material. Stabilizing agents and additives must be carefully 

selected based on the chemical and physical characteristics of the waste to be 

stabilized. For example, the amount of sulfates in a waste must be considered 

when a choice is being made between a lime/pozzolan and a Portland cement

based system. 

In order to select the type of stabilizing agents and additives, the 

waste should be tested in the laboratory with a variety of materials to 

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

stabilizing agents and additives is a critical parameter in that sufficient 

stabilizing materials are necessary .in the mixture to bind the waste constitu

ents of concern properly, thereby making them less susceptible to leaching. 

The appropriate weight ratios of waste to stabilizing agent and other addi

tives are established empirically by setting up a series of laboratory tests 

that allow separate leachate testing of different mix ratios. The ratio of 

water to.stabilizing agent (including water in the waste) will also impact the 

strength and leaching characteristics of the stabilized material. Too much 

water will cause low strength; too little will make mixing difficult and, more 

importantly, may not allow the chemical reactions that bind the hazardous 

constituents to be fully completed. 

(3) Mixing. The conditions of mixing include the type and duration 

of mixing. Mixing is necessary to ensure homogeneous distribution qf the 

waste and the stabilizing agents. Both undermixing and overmixing are unde

sirable. The first condition results in a nonhomogeneous mixture; therefore, 

areas will exist within the waste where waste particles are neither chemically 

bonded to the stabilizing agent nor physically held within the lattice struc

ture. Overmixing, on the other hand, may inhibit gel formation and ion 

adsorption in some stabilization systems. As with the relative amounts of 

waste, stabilizing agent, and additives within the system, optimal mixing 

conditions generally are determined through laboratory tests. During treat

ment it is important to monitor the degree (i.e., type and duration) of mixing 

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

of curing and the curing conditions (temperature and humidity). The duration 

or curing is a critical parameter to ensure that the waste particles have had 

sufficient time in which to form stable chemical bonds and/or lattice 

structures. The time necessary for complete stabilization depends upon the 

waste type and the stabilization used. The performance of the stabilized 

waste (i.e., the levels of constituents in the leachate) will be highly 

dependent upon whether complete stabilization has occurred. Higher tempera

tures and lower humidity increase the rate of curing by increasing the rate of 

evaporation or water from the solidification mixtures. However, if tempera

tures are too high, the evaporation rate can be excessive and result in too 

·little water being available for completion of the stabilization reaction. 

'nle duration or the curing process should also be determined during the design 

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

Applicability and Use of Hexavalent Chromium Reduction 

The process of hexavalent chromium (Cr+6) reduction involves conver

sion from the hexavalent form to the trivalent form of chromium. This tech

nology has wide application to hexavalent chromium wastes including plating 

solutions, stainless steel acid baths and rinses, "chrome conversion" coating 

process rinses, and chromium pigment manufacturing wastes. Because this 

technology requires the pH to be in the acidic range, it would not be applica

ble to a waste that contains significant amounts of cyanide or. sulfide. In 

such cases, lowering of the pH can generate toxic gases such as hydrogen 

cyanide or hydrogen sulfide. It is important to note that additional treat

ment is required to remove trivalent chromium from solution. 

Underlying Principles of Operation 

The basic principle of treatment is to reduce the valence of chro

mium in solution (in the form of chromate or dichromate ions) from the valence 

state of siz (+6) to the trivalent (+3) state. "Reducing agents" used to 

effect the reduction include sodium bisulfite, sodium metabisulfite, sulfur 

dioxide, sodium hydrosulfide, or the ferrous fo.rm or iron. 

A typical reduction equation, using sodium sulfite as the reducing 

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

At the completion of the chromium reduction step, the trivalent 

chromium compounds are precipitated from solution by raising the pH to a value 

exceeding about 8. The less soluble trivalent chromium (in the form of 

chromium hydroxide) is then allowed to settle from solution. The precipita-

tion reaction is as follows: 

Description of Chromium Reduction Process 

The chromium reduction treatment process can be operated in a batch 

or continuous mode. A batch system will consist of a reaction tank, a mixer 

to homogenize the contents of the tank, a supply of reducing agent, and a 

source of acid and base for pH control. 

A continuous chromium reduction treatment system, as shown in Figure 

3-7, will ~lly include a holding tank upstream of the reaction tank for 

flow and concentration equalization. It will also include instrumentation to 

automatically control the amount of reducing agent added and the pH of the 
. 

reaction tank. The amount of reducing agent is controlled by the use of a 

sensor called an oxidation reduction potential {ORP) cell. The ORP sensor 
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electronically measures, in millivolts, the level to which the redox reaction 

has proceeded at any given time. It must be noted though, that the ORP 

reading is very pH dependent. Consequently, if the pH is not maintained at a 

steady value, the ORP will vary somewhat, regardless of the level of chromate 

reduction. 

Waste Characteristics Affecting Performance 

In determining whether chromium reduction can treat an untested 

waste to the same level of performance as a previously tested waste, EPA will 

examine waste characteristics that affect the reaction involved with either 

lowering the pH or reducing the hexavalent chromium. EPA believes that such 

characteristics include the oil and grease content or the waste, total dis

solved solids, and the presence of other compounds that would undergo reduc

tion reaction. 

(1) Oil and Grease. EPA believes that these compounds could 

potentially interfere the oxidation-reduction reactions, as well as cause 

monitoring problems by fouling the instrumentation (e.g., electrodes). Oil 

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

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

addition of treatment chemicals into solution and possibly cause monitoring 

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

consist of other metals in the waste. Accordingly EPA will evaluate the type 

and concentration of other metals in the waste in evaluating transfer of 

treatment performances. 

Design and Operating Parameters 

The parameters that EPA will examine in assessing the design and 

operation of a chromium reduction treatment system are discussed below. 

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

know the level of performance that the facility is designed to achieve in 

order to ensure that the design is consistent with best demonstrated prac

tices. This parameter is important in that a system will not usually perform 

better than design. As well as knowing the treated design concentration, it 

is also important to know the characteristics of the untreated waste that the 

system is designed to handle. Accordingly, EPA will obtain data on the 

untreated wastes to ensure that waste characteristics fall within design 

specifications. 

(2) Reducing Agent. The choice of a reducing agent establishes the 

chemical reaction upon which the chromium reduction system is based. The 

amount of reducing agent needs to be monitored and controlled in both batch 

and continuous systems. In batch systems, reducing agent is usually con

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

tion of reducing agent. 

ORP will slowly change until the correct amount of reducing agent 

has been added, at which point ORP will change rapidly, indicating reaction 

completion. The set point for the ORP monitor is approximately the reading 

just after the rapid change has begun. The reduction system must then be 

monitored periodically to determine whether the selected setpoint needs 

further adjustment. 

(3) e.!:i· For batch and continuous systems, pH is an. important 

parameter because of its effect on the reduction reaction. For a batch 

system, it can be monitored intermittently during treatment. For continuous 

systems, the pH should be continuously monitored because or its affect on ORP. 

In evaluating the design and operation of a continuous chromium reduction 

system, it is important to know the pH on which the design ORP value is based, 

as well as the designed ORP value. 

(4) Retention Ti.me. Retention ti.me should be adequate to ensure 

that the hezavalent chromium reduction reaction goes to completion. In the 

case or the batch reactor, the retention time is varied by adjusting treatment 

time in the reaction tank. If the process is continuous, it is important to 

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

Applicability and Use of Chemical Precipitation 

Chemical precipitation is used when dissolved metals are to be 

removed from solution. This technology can be applied to a wide range of 

wastewaters containing dissolved BOAT list metals and other metals as well. 

This treatment process has been practiced widely by industrial facilities 

since the 1940s. 

Underlying Principles of Operation 

The underlying principle of chemical precipitation is that metals in 

wastewater are removed by the addition of a treatment chemical that converts 

the dissolved metal to a metal precipitate. This precipitate is less soluble 

than the original metal compound, and therefore settles out of solution, 

leaving a lower concentration of the metal present in the solution. The 

principal chemicals used to convert soluble metal compounds to the less 

soluble forms include: lime (Ca(OH)2) 1 caustic (NaOH), sodium sulfide (Na2S), 

and, to a lesser extent, soda ash (Na2C03), phosphate, and ferrous sulfide 

(FeS). 

The solubility of a particular compound will depend on the extent to 

which the electrostatic forces holding the ions of the compound together can 

be overcome. The solubility will change significantly with temperature; most 
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metal compounds are more soluble as the temperature increases. Additionally, 

the solubility will be affected by the other constituents present in a waste. 

As a general rule, nitrates, chlorides, and sulfates are more soluble than 

hydroxides, sulfides, carbonates, and phosphates. 

An important concept related to treatment of the soluble metal 

compounds is pH. This term provides a measure of the extent to which a 

solution contains either an excess of hydrogen or hydroxide ions. The pH 

scale ranges from O to 14; with 0 being the most acidic, 14 representing the 

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

When hydroxide is used, as is often the case, to precipitate the 

soluble metal compounds, the pH is frequently monitored to ensure that suffi

cient treatment chemicals are added. It is important to point out that pH is 

not a good measure of treatment chemical addition for compounds other than 

hydroxides; when sulfide is used, for example, facilities might use an oxida

tion-reduction potential meter (ORP) correlation to ensure that sufficient 

treatment chemical is used. 

Following conversion of the relatively soluble metal compounds to 

metal precipitates, the effectiveness of chemical precipitation is a function 

of the physical removal, which usually relies on a settling process. A 

particle of a specific size, shape, and composition will settle at a specific 

velocity, as described by Stokes' Law. For a batch system, Stokes' Law is a 

good predictor of settling time because the pertinent particle parameters 
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remain essentially constant. Nevertheless, in practice, settling time for a 

batch system is normally determined by empirical testing. For a continuous 

system, the theory of settling is complicated by factors such as turbulence, 

short-circuiting, and velocity gradients, increasing the importance of the 

empirical tests. 

Description of Chemical Precipitation Process 

The equipment and instrumentation required for chemical precipita

tion varies depending on whether the system is batch or continuous. Both 

operations are discussed below; a schematic of the continuous system is shown 

in Figure 3-8. 

For a batch system, chemical precipitation requires only a feed 

system for the treatment chemicals and a second tank where the waste can be 

treated and allowed to settle. When lime is used, it is usually added to the 

reaction tank in a slurry form. In a batch system, the supernate is usually 

analyzed before discharge, thus minimizing the need for instrumentation. 

In a continuous system, additional tanks are necessary, as well as 

instrumentation to ensure that the system is operating properly. In this 

system,.the first tank that the wastewater enters is referred to as an equal

ization tank. This is where the waste can be mixed in order to provide more 

uniformity, minimizing wide swings in the type and concentration of constitu

ents being sent to the reaction tank. It is important to reduce the 
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variability of the waste sent to the reaction tank because control systems 

inherently are limited with regard to the maximum fluctuations that can be 

managed. 

Following equalization, the waste is pumped to a rea~tion tank where 

treatment chemicals are added; this is done automatically by using instrumen

tation that senses the pH of the system and then pneumatically adjusts the 

position of the treatment chemical feed valve such that the design pH value is 

achieved. Both the _complexity and the effectiveness of the automatic control 

system will vary depending on the variation in the waste and the pH range that 

is needed to properly treat the waste. 

An important aspect of the reaction tank design is that it be 

well-mixed so that the waste and the treatment chemicals are both dispersed 

throughout the tank, in order to ensure comingling of the reactant and the 

treatment chemicals. In addition, effective dispersion of the treatment 

chemicals throughout the tank is necessary to properly monitor and, thereby, 

control the amount of treatment chemicals added. 

After the waste is reacted with the treatment chemical, it flows to 

a quiescent tank where the precipitate is allowed to settle and subsequently 

be removed. Settling can be chemically assisted through the use of flocculat

ing compounds. Flocculants increase the particle size and density of the 

precipitated solids, both of which increase the .rate of settling. The partic

ular flocculating agent that will best improve settling characteristics will 

vary depending on the particular waste; selection of .the flocculating 
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agent is generally accomplished by performing laboratory bench tests. Set

tling can be conducted in a large tank by relying solely on gravity or be 

mechanically assisted through the use of a circular clarifier or an inclined 

separator. Schematics of the latter two separators are shown in Figures 3-9 

and 3-10. 

Filtration can be used for further removal of precipitated residuals 

both in cases where the settling system is underdesigned and in cases where 

the particles are difficult to settle. Polishing filtration is discussed in a 

separate technology section. 

Waste Characteristics Affecting Performance 

In determining whether chemical precipitation is likely to achieve 

the same level of performance on an untested waste as a previously tested 

waste, we will examine the following waste characteristics: (1) the concen

tration and type of the metal(s) in the waste, (2) the concentration of 

suspended solids (TSS), (3) the concentration of dissolved solids (TDS), (4) 

whether the metal exists in the wastewater as a complex, and (5) the oil and 

grease content. These parameters either affect the chemical reaction of the 

metal compound, the solubility of the metal precipitate, or the ability of the 

precipitated compound to settle. 

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

specific pH at which the metal hydroxide is least soluble. As a result, when 
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a waste contains a mixture of many metals, it is not possible to operate a 

treatment system at a single pH which is optimal .for the removal of all 

metals. The extent to which this affects treatment depends on the particular 

metals to be removed, and their concentrations. An alternative can be to 

operate multiple precipitations, with intermediate settling, when the optimum 

pH occurs at markedly different levels for the metals present. The individual 

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

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

Certain suspended solid compounds are difficult to settle because of either 

their particle size or shape. Accordingly, EPA will evaluate this character

istic in assessing transfer of treatment performance. Total suspended solids 

can be measured by EPA Wastewater Test Method 160.2. 

(3) Concentration of total dissolved solids (TDS). Available 

information shows that total dissolved solids can inhibit settling. The 

literature states that poor flocculation is a consequence of high TDS and 

shows that higher concentrations of total suspended solids are found in 

treated residuals. Poor flocculation can adversely affect the degree to which 

precipitat~ particles are removed. Total dissolved solids can be measured by 

EPA Wastewater Test Method 160.1. 

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

surrounded by a group of other inorganic or organic ions or molecules (often 
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called ligands). In the complexed form, the metals have a greater solubility 

and, therefore, may not be as effectively removed from solution by chemical 

precipitation. EPA does not have an analytical method to determine the amount 

of complexed metals in the waste. The Agency believes that the best measure 

of complexed metals is to analyze for some common complexing compounds (or 

complexing agents) generally found in wastewater for which analytical methods 

are available. These complexing agents include ammonia, cyanide, and EDTA. 

The analytical method for cyanide is EPA Method 9010. The method for EDTA is 

ASTM Method 03113. Ammonia can be analyzed using EPA Wastewater Test Method 

350. 

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

particular waste directly inhibits the settling of the precipitate. Suspended 

oil droplets float in water and tend to suspend particles such as chemical 

precipitates that would otherwise settle out of the solution. Even with the 

use of coagulants or flocculants, the separation of the precipitate is less 

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

Design and Operating Parameters 

The parameters that EPA will evaluate when determining whether a 

chemical precipitation system is well designed are: (1) design value for 

treated metal concentrations, as well as other characteristics of the waste 

used for design purposes (e.g., total suspended solids), (2) pH, (3) residence 

time, (4) choice of treatment chemical, and (5) choice of 
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coagulant/flocculant. Below is an explanation of why EPA believes these 

parameters are important to a design analysis; in addition, EPA explains why 

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

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

attention to the treated concentration the system is designed to achieve when 

determining whether to sample a particular facility. Since the system will 

seldom outperform its design, EPA must evaluate whether the design is consis

tent with best demonstrated practice. 

The untreated concentrations that the system is designed to treat 

are important in evaluating any treatment system. Operation of a chemical 

precipitation treatment system with untreated waste concentrations in excess 

of design values can easily result in poor performance. 

(2) J2!!. The pH is important, because it can indicate that suff i

cient treatment chemical (e.g., lime) is added to convert the metal constitu

ents in the untreated waste to forms that will precipitate. The pH also 

affects the solubility or metal hydroxides and sulfides, and therefore 

directly impacts the effectiveness of removal. In practice, the design pH is 

determined by empirical bench testing, often referred to as "jar11 testing. 

The temperature at which the "jar" testing is conducted is important in that 

it also affects the solubility of the metal precipitates. Operation of a 

treatment system at temperatures above the design temperature can result in 

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

tions throughout the treatment period. 

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

impacts the completeness of the chemical reaction to form the metal precipi

tate and, to a greater extent, amount of precipitate that settles out of 

solution. In practice, it is determined by "jar" testing. For continuous 

systems, EPA will monitor the feed rate to ensure that the system is operated 

at design conditions. For batch systems, EPA will want information on the 

design parameter used to determine sufficient settling time (e.g., total 

suspended solids). 

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

type of precipitating agent (i.e., treatment chemical) will be used. The 

factor that most affects this choice is the type of metal constituents to be 

treated. Other design parameters, such as pH, residence time, and choice of 

coagulant/flocculant agents, are based on the selection of the treatment 

chemical. 

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

these compounds improve the settling rate of the precipitated metals and 

allow for smaller syste~ (i.e., lower retention time) to achieve the same 

degree or settling as a much larger system. In practice, the choice of the 

best agent and the amount required i3 determined by "jar" testing. 
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(6) Mixing. The degree of mixing is a complex assessment which 

includes, among other things, the energy supplied, the time the material is 

mixed, and the related turbulence effects of the specific size and shape of 

the tank. EPA will, however, consider whether mixing is provided and whether 

the type of mixing device is one that could be expected to achieve uniform 

mixing. For example, EPA may not use data from a chemical precipitation 

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

mixing. 
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4.0 PERFORMANCE DATA BASE 

This section presents the data available to the Agency on the 

treatment of refinery wastes K048-K052. Data are available for the following 

technologies: incineration, solvent extraction, pressure filtration, thermal 

drying, stabilization, and chromium reduction followed by lime and sulfide 

precipitation and vacuum filtration. Table 4-1 summarizes the performance 

data base available to the Agency. EPA's use of these data to develop treat

ment standards is discussed in Section 5.0 (Identification of BOAT) and 

Section 7.0 (Calculation of Treatment Standards). 

4.1 Incineration Performance Data Base 

The Agency tested a fluidized bed incineration process at plant A 

for treatment of K048 and K051. Prior to incineration at plant A, OAF float 

(K048) was mixed with waste biological sludge, and the mixture was dewatered 

using two belt filter presses. The dewatered OAF float mixture and API 

separator sludge (K051) were separately injected into the fluidized bed for 

combustion. Combu:stion gases with elutriated fly ash entered a cyclone for 

particulate removal and were then treated in a scrubber system prior to 

discharge to the atmosphere. Fluidized bed incinerator ash was collected from 

the ash conveyer from the cyclone. 

Tables 4-2 through 4-7 at the end of this section present, by sample 

set, the BOAT List constituents detected in the untreated (dewatered OAF float 
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mixture and API separator sludge) and treated (fluidized bed incinerator ash) 

wastes and the operating data from the fluidized bed incinerator treacment 

system. 

The Agency also collected treatment performance data for K048-K052 

wastewaters (scrubber water) from the fluidized bed incineration of K048 at 

plant A. Untreated K048 and scrubber water data are presented in Tables 4-8 

through 4-13 at the end of this section. (At proposal, these scrubber water 

data were not available to EPA and scrubber water data were transferred from 

incineration of K019.) 

Pilot-scale treatment performance data submitted from plant N for 

pyrolysis treatment of K048, K049, and K051 included total waste concentration 

data for the untreated waste and treated waste and TCLP data for the treated 

waste. The submitted data from plant N are presented in Section F.8 of 

Appendix f. 

4.2 Solvent Extraction Performance Data Base 

The Agency's performance data base for solvent extraction includes 

total concentration data sets and TCLP extract concentration data from 

treatment of K048-K052 nonwastewaters. As discussed in Section 1.0, the 

Agency is developing treatment standards for organic constituents based on the 

total concentration of those constituents in the waste. The total waste 

concentration data that were used in the development of BOAT treatment 
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standards are presented at the end of this section in Tables 4-16, 4-18, and 

4-19. Other data submitted to the Agency are presented in Appendix F. The 

Agency's procedures for evaluation of treatment data are discussed in Section 

5.0. 

4.3 Pressure Filtration Performance Data Base 

Treatment performance data for pressure filtration submitted from 

plants 8, C, D, and E included total waste concentrat1on data for the 

untreated wastes and the treated residuals. The total waste concentration 

data that were compared with data from other technologies are presented at the 

end of this section in Tables 4-14 and 4-15. Other data submitted to the 

Agency are presented iri Appendix F. 

4.4 Thermal Drying Performance Data Base 

Pilot-scale treatment performance data submitted from plant H for 

the thermal drying technology included total waste concentration data for the 

filter cakes and for the treated residuals. The submitted data from plant H 

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

4.5 Stabilization Performance Data Base 

The Agency tested incinerator ash from treatment of K048 and K051 

wastes at plant A using a stabilization process at plant I. The stabilization 
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process involves the addition of water and binder material to the incinerator 

ash followed by mixing and a cure period. The process was run three times 

using three different binders for a total of nine tests. The three types of 

binder materials used were: Portland cement, kiln dust, and a lime and ~ly 

ash mixture. At the end of the 28-day cure period for each test, TCLP was 

performed on stabilized ash samples. Table 4-17 presents the analytical 

results for BOAT List metals detected in the TCLP extracts of untreated 

(incinerator ash) and treated (stabilized ash) wastes and the design and 

operating data from the ash stabilization treatment system that were used in 

the development of BOAT standards. Other data submitted to the Agency include 

pilot-scale treatment performance data from three stabilization processes at 

plant J. These data are presented in Appendix F. 

4.6 Chromium Reduction Followed by Lime and Sulfide Precipitation and 

Vacuum Filtration Performance Data Base 

No data on the treatment of hexavalent chromium or other metals in 

K048-K052 wastewaters are available to the Agency. The Agency determined that 

treatment performance data for chromium reduction followed by lime and sulfide 

precipitation and vacuum.filtration presented in the Envirite Onsite Engineer

ing Report (Reference 27) from treatment of K062 and metal-bearing 

characteristic wastes represent treatment of hexavalent chromium and metals in 

wastewaters judged to be similar to wastewater forms of K048-K052. 
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Table 4-1 

PERFORMANCE DATA BASE SUMMARY 

LOCATION OF 
WASTE DATA IN 

PLANT CODES PILOT- OR BACKGROUND 
TECHNOLOGY CODE TREATED FULL-SCALE DOCUMENT 

Fluidized Bed A K048, K051 Full-Scale Section 4.0 
Incineration Tables 4-2 to 4-7 

Fluidized Bed A K048 Full-Scale Section 4.0 
Incineration Tables 4-8 to 4-13 
Scrubber Water 

Pressure Filtration B K051 Full-Scale Appendix F 
(Belt) Section F.1 

Pressure Filtration c Unspecified Full-Scale Section 4.0 
(Belt) mixture of Table 4-14 

refinery 
wastes 

Pressure Filtration D K048, K049, Full-Scale Section 4.0 
(Plate and Frame) K051 Table 4-15 

Pressure Filtration E K051, K052 Full-Scale Appendix F 
(Plate and Frame) Section F.2 

Solvent Extraction F K049-K051 Pilot-Scale Appendix F 
Section F.3 

Solvent Extraction G K048-K052 Full-Scale Section 4.0 
Mixture Table 4-16 

Thermal Drying H K048-K052 Pilot-Scale Appendix F 
Section E'.4 

Thermal Drying H K051,. K052 Pilot-Scale Appendix F 
Section F.4 
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Table 4-1 (Continued) 

PERFORMANCE DATA BASE SUMMARY 

DATA 
WASTE LOCATION IN 

PLANT CODES PILOT- OR BACKGROUND 
TECHNOLOGY** CODE TREATED FULL-SCALE DOCUMENT 

Stabilization I K048,K051 Pilot-Scale Section 4.0 
Table 4-17 

Stabilization J Unspecified Pilot-Scale Appendix F 
Mixture Section F.5 

Solvent Extraction K K048-K052 Pilot-Scale Appendix F 
Mixture Section F.6 

Solvent Extraction L K051 Full-Scale Appendix F 
Section F.7 

Solvent Extraction M K048-K052 Full-Scale Section 4.0 
3-Cycle Mixture Table 4-18 

Solvent Extraction M K048-K052 Full-Scale Section 4.0 
Single-Cycle Mixture Table 4-19 

Pyrolysis N K048, K049 Pilot-Scale Appendix F 
K051 Section ·F.8 

*Solvent Extraction 0 Appendix F 
Section F.9 

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

**The chromium reduction followed by lime and sulfide precipitation and vacuum 
filtration data are presented in the Envirite Onsite Engineering Report 
(References 27). 

RBD-4 
0719-01.nrj.6 
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Table 4-2 

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K048 AND K051 
PLANT A-FLUIDIZED BED INCINERATION 

Sample Set 111 

Untreated Waste 

K048* K051 
Concentration Concentration 

Detected BOAT List 
Organic Constituents 

VOLATILES 
4. Benzene 

21. Oichlorodifluoromethane 
226. Ethyl benzene 

38. Methylene chloride 
43. Toluene 
47. Trichloroethene 

215-217. Xylene (total) 

SEMI VOLATILES 
52. Acenaphthene 
59. Benz(a)anthracene 
10. Bis(2-ethylhexyl)phthalate 
80. Chrysene 
98. Di-n-butyl phthalate 

109. Fluorene 
121. Naphthalene 
141. Phenanthrene 
145. Pyrene 

mg/kg 
~ 

< 14 
310 

46 
<70 
120 
< 14 
120 

<20 
<20 
<20 
22 
67 
31 

100 
85 
35 

mg/kg 
~ 

<14 
<14 
48 

<70 
so 

< 14 
80 

33 
29 
28 
46 

150 
33 

160 
120 
66 

Treated Waste 
Fluidized Bed 

Incinerator Ash 
Concentration 

mg/kg 
~ 

<2 
<2 
<2 

< 10 
3 

<2 
<2 

<0.2 
<0.2 
< 1.0 
<0.2 
< 1.0 
<0.2 
<0.2 
<0.2 
<0.2 

*K048 is a dewatered mixture of OAF float (K048) and waste biosludge. 
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Table 4-2 (Continued) 

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K048 AND K051 
PLANT A - FLUIDIZED BED INCINERATION 

Sample Set 11 (Continued) 

Untreated Waste Treated Waste 
Fluidized Bed 

K048* K051 Incinerator Ash 
Concentration Concentration Concentration TCLP 

Detected BOAT List Metal mg/kg mg/kg mg/kg mg/L 
and Inorsanic Constituents ~ ~ ~ i2E!!!l 
154. Antimony <6 9 16 0.06 
155. Arsenic 6. 1 8.2 14 0.016 
156. Barium 63 120 130 o. 18 
157. Beryllium <0. 1 <0. 1 <O. 1 <0.001 
158. Cadmium 0.6 1.6 2.4 <0.003 
221. Chromium (hexavalent) <0.05 22@ 21 NA 
159. Chromium (total) 890 730 1400 2.2 
160. Copper 52 150 190 0.02 
161. Lead 400 940 940 <0.05 
162. Mercury <0.02 0. 19 <0.02 0.0003 
163. Nickel 13 36 60 <0.02 
164. Selenium 10 1.6 <0.3 0.033 
165. Silver <0.9 <0.9 <4 <0.009 
167. Vanadium 430 260 690 2.8 
168. Zinc 420 820 1000 0.079 

INORGANICS 
169. Total cyanide 0.7 0.8 <O. 1 
171. Sulfide 130 2900 <50 

NA = Not Analyzed 

*K048 is a dewatered mixture of OAF float (K048) and waste biosludge. 

@Colorimetric interference may have occurred in analysis of this sample. 
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Table 4-2 (Continued) 

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K048 AND K051 
PLANT A-FLUIDIZED BED INCINERATION 

Sample Set 11 (Continued) 

Oper-ating Range 
Nominal Dur-ing Sampling 

Design and Oper-ating Par-ameter-s Oper-ating Range Episode 

Bed Temper-atur-e (F)+ 1200-1300 1213-1240 
(1400 max.) 

Fr-eeboar-d Temper-ature (F)+ 1250-1350 1240-1253 
( 1450 max.) 

API Separator Sludge Feed Rate 0-24 22.3 
(gpm) 

Undewatered OAF Float Mixture 30-90 43 
Feed Rate (gpm) 

Constriction Plate Pressure 15-20 10.7-18.7 
Differential (In. H20)+ 

Fluidized Bed Pressure 60-100 90.4-102.4 
Differential (In. H20)+ 

02 (j Volume) NA 8.2-16.2 
CO (ppm-Volume) 35-800 50-135 
C02 (j Volume) NA 2.2-9.0 

+Str-ip charts for this parameter are included in Appendix E. 

NA=Not applicable 
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Table 4-3 

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K048 AND K051 
PLANT A - FLUIDIZED BED INCINERATION 

Sample Set /#2 

Untreated Waste Treated Waste 
Fluidized Bed 

K048* K051 Incinerator Ash 
Concentration Concentration Concentration 

Detected BOAT List mg/leg mg/leg mg/leg 
Organic Constituents ieE!!Ll. ~ ~ 

VOLATILES 
4. Benzene <14 < 14 <2 

21. Dichlorodifluoromethane 260 < 14 <2 
226. Ethyl benzene 120 46 <2 

38. Methylene chloride <70 <70 < 10 
43. Toluene 22 44 <2 
47. Trichloroethene < 14 < 14 <2 

215-217. Xylene (total) 110 71 <2 

SEMI VOLATILES 
52. Acenaphthene <20 <20 <0.2 

.59. Benz(a)anthracene <20 25 <0.2 
70. Bis(2-ethylhexyl)phthalate <20 <20 < 1.0 
80. Chrysene <20 47 <0.2 
98. Di-n-butyl phthalate 74 73 < 1.0 

109. Fluorene 31 37 <0.2 
121. Naphthalene 110 160 <0.2 
141. Phenanthrene 79 120 <0.2 
145. Pyrene 31 67 <0.2 

*K048 is a dewatered mixture of OAF float (K048) and waste biosludge. 
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Table 4-3 (Continued) 

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K048 AND K051 
PLANT A - FLUIDIZED BED INCINERATION 

Sample Set 12 (Continued) 

Untreated Waste Treated Waste 
Fluidized Bed 

K048* K051 Incinerator Ash 
Concentration Concentration Concentration TCLP 

Detected BOAT List Metal mg/kg mg/kg mg/kg mg/L 
and Inorganic Constituents i£E!!l iEE!!l i.2E1!l lli!!!l 

METALS 
154. Antimony 7 <6 13 0.06 
155. Arsenic 5.4 6.7 19 0.008 
156. Barium 67 73 160 0.24 
157. Beryllium <0. 1 <0. 1 <0. 1 <0.001 
158. Cadmium 0.7 1.3 3 <0.003 
221. Chromium (hexavalent) <0.05 <0.05 24 NA 
159. Chromium (total) 940 860 1500 2.6 
160. Copper 55 150 240 0.02 
161. Lead 390 670 1100 <0.05 
162. Mercury 0. 11 0.23 <0.02 <0.0002 
163. Nickel 14 30 74 <0.02 
164. Selenium 9.9 1. 1 <0.3 <0.02 
165. Silver <0.9 <0.9 <4.0 <0.009 
167. Vanadium 450 290 730 2.5 
168. Zinc 450 580 1100 0.086 

INORGANICS 
169. Total cyanide <0. 1 0.5 0.4 
171. Sulfide 200 3600 <50 

NA = Not analyzed 

• K048 is a dewatered mixture of OAF float (K048) and waste biosludge. 
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Table 4-3 (Continued) 

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K048 AND K051 
PLANT A - FLUIDIZED BED INCINERATION 

Sample Set #2 (Continued) 

Operating Range 
Nominal During Sampling 

Design and Operating Parameters Operating Range Episode 

Bed Temperature (F)+ 1200-1300 1227-1323 
( 1400 max.) 

Freeboard Temperature (F)+ 1250-1350 1253-1293 
(1450 max.) 

API Separator Sludge Feed Rate 0-24 22.3 
(gpm) 

Undewatered OAF Float Mixture 30-90 53 
Feed Rate (gpm) 

Constriction Plate Pressure 15-20 8.7-18.0 
Differential (In. H20)+ 

Fluidized Bed Pressure 60-100 91.2-104.0 
Differential (In. H20)+ 

02 (j Volume) NA 9.2-16.0 
CO (ppm-Volume) 35-800 80-355 
C02 (j Volume) NA 2. 3-8. 1 

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

NA:Not applicable 
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Table 4-4 

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K048 AND K051 
PLANT A - FLUIDIZED BED INCINERATION 

Sample Set #3 

Untreated Waste Treated Waste 
Fluidized Bed 

K048* K051 Incinerator Ash 
Concentration Concentration Concentration 

Detected BOAT ~ist mg/kg mg/kg mg/kg 
Organic Constituents iEE!!l iBe2. iEE!!l 
VOLATILES 

4. Benzene < 14 < 14 <2 
21. Dichlorodifluoromethane < 14 <14 <2 

226. Ethyl benzene 33 52 <2 
38. Methylene chloride <70 <70 < 10 
43. Toluene 59 42 <2 
47. Trichloroethene < 14 <14 <2 

215-217. Xylene (total) . 100 73 <2 

SEMI VOLATILES 
52. Acenaphthene <20 <20 <0.2 
59. Benz(a)anthracene <20 22 <0.2 
70. Bis(2-ethylhexyl) 

phthalate <20 30 < 1.0 
80. Chrysene 21 45 <0.2 
98. Di-n-butyl phthalate 160 200 < 1.0 

109. Fluorene 32 35 <0.2 
121. Naphthalene 110 150 <0.2 
141. Phenanthrene 84 110 <0.2 
145. Pyrene 33 62 <0.2 

*K048 is a dewatered mixture of OAF float (K048) and waste biosludge. 
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Table 4-4 (Continued) 

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K048 AND K051 
PLANT A - FLUIDIZED BED INCINERATION 

Sample Set #3 (Continued) 

Untreated Waste Treated Waste 
Fluidized Bed 

K048* K051 Incinerator Ash 
Concentration Concentration Concentration TCLP 

Detected BOAT List Metal mg/kg mg/kg mg/kg mg/L 
and Inorganic Constituents iEE!!!l iEE!!U. iEE!!!l iEE!!!l 
METALS 
154. Antimony <6 18 13 0.09 
155. Arsenic 5.7 9.7 13 0.022 
156. Barium 68 100 140 0. 17 
157. Beryllium <0. l <0. 1 0.5 <0.001 
158. Cadmium 0.4 1.5 2 <0.003 
221. Chromium (hexavalent) <0.05 <0.05 23 NA 
159. Chromium (total) 960 900 1300 2. 1 
160. Copper 56 160 200 0.02 
161. Lead 410 790 1100 <0.05 
162. Mercury o. 12 0.28 <0.02 <0.0002 
163. Nickel 16 35 51 <0.02 
164. Selenium 7.5 1.2 <0.3 0.085 
165. Silver <0.9 <0.9 <4 <0.009 
167. Vanadium 460 300 690 3. 1 
168. Zinc 450 670 1000 0.087 

INORGANICS 
169. Total cyanide <O. 1 <0. 1 <0. 1 
171. Sulfide 2300 3200 <50 

NA = Not Analyzed 

• K048 is a dewatered mixture of OAF float (K048) and waste biosludge. 
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Table 4-4 (Continued} 

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K048 AND K051 
PLANT A - FLUIDIZED BED INCINERATION 

Sample Set 13 (Continued} 

Operating Range 
Nominal During Sampling 

Design and Operating Parameters Operating Range Episode 

Bed Temperature (F}+ 1200-1300 1227-1287 
(1400 max.) 

Freeboard Temperature (F)+ 1250-1350 1253-1287 
(1450 max.) 

API Separator Sludge Feed Rate 0-24 22.3-22.4 
(gpm} 

Undewatered OAF Float Mixture 30-90 50 
Feed Rate (gpm} 

Constriction Plate Pressure 15-20 9.3-18.7 
Differential (In. H20)+ 

Fluidized Bed Pressure 60-100 91.2-104. 0 
Differential (In. H20)+ 

02 (J Volume) NA 9.5-16.8 
CO (ppm-Volume) 35-800 45-140 
C02 (J Volume) NA 2.2-8.6 

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

NA:Not analyzed 
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Table 4-5 

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K048 AND K051 
PLANT A-FLUIDIZED BED INCINERATION 

Sample Set 114 

Untreated Waste Treated Waste 
Fluidized Bed 

K048* K051 Incinerator Ash 
Concentration Concentration Concentration 

Detected BOAT List mg/kg mg/kg mg/kg 
Organic Constituents lli!l lli!l lli!l 
VOLATILES 

4. Benzene < 14 <14 <2 
21. Dichlorodifluoromethane <14 < 14 <2 

226. Ethyl benzene <14 50 <2 
38. Methylene chloride <70 <70 < 10 
43. Toluene 28 33 <2 
47. Trichloroethene <14 <14 <2 

215-217. Xylene (total) 79 72 5.8 

SEMI VOLATILES 
52. Acenaphthene <20 <20 <0.2 
59. Benz(a)anthracene <20 23 <0.2 
70. Bis(2-ethylhexyl)phthalate 59 26 < 1.0 
80. Chrysene <20 48 <0.2 
98. Di-n-butyl phthalate 190 170 < 1.0 

109. Fluorene 31 35 <0.2 
121. Naphthalene 93 150 <0.2 
141 . Phenanthrene 77 120 <0.2 
145. Pyrene 31 74 <0.2 

*K048 is a dewatered mixture of OAF float (K048) and waste biosludge. 
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Table 4-5 (Continued) 

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K048 AND K051 
PLANT A - FLUIDIZED BED INCINERATION 

Sample Set #4 (Continued) 

Untreated Waste Treated Waste 
Fluidized Bed 

K048• K051 Incinerator Ash 
Concentration Concentration Concentration TCLP 

Detected BOAT List Metal mg/kg mg/kg mg/kg mg/L 
and Inorganic Constituents iEE!!U. iEE!!U. iEE!!U. ~ 

METALS 
154. Antimony <6 15 17 0.06 
155. Arsenic 4.9 7.5 14 0.015 
156. Barium 61 92 180 0.25 
157. Beryllium <0. 1 <O. 1 0.7 <0.001 
158. Cadmium <0.3 1.4 2 <0.003 
221. Chromium (hexavalent) <0.05 <0.05 24 NA 
159. Chromium (total) 840 960 1600 2.3 
160. Copper 49 140 240 0.02 
161. Lead 340 690 1200 <0.05 
162. Mercury o. 13 0.07 <0.02 0.0003 
163. Nickel 14 37 80 <0.02 
164. Selenium 8.7 0.9 <0.3 0. 11 
165. Silver <0.9 <0.9 <4 <0.009 
167. Vanadium 390 320 790 2.7 
168. Zinc 400 650 1100 0.086 

INORGANICS 
169. Total cyanide 1 1.4 0.5 
171. Sulfide 2500 4800 <50 

NA = Not Analyzed 

• K048 is a dewatered mixture of OAF float (K048) and waste biosludge. 
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Table 4-5 (Continued) 

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K048 AND K051 
PLANT A - FLUIDIZED BED INCINERATION 

Sample Set #4 (Continued) 

Design and Operating Parameters 

Bed Temperature (F)+ 

Freeboard Temperature (F)+ 

API Separator Sludge Feed Rate 
(gpm) 

Undewatered OAF Float Mixture 
Feed Rate (gpm) 

Constriction Plate Pressure 
Differential (In. H20)+ 

Fluidized Bed Pressure 
Differential (In. H20)+ 

02 (j Volume) 
CO (ppm-Volume) 
C02 (j Volume) 

Nominal 
Operating Range 

1200-1300 
( 1400 max.) 
1250-1350 

( 1450 max.) 
0-24 

30-90 

15-20 

60-100 

NA 
35-800 

NA 

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

NA=Not applicable 
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Operating Range 
During Sampling 

Episode 

1200-1260 

1253-1273 

22.3-22.4 

61 

8.7-18.3 

91.2-105. 6 

10.5-17.0 
40-340 

2.8-7.9 



Table 4-6 

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K048 AND K051 
PLANT A-FLUIDIZED BED INCINERATION 

Sample Set 15 

Untreated Waste Treated Waste 
Fluidized Bed 

K048• K051 Incinerator Ash 
Concentration Concentration Concentration 

Detected BOAT List mg/kg mg/kg mg/kg 
Organic Constituents iEl2!!l iEl2!!l ieQ!!!l 

VOLATILES 
4. Benzene <14 <14 <2 

21. Dichlorodifluoromethane <14 < 14 <2 
226. Ethyl benzene 41 49 <2 
38. Methylene chlorine <70 <70 < 10 
43. Toluene 41 34 <2 
47. Trichloroethene <14 <14 <2 

215-217. Xylene (total) 110 71 <2 

SEMI VOLATILES 
52. Acenaphthene <20 <20 <0.2 
59. Benz(a)anthracene <20 24 <0.2 
70. Bis(2-ethylhexyl)phthalate 21 28 < 1.0 
80. Chrysene 22 47 <0.2 
98. Di-n-butyl phthalate 74 230 < 1.0 

109. Fluorene 32 37 <0.2 
121. Naphthalene 94 160 <0.2 
141 . Phenanthrene 83 120 <0.2 
145. Pyrene 34 74 <0.2 

•K048 is a dewatered mixture of OAF float (K048) and waste biosludge. 
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Table 4-6 (Continued) 

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K048 ANO K051 
PLANT A - FLUIDIZED BED INCINERATION 

Sample Set #5 (Continued) 

Untreated Waste Treated Waste 
Fluidized Bed 

K048* K051 Incinerator Ash 
Concentration Concentration Concentration TCLP 

Detected BOAT List Metal mg/kg mg/kg mg/kg mg/L 
and Inorganic Constituents iBE!!l iBE!!l iBE!!l lli!!!l 
METALS 
154. Antimony <6 9 16 0.06 
155. Arsenic 5.5 8.3 13 0.022 
156. Barium 59 100 180 0.20 
157. Beryllium <0. 1 . <O. 1 0.6 <0.001 
158. Cadmium <0.3 1. 7 2 <0.003 
221. Chromium (hexavalent) <0.05 <0.05 40 NA 
159. Chromium (total) 810 1100 1600 2.4 
160. Copper 47 170 240 0.02 
161. Lead 330 700 1300 <0.05 
162. Mercury o. 16 0.31 <0.02 0.0003 
163. Nickel 14 37 70 <0.02 
164. Selenium 11 0.5 <0.3 0. 12 
165. Silver <0.9 1.4 <4 <0.009 
167. Vanadium 370 350 830 2.9 
168. Zinc 380 680 1100 0.079 

INORGANICS 
169. Total cyanide <0. 1 <O. 1 <O. 1 
171. Sulfide 2800 4000 <50 

NA = Not Analyzed 

• K048 is a dewatered mixture of OAF float (K048) and waste biosludge. 

4-20 



Table 4-6 (Continued) 

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K048 AND K051 
PLANT A - FLUIDIZED BED INCINERATION 

Sample Set 15 (Continued) 

Operating Range 
Nominal During Sampling 

Design and Operating Parameters Operating Range Episode 

Bed Temperature (F)+ 1200-1300 1220-1253 
(1400 max.) 

Freeboard Temperature (F)+ 1250-1350 1253-1267 
(1450 max.) 

API Separator Sludge Feed Rate 0-24 22.3 
(gpm) 

Undewatered OAF Float Mixture 30-90 53 
Feed Rate (gpm) 

Constriction Plate Pressure 15-20 8.7-18.7 
Differential (In. H20)+ 

Fluidized Bed Pressure 60-100 92.8-105.6 
Differential (In. H20)+ 

02 CJ Volume) NA 10.8-17.3 
CO (ppm-Volume) 35-800 30-910 
C02 (j Volume) NA 2.8-7.5 

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

NA=Not applicable 
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Table 4-7 

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K048 AND K051 
PLANT A-FLUIDIZED BED INCINERATION 

Sample Set 116 

Untreated Waste Treated Waste 
Fluidized Bed 

K048* K051 Incinerator Ash 
Concentration Concentration Concentration 

Detected BOAT List mg/kg mg/kg mg/kg 
Organic Constituents ~ ~ ~ 

VOLATILES 
4. Benzene <14 < 14 <2 

21. Dichlorodifluoromethane < 14 < 14 <2 
226. Ethyl benzene 49 52 <2 
38. Methylene chloride <70 <70 < 10 
43. Toluene 34 71 <2 
47. Trichloroethene < 14 < 14 <2 

215-217. Xylene (total) < 14 83 <2 

SEMI VOLATILES 
52. Acenaphthene <20 <20 <0.2 
59. Benz(a)anthracene <20 25 <0.2 
70. Bis(2-ethylhexyl)phthalate <20 <20 < 1.0 
80. Chrysene <20 51 <0.2 
98. 01-n-butyl phthalate 130 43 < 1.0 

109. Fluorene 31 36 <0.2 
121. Naphthalene 98 170 <0.2 
141. Phenanthrene 86 120 <0.2 
145. Pyrene 31 67 <0.2 

*K048 is a dewatered mixture of OAF float (K048) and waste biosludge. 



Table 4-7 (Continued) 

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K048 AND K051 
PLANT A - FLUIDIZED BED INCINERATION 

Sample Set #6 (Continued) 

Untreated Waste Treated Waste 
Fluidized Bed 

K048* K051 Incinerator Ash 
Concentration Concentration Concentration TCLP 

Detected BOAT List Metal mg/kg mg/kg mg/kg mg/L 
and Inorganic Constituents .lee!ll iEe!l iEe!l iEe!l 
METALS 
154. Antimony <6 <6 15 0.07 
155. Arsenic 5.4 5.4 16 0.025 
156. Barium 61 72 180 0.21 
157. Beryllium <O. 1 <0. 1 <O. 1 <0.001 
158. Cadmium 0.4 1.2 3. 1 <0.003 
221. Chromium (hexavalent) <0.05 <0.05 30 NA 
159. Chromium (total) 830 840 1700 2. , 
160. Copper 48 130 250 0.02 
161. Lead 350 640 1100 <0.05 
162. Mercury 0. 14 0. 11 <0.02 <0.0002 
163. Nickel 13 26 73 0.03 
164. Selenium 1 1 0.9 <0.3 o. 12 
165. Silver <0.9 <0.9 <4 <0.009 
167. Vanadium 380 280 910 3.6 
168. Zinc 390 570 1200 0. , 1 

INORGANICS 
169. Total cyanide 0.9 0.6 0.5 
171. Sulfide 360 3400 <50 

NA = Not Analyzed 

• K048 is a dewatered mixture of OAF float (K048) and waste biosludge. 
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Table 4-7 (Continued) 

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K048 AND K051 
PLANT A - FLUIDIZED BED INCINERATION 

Sample Set #6 (Continued) 

Operating Range 
Nominal During Sampling 

Design and Operating Parameters Operating Range Episode 

Bed Temperature (F}+ 1200-1300 1220-1240 
( 1400 max.) 

Freeboard Temperature (F}+ 1250-1350 1253-1267 
( 1450 max.) 

API Separator Sludge Feed Rate 0-24 22.3 
(gpm) 

Undewatered OAF Float Mixture 30-90 61 
Feed Rate (gpm) 

Constriction Plate Pressure 15-20 10.0-18.0 
Differential (In. H20)+. 

Fluidized Bed Pressure 60-100 92.8-105.6 
Differential (In. H20)+ 

02 (j Volume) NA 10.8-16.0 
CO (ppm-Volume) 35-800 50-770 
C02 (j Volume) NA 5.7-7.7 

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

NA=Not applicable 
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Table 4-8 

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

Detected BOAT List 
Organic Constituents 

VOLATILES 
4. Benz~ne 

226. Ethylbenzene 
43. Toluene 

215-
217. Xylene (total) 

SEMI VOLATILES 
80. Chrysene 

109. Fluorene 
121. Naphthalene 
141. Phenanthrene 
145. Pyrene 

Detected BOAT List 
Metal Constituents 

154. Antimony 
155. Arsenic 
156. Barium 
157. Beryllium 
158. Cadmium 
159. Chromium (total) 
221. Chromium (hexavalent) 
160. Copper 
161. Lead 
162. Mercury 
163. Nickel 
164. Selenium 
167. Vanadium 
168. Zinc 

Sample Set 111 

Untreated 
K048* 

Concentration 
mg/kg 
~ 

14 
46 
130 

170 

46 
<0.66 

321 
166 
79 

5.0 
3.9 

47.0 
0.84 
<0.4 
190.0 

30.0 
180 

<0.05 
11.0 
5.5 

230.0 
280.0 

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

Scrubber 
Water 

Concentt"ation 
mg/L 
.L2eml 

<0.0041 
<0.0040 
<0.0040 

<0.0040 

<0.010 
<0.010 
<0.010 
<0.010 
<0.010 

<0.034 
0.32 

1.6 
0.004 
0.009 
5.9 
1.3 
1.3 
9.4 

0.0034 
0.29 
0.9 
7.7 
9.0 

*K048 is a dewatered mixture of OAF float (K048) and waste biosludge. 
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Table 4-8 (Continued} 

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

Detected BOAT List 
Inorganic Constituents 

169. Cyanide 
170. Fluoride 
171. Sulfide 

Physical Parameters 

Total Solids 

Sample Set 111 

Untreated 
K048* 

Concentration 
mg/kg 
iEE!!!l 
<0.6 
5.3 
880 

120,000 

---Data were not available for this constituent. 

Scrubber 
Water 

Concentration 
mg/L 
i.e.e!!!J. 

0.32 
2.0 

7,700 

*K048 is a dewatered mixture of OAF float (K048) and waste biosludge. 

4-26 



Table 4-9 

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K0~8 
PLANT A - FLUIDIZED BED INCINERATOR SCRUBBER WATER 

Detected BOAT List 
Organic Constituents 

VOLATILES 
4. Benzene 

226. Ethylbenzene 
43. Toluene 

215-
217. Xylene (total) 

SEMI VOLATILES 
80. Chrysene 

109. Fluorene 
121. Naphthalene 
141. Phenanthrene 
145. Pyrene 

Detected BOAT List 
Metal Constituents 

154. Antimony 
155. Arsenic 
156. Barium 
157. Beryllium 
158. Cadmium 
159. Chromium (total) 
221. Chromium (hexavalent) 
160. Copper 
161. Lead 
162. Mercury 
163. Nickel 
164. Selenium 
167. Vanadium 
168. Zinc 

Sample Set 112 

Untreated 
K048• 

Concentration 
mg/kg 
~ 

14 
43 
140 

150 

42 
<0.66 
300 
160 
70 

4.7 
2.9 

45.0 
0.81 
<0.4 
190.0 

28.0 
180 
0. 1 
9.7 
5.2 

230.0 
270.0 

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

Scrubber , 
Water 

Concentration 
mg/L 
i.22!!11. 

<0.0041 
<0.0040 
<0.0040 

<0.0040 

<0.010 
<0.010 
<0.010 
<0.010 
<0.010 

0.094 
0.39 
4.7 

0.015 
0.039 
24.0 

1. 6 
4.3 

10.0 
0.0032 

1.2 
0.6 

29.0 
33.0 

*K048 is a dewatered mixture of OAF float (K048) and waste biosludge. 
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Table 4-9 (Continued) 

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

Detected BOAT List 
Inorganic Constituents 

169. Cyanide 
170. Fluoride 
171. Sulfide 

Physical Parameters 

Total Solids 

Sample Set 12 

Untreated 
K048• 

Concentration 
mg/kg 
iBE!!l 

7.9 
8.9 
830 

280,000 

---Data were not available for this constituent. 

Scrubber 
Water 

Concentration 
mg/L 
.leE!!!l 

0.28 
2.0 

5,400 

*K048 is a dewatered mixture of OAF float (K048) and waste biosludge. 
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Table 4-10 

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

Detected BOAT List 
Organic Constituents 

VOLATILES 
4. Benzene 

226. Ethylbenzene 
43. Toluene 

215-
217. Xylene (total) 

SEMI VOLATILES 
80. Chrysene 

109. Fluorene 
121. Naphthalene 
141. Phenanthrene 
145. Pyrene 

Detected BOAT List 
Metal Constituents 

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

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium (total) 
Chromium (hexavalent) 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Vanadium 
Zinc 

Sample Set #3 

Untreated 
K048* 

Concentration 
mg/kg 
iEE!!!.l 

16 
45 
150 

160 

59 
49 
290 
170 
91 

4.4 
3.5 

43.0 
0.79 
<0.4 
180.0 
<0.4 
27.0 

180 
0. 1 
9.5 
5.7 

220.0 
260.0 

NS = Sample aliquot was not sufficient for analysis. 

Scrubber 
Water 

Concentration 
mg/L 
iEE!!!.l 

<0.0041 
<0.0040 
<0.0040 

<0.0040 

<0.010 
<0.010 
<0.010 
<0.010 
<0.010 

NS 
0.22 

NS 
NS 
NS 
NS 
1.2 
NS 
9.0 

<0.002 
NS 

0. 19 
NS 
NS 

*K048 is a dewatered mixture of OAF float (K048) and waste biosludge. 

RBD-4 
0720-01.nrj.5 
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Table 4-10 (Continued) 

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

Detected BOAT List 
Inorganic Constituents 

169. Cyanide 
170. Fluoride 
171. Sulfide · 

Physical Parameters 

Total Solids 

Sample Set 13 

Untreated 
K048* 

Concentration 
mg/kg 
iee!!l 
2.6 
5.5 
700 

180,000 

---Data were not available for this constituent. 

Scrubber 
Water 

Concentration 
mg/L 
~ 

0.28 
2.0 

5,200 

*K048 is a dewatered mixture of OAF float (K048) and waste biosludge. 
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Table 4-11 

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

Detected BOAT List 
Organic Constituents 

VOLATILES 
4. Benzene 

226. Ethylbenzene 
43. Toluene 

215-
217. Xylene (total) 

SEMI VOLATILES 
80. Chrysene 

109. Fluorene 
121. Naphthalene 
141. Phenanthrene 
145. Pyrene 

Detected BOAT List 
Metal Constituents 

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

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium (total) 
Chromium (hexavalent) 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Vanadium 
Zinc 

Sample Set 1#4 

Untreated 
K048* 

Concentration 
mg/kg 
i.eEl!Ll. 

14 
46 
140 

170 

55 
52 
310 
186 
88 

4.4 
3. 1 

44.0 
0.82 
<0.4 
180.0 

27.0 
170 

0. 18 
9.7 
5.3 

230.0 
260.0 

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

Scrubber 
Water 

Concentration 
mg/L 
i£E!!!.l 

<0.0041 
<0.0040 
<0.0040 

<0.0040 

<0.010 
<0.010 
<0.010 
<0.010 
<0.010 

0.085 
0.23 
2.6 

0.008 
0.017 
8.5 
1.2 
1. 9 
7.4 

<0.002 
0.44 
0.52 
13.0 
14.0 

*K048 is a dewatered mixture of OAF float (K048) and waste biosludge. 
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Table 4-11 (Continued) 

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

Detected BOAT List 
Inorganic Constituents 

169. Cyanide 
170. Fluoride 
171. Sulfide 

Physical Parameters 

Total Solids 

Sample Set 14 

Untreated 
K048• 

Concentration 
mg/kg 
i.ee!U. 

1. 1 
10.0 
760 

2,000 

---Data were not available for this constituent. 

Scrubber 
Water 

Concentration 
mg/L 
lli!tl 

0.23 
3.0 

5,400 

*K048 is a dewatered mixture of OAF float (K048) and waste biosludge. 
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Table 4-12 

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

Detected BOAT List 
Organic Constituents 

VOLATILES 
4. Benzene 

226. Ethylbenzene 
43. Toluene 

215-
217. Xylene (total) 

SEMI VOLATILES 
80. Chrysene 

109. Fluorene 
121. Naphthalene 
141. Phenanthrene 
145. Pyrene 

Detected BOAT List 
Metal Constituents 

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

Antimony 
Arsenic 
Barium 
Beryllium 

.Cadmium 
Chromium (total} 
Chromium (hexavalent) 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Vanadium 
Zinc 

Sample Set 115 

Untreated 
K048* 

Concentration 
mg/kg 
iE.e!!!l 

15 
42 
150 

150 

<0.66 
58 
350 
190 
93 

4.7 
3.6 

45.0 
0.84 
<0.4 
180.0 

27.0 
170 

0.26 
8.9 
5.4 

230.0 
270.0 

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

Scrubber 
Water 

Concentrai:ion 
mg/L 
iEE!!Ll. 

<0.0041 
<0.0040 
<0.0040 

<0.0040 

<0.010 
<0.010 
<0.010 
<0.010 
<0.010 

0.085 
0.22 
2.2 

0.006 
0.015 

7.3 
1. 1 
1. 7 
8.4 

<0.002 
0.39 
0.44 
11. 0 
12.0 

*K048 is a dewatered mixture of OAF float (K048) and waste biosludge. 
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Table 4-12 (Continued) 

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

Detected BOAT List 
Inorganic Constituents 

169. Cyanide 
170. Fluoride 
171. Sulfide 

Physical Parameters 

Total Solids 

Sample Set #5 

Untreated 
K048* 

Concentration 
mg/kg 
~ 

<0.6 
16.0 
1,200 

170,000 

---Data were not available for this constituent. 

Scrubber 
Water 

Concentration 
mg/L 
~ 

0.24 
2.0 

5,300 

*K048 is a dewatered mixture of OAF float (K048) and waste biosludge. 
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Table 4-13 

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

Detected BOAT List 
Organic Constituents 

VOLATILES 
4. Benzene 

226. Ethylbenzene 
43. Toluene 

215-
217. Xylene (total) 

SEMI VOLATILES 
80. Chrysene 

109. Fluorene 
121. Naphthalene 
141. Phenanthrene 
145. Pyrene 

Detected BOAT List 
Metal Constituents 

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

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium (total) 
Chromium (hexavalent) 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Vanadium 
Zinc 

Sample Set i#6 

Untreated 
K048* 

Concentration 
mg/kg 
~ 

13 
45 
140 

170 

49 
52 
310 
190 
82 

4.6 
3.6 

45.0 
0.83 
<0.4 
180.0 

28.0 
180 

0. 18 
9.4 
5.6 

230.0 
260.0 

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

Scrubber 
Water 

Concentration 
mg/L 
.Ll?..e!!!.2. 

<0.0041 
<0.0040 
<0.0040 

<0.0040 

<0.010 
<0.010 
<0.010 
<0.010 
<0.010 

0. 16 
0.31 
2.06 
0.039 

<0.004 
6.7 
1. 1 
1. 9 
12 

<0.002 
0.38 
0.64 
16.0 
10.0 

*K048 is a dewatered mixture of OAF float (K048) and waste biosludge. 

4-35 



Table 4-13 (Continued) 

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

Detected BOAT List 
Inorganic Constituents 

169. Cyanide 
170. Fluoride 
171. . Sulfide 

Physical Parameters 

Total Solids 

Sample Set #6 

Untreated 
K048* 

Concentration 
mg/kg 
1m2!!2. 

4.5 
22.0 

330 

240,000 

---Data were not available for this constituent. 

Scrubber 
Water 

Concentration 
mg/L 
iee!!!l 

0.25 
< 1.0 

8,600 

*K048 is a dewatered mixture of OAF float (K048) and waste biosludge. 
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Table 4-14 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY 
(SPECIFIC WASTE CODES NOT REPORTED) 

PLANT C - PRESSURE FILTRATION (BELT FILTER PRESS) 

Untreated Waste• 
mg/kg 

Detected BOAT List Constituents+ (ppm) 

VOLATILES 
4. Benzene 2, 100 

226. Ethyl benzene 1,300 
34. Methyl ethyl ketone <390 
43. Toluene 6,300 

215-217. Xylene (total) 5,900 

SEMI VOLATILES 
57. Anthracene 22 
59. Benz(a)anthracene 17 
62~ Benzo(a)pyrene 9.4 
63. Benzo(b)fluoranthene 6.3 
10. Bis(2-ethylhexyl)phthalate 4.2 
Bo. Chrysene 19 
81. o-Cresol <2 
82. p-Cresol <2 
83. Dibenz(a,h)anthracene 3.9 
96. 2,4-Dimethylphenol < 10 

108. Fluoranthene 9.2 
121. Naphthalene 180 
141. Phenanthrene 240 
142. Phenol <2 
145. Pyrene 59 

METALS !&L!I 
155. Arsenic <0.2 
156. Barium 120 
158. Cadmium <0.5 
159. Chromium (total) 150 
161. Lead 30 
162. Mercury 0.09 
163. Nickel 1 
164. Selenium <0.4 
165. Silver 

*The untreated waste consists of petroleum refinery wastes. 
--- Data were not available for this constituent. 

Treated Waste 
Filter Cake 

mg/kg 
(ppm) 

41 
33 
< 12 
190 
219 

18 
<8 
<8 
<8 
<8 
10 

<0.04 
1.30 

<8 
0.10 
<8 
94 
120 

0.90 
30 

TCLP mg/L 
<0. 1 

1.0 
<0.02 

<0.025 
<0. 1 
NA 
6 

<0.3 
<0.02 

+Analyses were not performed for all BOAT List organic and metal constituents. 
BDL = Below detection limit. 
NA = Not analyzed. 
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Table 4-14 (Continued} 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY 
(SPECIFIC WASTE CODES NOT REPORTED} 

PLANT C - PRESSURE FILTRATION (BELT FILTER PRESS} 

Design and Operating Parameters Operating Range* 

Sludge feed rate (gpm} 
Washwater feed rate (gpm) 
Washwater pressure (psig} 
Feed temperature (°F} 
Polymer solution concentration (wt%} 
Polymer solution feed rate (gph} 
Belt tension 

Top Belt (psig} 
Bottom Belt (psig} 

*Design values were not presented in the API report. 
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100 
96 
85 
1.5 

225-230 
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Table 4-15 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY 
FOR K048, K049, AND K051 

PLANT D - PRESSURE FILTRATION (PLATE FILTER PRESS) 

Detected BOAT List Constituents+ 

VOLATILES 
4. Benzene 

226. Ethyl benzene 
34. Methyl ethyl ketone 
43. Toluene 

215-217. Xylene (total) 

SEMI VOLATILES 
57. Anthracene 
59. Benz(a)anthracene 
62. Benzo(a)pyrene 
63. Benzo(b)fluoranthene 
70. Bis(2-ethylhexyl)phthalate 
80. Chrysene 
81 . o-Cresol 
82. p-Cresol 
83. Dibenz(a,h)anthracene 
96. 2,4-Dimethylphenol 

108. Fluoranthene 
121. Naphthalene 
141. Phenanthrene 
142. Phenol 
145. Pyrene 

METALS 
155. Arsenic 
156. Bariwa 
158. Cadmium 
159. Chromium {total) 
161. ·Lead 
162. Mercury 
164. Selenium 
165. Silver 

Untreated Waste• 

mg/kg 
(ppm) 

530 
1,100 

<1,500 
1,500 
4,000 

29 
18 
11 
8 

<2 
30 
<2 
<2 
<2 
<2 
10 
490 
210 
<2 
95 

!SL!& 
1 • 2 
21 

<0.5 
150 
8.2 

<0.05 
<1 

Treated Waste 
Filter Cake 

mg/kg 
(ppm) 

89 
340 

<850 
370 

1 ' 120 

9.4 
7.7 
3.8 
2.6 
< 1 
12 
< 1 
< 1 
1.2 
< 1 
< 1 
160 
51 
<1 
27 

TCLP mg/L 
0.008 
0.82 
<0.02 

<0.025 
<0. 1 

<0.001 
<0.004 
<0.01 

*The untreated waste is a mixture of K048, K049, K051, and miscellaneous oily 
materials. 

--- Data were not available for this constituent. 
+Analyses were not performed for all BOAT List organic and metal constituents. 
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Table 4-15 (Continued) 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY 
FOR K048, K049, AND K051 

PLANT D - PRESSURE FILTRATION (PLATE FILTER PRESS). 

Design and Operating Parameters Operating Range• 

Fill time•• (min) 
Filtration time (min 
Cake release time (min) 
Plate Filter Press temperature (°F) 
Final Feed Pressure (psig) 
Lime Dosage (j of total sludge feed) 
Type of filter cloth 

•Design values were not presented in the AP! report. 

••At sludge feed rate of 565 gpm. 
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12 
225 
20 
145 
210 
2.5 

satin weave nylon 



Table 4-16 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR K048-K052 MIXTURE 
PLANT G - SOLVENT EXTRACTION 

Untreated Waste Treated Waste 
K048-K052* 

Detected BOAT List Concentration Solids Concentration TCLP 
Organic Constituents mg/kg (ppm) mg/kg (ppm) mg/L (ppm) 

VOLATILES 

222. Acetone NA 2.5 
3.8 

4. Benzene NA 0.28 
0.49 

226. Ethyl benzene NA 5.0 
6.4 

43. Toluene NA 9.0 
9.2 

47. Trichloroethene NA 0.32 
<2.4 

215- Xylene (total) NA 35 
217. 35 

SEMI VOLATILES 

70. Bis(2-ethylhexyl)- <3 6.6 
phthalate 49 5.2 

<4 5.5 
<7 

80. Chrysene 4.7 <19 
4.5 < 17 
5.6 <20 

<7 

*Unspecified mixture of refinery wastes. 

NA = Not analyzed. 
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Table 4-16 (Continued) 
.. 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR K048-K052 MIXTURE 
PLANT G - SOLVENT EXTRACTION 

Untreated Waste Treated Waste 
K048-K052* 

Detected BOAT List Concentration Solids Concentration TCL? 
Organic Constituents mg/kg (ppm) mg/kg (ppm) mg/L (ppm) 

VOLATILES (Cont.) 

87. o-Dichlorobenzene 3.3 < 19 
<3 < 17 
<3 <20 
<3 

108. Fluoranthene 3.7 < 19 
<3 < 17 
<3 <20 
<3 

109. Fluorene 3.4 < 19 
4.2 < 17 

<4 20 
<7 

121. Naphthalene 22 2.3 
28 <17 
30 <20 
22 

141. Phenanthrene 13 2.5 
13 2. 1 
16 2.3 
17 

142. Phenol 4.5 < 19 
<3 < 17 
<4 <20 
<7 

uunspecified mixture of refinery wastes. 

NA : Not analyzed. 
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Table 4-16 (Continued) 

TREATMENT PERFORMANCE DATA SUBMITiED BY INDUSTRY FOR K048-K052 MIXTURE 
PLANT G - SOLVENT EXTRACTION 

Detected BOAT List 
Organic Constituents 

VOLATILES (Cont.) 

145. Pyrene 

Detected BOAT List 
Metal Constituents 

156. Barium 

Untreated Waste 
K048-K052* 

Concentration 
mg/kg (ppm) 

<3 
<3 
3.6 

<3 

210 
190 
250 
260 
320 
160 
270 
370 
310 
220 
360 
200 
180 
200 
160 
230 
180 

•unspecified mixture of refinery wastes. 

NA = Not analyzed. 
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Treated Waste 

Solids Concentration 
mg/kg (ppm) 

< 19 
< 17 
<20 

554 
585 
516 
549 
105 
140 
321 
190 
578 
416 
583 

TCLI? 
mg/L (ppm) 

<0.03 
<0.03 
<0.05 
<0.05 
<0.05 
<0.05 
<0.05 
<0.05 
<0.05 



Table 4-16 (Continued) 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR K048-K052 MIXTURE 
PLANT G - SOLVENT EXTRACTION 

Detected BOAT List 
Metal Constituents (Cont.) 

158. Cadmium 

159. Chromium (total) 

160. Copper 

Untreated Waste 
K048-K052* 

Concentration 
mg/kg (ppm) 

0.1 
<0.5 

6.2 
5 
6 
6 
1 
5. 
1 
1 
1 
5 
1 
1 
6. 
1 
6 
6 
5 

23 
23 
24 
24 
24 
21 
25 
30 
27 
21 
27 
29 
26 
24 
24 
23 
24 

•unspecified mixture of refinery wastes. 

NA = Not analyzed. 
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Treated Waste 

Solids Concentration 
mg/kg (ppm) 

NA 

19 
19 
19 
18 
20 
18 
21 
22 
23 
24 
26 

103 
101 
112 
105 
115 
100 
134 
114 
112 
136 
37 

TCLP 
mg/L (ppm) 

NA 

<0.05 
<0.05 
<0. 1 
<O. 1 
< 0. , 
<0., 
<0. 1 
<0., 
<O. 1 

<0.03 
<0.03 
<0.06 
<0.06 
<0.06 
<0.06 
<0.06 
<0.06 
<0.06 



Table 4-16 (Continued) 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR K048-K052 MIXTURE 
PLANT G - SOLVENT EXTRACTION 

Detected BOAT List 
Metal Constituents (Cont.) 

161. Lead 

162. Mercury 

164. Selenium 

Untreated Waste 
K048-K052* 

Concentration 
mg/kg (ppm) 

2,700 
2,700 
4,000 
3, 100 
3,600 
2,200 
3,400 
4,300 
3,700 
2,800 
4' 100 
3,300 
3,200 
2,900 
2,100 
2,900 
3,200 

<0.05 

<4 

•unspecified mixture of refinery wastes. 

NA = Not analyzed. 
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Treated Waste 

Solids Concentration 
mg/kg (ppm) 

18,800 
18,800 
21 ,300 
20,000 
24,700 
21,300 
15' 100 
23,200 
31' 100 
27,300 
29,300 

<0.001 

<0.004 
<8 

TCLP 
mg/L (ppm) 

5.9 
5.2 

11. 0 
4.2 
4.0 
4.0 
4.9 

12.0 

0.007 
0.002 

<0.001 

0.008 
0.020 

<0.04 
<0.008 
<0.04 
<0.04 
<0.04 
<0.04 
<0.04 
<0.08 



Table 4-16 (Continued) 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR K048-K052 MIXTURE 
PLANT G - SOLVENT EXTRACTION 

Detected BOAT List 
Metal Constituents (Cont.) 

167. Vanadium 

168. Zinc 

Untreated Waste 
K048-K052* 

Concentration 
mg/kg (ppm) 

2 
< 1 

310 
280 
300 
300 
320 
270 
310 
330 
310 
280 
350 
330 
320 
310 
300 
280 
300 

•unspecified mixture of refinery wastes. 

NA = Not analyzed. 
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Treated Waste 

Solids Concentration 
mg/kg (ppm) 

NA 

990 
862 
902 
839 

1 ,030 
930 

1,210 
972 

1,040 
1 ,240 
1,260 

TCLP 
mg/L (ppm) 

NA 

22 
21 
22 
22 
25 
25 
26 
30 
33 



Table 4-16 (Continued) 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR K048-K052 MIXTURE 
PLANT G - SOLVENT EXTRACTION 

Detected BOAT 
List Constituents (Cont.) 

PCBs 

203. Aroclor 1242 

206. Aroclor 1260 

Untreated Waste 
K048-K052* 

Concentration 
mg/kg (ppm) 

5. 1 
2.7 
4.8 
2. 1 
4. 1 
3.9 
1.8 
3.2 
3.7 
.1.3 
4.6 
4.9 
3.8 
3.4 
3.4 
8.7 
8.4 

3.5 
1.9 
2.9 
1.4 
1.9 
1.8 
1.5 
1.8 
1.8 
0.55 
2.3 
2.3 
2.0 
1.4 
2.2 
2.6 
3.0 

*Unspecified mixture of refinery wastes. 
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Treated Waste 

Solids Concentration 
mg/kg (ppm) 

0.37 
<0.00086 
<0.00083 

<0.04 
<0.005 
<0.0017 

TCLP 
mg/L (ppm) 
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Table 4-17 

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K048 AND K051 
PLANT I - STABILIZATION OF INCINERATOR ASH 

Treated Waste 
Untreated Waste TCLP Extracts of Stabilized Fluidized Bed Incinerator Ash 

Detected TCLP Extracts Cement Binder Kiln Dust Binder Lime and Fl): Ash B"inder 
BOAT List of ICO!f 8 and Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 

Metal K051 Inciner- mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
Constituents ator Ash 1fil!!!l ~ ~ ~ ~ ~ lli!!!l i£Q!tl lli!!!l 

154. Antimony 0.06-0.09 <0. 163 <O. 163 <0. 163 <0. 163 o. 178 <0. 163 <0.163 <0. 163 <0. 163 
155. Arsenic 0.008-0.025 <0.004 <0.004 <0.004 0.005 0.005 0.005 <0.004 <0.004 0.006 
156. Barium 0.17-0.25 0.277 0.28 0.278 0.203 0.2 0.204 0.558 0.524 0.599 

157. Beryllium 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
158. Cadmium <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 
159 . Chromium 

(total) 2. 1-2 .6 2. 11 2. 12 2. 16 1. 78 1.92 1.87 1.13 1.21 1.08 
221. Chromium 

(hexavalent) NA o.415 0.326 2.47 0.38 0.395 2 .13 0.331 0.259 0.071 

160. Copper 0.02 <0.003 <0.003 0.015 <0.003 <0.003 <0.003 <0.003 <0.003 0.006 
161. Lead <0.05 <0.006 <0.006 0.011 0.02 0.009 <0.006 <0.006 <0.006 <0.006 
162. Mercury 0.0002-0.0003 NA NA NA NA NA NA NA NA NA 
163. Nickel 0.02-0.03 <0.018 <0.018 <0.018 <0.018 <0.018 <0.018 <0.018 <0.018 <0.018 

164. Selenium 0.033-0.12 0.025 0.022 0.024 0.044 0.043 0.04 0.013 0.016 0.017 
165. Silver <0.009 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 
166. Thallium NA <0.001 0.009 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

167. Vanadium 2.5-3.6 1.4 1.21 1.29 1.53 1.64 1.56 0. 148 o. 149 0. 156 
168. Zinc 0.055-0.11 0.058 o. 01'7 0.086 0.048 0.042 0.031 0.02 0.022 0.052 

NA = Not analyzed. 



""' I 

""' '° 

Design and 
Operating Para.meters 

Binder to Ash Ratio 

Lime to Ash Ratio 

Fly Ash to Ash Ratio 

Water to Ash Ratio 

Ambient Temperature (oC) 

Mixture pH 

Cure Time (Days) 

Table q-17 (Continued) 

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR KOq8 AND K051 
PLANT I - STABILIZATION OF INCINERATOR ASH 

Stabilization Process 
Cement Kiln Dust 

Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 

0.2 0.2 0.2 0.2 0.2 0.2 

NP NP NP NP NP NP 

NP NP NP NP NP NP 

0.5 0.5 0.5 0.5 0.5 0.5 

23 23 23 19 19.5 20 

11.6 11.5 11.5 12. 1 12. 1 12. 1 

28 28 28 28 28 28 

Unconfin~d Compressive Strength 9q3.5 921. 6 1270 222.8 267.7 2q 1.0 
(lb/in ) 

NP ; Not applicable. 

Lime and Fl~ Ash 
Run 1 Run 2 Run 3 

NP NP NP 

0.2 0.2 0.2 

0.2 0.2 0.2 

0.5 0.5 0.5 

19 19 19 

12.0 12. 1 12. 1 

28 28 28 

565.8 512.6 578.8 



Table 4-18 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR K048-K052 MIXTURE 
PLANT M - SOLVENT EXTRACTION (Three-Cycle Process) 

Detected BOAT List 
Organic Constituents 

VOLATILES 

4. Benzene 

226. Ethylbenzene 

43. Toluene 

215- Xylene (total) 
217. 

Untreated Waste 
K048-K052* 

Concentration 
mg/kg (ppm) 

130 
120 
86 

150 
190 
180 

100 
97 
76 

100 
120 
110 

310 
280 
230 
360 
470 
400 

500 
490 
420 
540 
570 
550 

•unspecified mixture of refinery wastes. 
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Treated Waste 

Solids Concentration 
mgikg (ppm) 

<2 
<2 
<2 
<5 
<2 
<6 

< 10 
6.2 

<5.0 
<25 
<5.0 

<30 

<2 
<2 
<2 
<5 
<2 
<6 

246 
223 
237 

30 
118.8 
607 

TCLP 
mg/L ipom) 



Table 4-18 (Continued) 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR. K048-K052 MIXTURE 
PLANT M - SOLVENT EXTRACTION (Three-Cycle Process) 

Detected BOAT List 
Organic Constituents 

SEMI VOLATILES 

57. Anthracene 

59. Benz(a)anthracene 

Q2. Benzo(a)pyrene 

Untreated Waste 
K048-KOS2* 

Concentration 
mg/kg (ppm) 

<21 
<20 
<20 
<20 
< 19 
<20 

<21 
<20 
<20 
<20 
21 

<20 

<21 
<20 
<20 
<20 
< 19 
<20 

*Unspecified mi~ture of refinery wastes. 
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Treated Waste 

Solids Concentration 
mg/kg (ppm) 

<2.0 
<2.0 
<5.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 

1.20 
0.700 
0.71 

<0.70 
<0.70 

1. 1 
0.92 
0.89 

0.750 
<0.60 
<0.60 
<0.60 
<0.60 
0.75 
0.66 
0.71 

TCLP 
mg/L (porn) 



Table 4-18 (Continued) 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR K048-K052 MIXTURE 
PLANT M - SOLVENT EXTRACTION (Three-Cycle Process) 

Detected BOAT List 
Or~anic Constituents 

SEMIVOLATILES (Cont.) 

70. Bis(2-ethylhexyl)
phthalate 

80. Chrysene 

83. Dibenz(a,h)anthracene 

Untreated Waste 
K048-K052* 

Concentration 
mg/kg (ppm) 

<21 
<20 
<20 
<20 
<, 9 
<20 

23 
24 
21 

<20 
33 

<20 

<21 
<20 
<20 
<20 
< 19 
<20 

•unspecified mixture of refinery wastes. 
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Treated Waste 

Solids Concentration 
mg/kg (ppm) 

<0.80 
4.90 

<0.8 
<0.8 
<0.8 
<0.8 
<0.8 
30 

1. 70 
1.00 

. 1. 1 
0.9 

<0.8 
1.5 
1.3 
1.4 

<0.60 
<0.60 
<0.60 
<0.60 
<0.60 
<0.60 
0.75 
0.65 

TCLP 
mg/L (porn) 



Table 4-18 (Continued) 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR K048-K052 MIXTURE 
PLANT M - SOLVENT EXTRACTION (Three-Cycle Process) 

Untreated Waste Treated Waste 
K048-K052* 

Detected BOAT List Concentration Solids Concentration TCLP 
Organic Constituents mg/kg (ppm) mg/kg (ppm) :ng/L ( oom) 

SEMIVOLATILES (Cont.) 

98. Di-n-butyl phthalate <21 <0.80 
<20 <0.80 
<20 <0.8 
<20 <0.8 
<19 <0.8 
<20 <0.8 

<0.8 
<0.8 

121. Naphthalene 120 280.0 
110 18.0 
98 200 
56 60 

140 110 
57 200 

100 
280 

141. Phenanthrene 140 4.70 
140 3. 10 
120 2.6 
64 1.3 

140 1.4 
64 3.0 

3.4 
3.7 

*Unspecified mixture of refinery wastes. 
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Table 4-18 (Continued) 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR K048-K052 MIXTURE 
PLANT M - SOLVENT EXTRACTION (Three-Cycle Process) 

Detected BOAT List 
Organic Constituents 

SEMIVOLATILES (Cont.) 

145. Pyrene 

81. o-Cresol 

82. p-Cresol 

142. Phenol 

Untreated Waste 
K048-K052* 

Concentration 
mg/kg (ppm) 

34 
28 
33 

<20 
36 

<20 

< 10 
< 10 
< 10 
< 10 
< 10 
< 10 

< 10 
< 10 
< 10 
< 10 
< 10 
< 10 

< 10 
< 10 
< 10 
< 10 
< 10 
< 10 

*Unspecified mixture of refinery wastes. 
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Treated Waste 

Solids Concentration 
mg/kg (ppm) 

1.50 
0.90 
0.9 

<0.8 
0.8 
1.3 
1.5 
0.9 

<0.80 
<0.80 
<0.8 
<0.8 
<0.8 
<0.8 
<0.8 
<0.8 

<0.80 
<0.80 
<0.8 
0.9 

<0.8 
<0.8 
<0.8 
<0.8 

<2.0 
<2.0 
<0.8 
<0.8 
<0.8 
<0.8 
<0.8 
<0.8 

7CL? 
mg.IL (oom) 



Table 4-iS (Continued) 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR K048-K052 MIXTURE 
PLANT M - SOLVENT EXTRACTION (Three-Cycle Process) 

Untreated Waste Treated Waste 
K048-K052* 

Concentration Solids Concentration TCLP Detected BOAT List 
Metals Constituents mg/kg (ppm) mg/kg (pcm) mg/~ (:JOm) 

154. Antimony < 0. 1 10 
<0. 1 12 
<0. 1 6 
< 0. 1 5 
<0. 1 < 10 
<O. 1 8 

155. Arsenic <0.2 4. 1 0.005 
<0.2 13 <0.003 
<0.2 12 <0.003 
<0.2 10 <0.003 
<0.2 12 0.012 
<0.2 1 , 0.010 

0.005 
<0.003 

156. Barium 1. 7 710 
2.3 790 
1.9 730 
2.3 720 
2.4 760 
2.3 800 

157. Beryllium <0.002 0.3 
<0.002 0.2 
<0.002 0.2 
<0.002 0.2 
<0.002 0.3 
<0. J02 0.3 

*Unspecified mixture of refinery wastes. 

---Data were not available for this constituent. 
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Table 4-18 (Continued) 

TREATMENT PERFORMANCE DATA SUBMITTED SY INDUSTRY FOR K048-K052 MIXTURE 
PLANT M - SOLVENT EXTRACTION (Three-Cycle Process) 

Untreated Waste 
K048-K052*-

Detected BOAT List Concentration 
Metals Constituents (Cont.) mg/kg (ppm) 

158. Cadmium 

159. Chromium (total) 

161. Lead 

162. Mercury 

<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 

<0.02 
<0.02 
<0.02 
<0.02 
<0.02 
<0.02 

<0. 1 
<0. 1 
<0. 1 
<0. 1 
<O. 1 
<0. 1 

< 1 
< 1 
< 1 
<1 
< 1 
< 1 

•unspecified mixture of refinery wastes. 

---Data were not available for this constituent. 
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Treated Waste 

Solids Concentration 
mg/kg (ppm) 

1. 1 
1.0 
1. 1 
1. 1 
1 
1. 1 

370 
450 
480 
510 
570 
540 

16 
37 
32 
35 
40 
36 

0.92 
0.86 
0.93 
1. 10 

860 
1. 10 

TCLP 
:ng/L < oom) 

<0.05 
<0.05 
0. 14 
0.33 
0.76 
0.59 

<0.05 
<O. 1 

<0.3 
<0.3 
<0.3 
<0.3 
<0.3 
<0.3 
<0.3 
<0.5 



Table 4-18 (Continued) 

7REATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR K048-K052 MIXTURE 
PLANT M - SOLVENT EXTRACTICN (Three-Cycle Process) 

Untreated Waste 
K048-K052* 

Detected BOAT List Concentration 
Mecals Constituents (Cont.) mg/kg (ppm) 

163. Nickel 

164. Selenium 

167. Vanadium 

168. Zinc 

0.9 
0.9 
0. 10 
0. 10 
0. 11 
0. 11 

<0.04 
<0.02 
<0.02 
<0.02 
<0.02 
<0.02 

<0.02 
<0.02 
<0.02 
<0.02 
<0.02 
<0.02 

*Unspecified mixture of refinery wastes. 

---Data were not available for this constituent. 
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Treated Waste 

Solids Concentration 
mg/kg (pcm) 

39 
43 
37 
34 
33 
37 

<0.4 
3 
3 
2 
2 

<2 

22 
25 
23 
22 
22 
22 

TCLP 
mg/L ( ::iom) 

0.4 
<0.2 
0.3 
I). 3 
0.3 
0.3 

<0.2 
<0.4 

<0.02 
<0.02 
<0.04 
<0.04 
<0.04 
<0.04 
<0.04 
<0.04 

<0.05 
<0.05 
<0.05 
<0.05 
<0.05 
<0.05 
<0.05 
<0. 1 

15 
0.39 

11 
10 
9.4 
8.6 
1.2 
2. 1 



Table 4-18 (Continued) 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR K048-K052 MIXTURE 
PLANT ~ - SOLVENT EXTRACTION (Three-Cycle Process) 

Detected BOAT List 
Inorganic Constituents 

169. Cyanide 

Untreated Waste 
K048-K052* 

Concentration 
mg/kg (ppm) 

•unspecified mixture of refinery wastes. 

---Data were not available for this constituent. 
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Treated Waste 

Solids Concentration 
mg/kg (pom) 

30 
44 
32 
28 
28 
22 

TCL? 
mg!L (oom) 



Table 4-19 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR K048-K052 MIXTURE 
PLANT M - SOLVENT EXTRACTION (Single-Cycle Process) 

Detected BOAT List 
Organic Constituents 

VOLATILES 

4. Benzene 

226. Ethylbenzene 

43. Toluene 

Untreated Waste 
K048-K052* 

Concentration 
mg/kg (ppm) 

130 
120 
86 

150 
190 
180 

100 
97 
76 

100 
120 
110 

310 
280 
230 
360 
470 
400 

*Unspecified mixture of refinery wastes. 
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Treated Waste 

Solids Concentration 
mg/kg (ppm) 

<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 

6.9 
8.2 

<2.0 
8.5 
4.7 
1.0 
2.2 

<2.0 
<2.0 

<2.0 
2.3 

<2.0 
2.4 
7.4 

<2.0 
3. , 

<2.0 
<2.0 

TCLi? 
mg/L (:Jpm) 



Table 4-19 (Continued) 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY fOR K048-K052 MIXTURE 
PLANT M - SOLVENT EXTRAC7ION (Single-Cycle Process) 

Detected BOAT List 
Organic Constituents 

VOLATILES (Cont.) 

215- Xylene (total) 
217. 

SEMI VOLATILES 

57. Anthracene 

59. Benz(a)anthracene 

Untreated Waste 
K048-K052* 

Concentration 
mg/kg (ppm) 

500 
490 
420 
540 
570 
550 

<21 
<20 
<20 
<20 
< 19 
<20 

<21 
<20 
<20 
<20 

21 
<20 

*Unspecified mixture of refinery wastes. 
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Treated Waste 

Solids Concentration 
mg/kg (ppm) 

94 
107 
14.9 

112 
53 
10.4 
28 
9.0 

18. 1 

0.74 
<5.0 
<4.0 
<5.0 
<4.0 
<5.0 
<5.0 
<5.0 

1. 1 
3.6 

<0.8 
<0.8 
<0.8 
2.5 
1. 7 
1.6 

TCL? 
mg/L (oom) 



Table 4-19 (Continued) 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY ~OR K048-K052 MIXTURE 
PLANT M - SOLVENT EXTRACTION (Single-Cycle Process) 

Untreated Waste Treated Waste 
K048-K052* 

Detected BOAT List Concentration Solids Concentration TCLP 
Organic Constituents mg/kg (ppm) mg/kg (ppm) mg/L ( :::ipm} 

SEMIVOLATILES (Cont.) 

63. Benzo(b)fluoranthene <21 , • 1 
<20 2.2 
<20 <0.8 
<20 1 • 7 
< 19 1.6 
<20 1.9 

<0.8 
1.3 

62. Benzo(a)pyrene <21 1. 3 
<20 2.9 
<20 8.5 
<20 5.3 
< 19 4.8 
<20 2.5 

4.9 
4.8 

70. Bis(2-ethylhexyl)- <21 <0.8 
phthalate <20 <0.8 

<20 <0.8 
<20 <0.8 
< 19 <0.8 
<20 13 

<0.8 
<0.8 

*Unspecified mixture of refinery wastes; 
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Table 4-19 (Continued) 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR K048-K052 MIX7URE 
PLANT M - SOLVENT EXTRACTION (Single-Cycle Process) 

Detected BOAT List 
Organic Constituents 

SEMIVOLATILES (Cont.} 

· 80. Chrysene 

83. Dibenz(a,h}anthracene 

98. Di-n-butyl phthalate 

Untreated Waste 
K048-K052* 

Concentration 
mg/kg (ppm) 

23 
24 
21 

<20 
33 

<20 

<2.1 
<20 
<20 
<20 
< 19 
<20 

<21 
<20 
<20 
<20 
< 19 
<20 

*Unspecified mixture of refinery wastes. 
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Treated Waste 

Solids Concentration 
mg/kg (ppm) 

2.3 
6.8 
5.8 
4.8 
4.4 
5.0 
3.3 
3.5 

<0.10 
<5.0 
<4.0 
<5.0 
<4.0 

1.4 
<5.0 
<5.0 

<0.8 
<0.8 
<4.0 
<0.8 
<4.0 
<0.8 
<5.0 
<5.0 

TCLP 
mg/L ~· oom I 



Table 4-19 (Continued) 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY fOR K048-K052 MIXTURE 
PLANT M - SOLVENT EXTRACTION (Single-Cycle Process) 

Detected BOAT List 
Organic Constituents 

SEMIVOLATILES (Cont.) 

121. Naphthalene 

141. Phenanthrene 

145. Pyrene 

Untreated Waste 
K048-K052* 

Concentration 
mg/kg (ppm) 

120 
110 
98 
56 

140 
57 

140 
140 
120 
64 

140 
64 

34 
28 
33 

<20 
36 

<20 

*Unspecified mixture of refinery wastes. 
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Treated Waste 

Solids Concentration TCLP 
mg/kg Coom) mg/L fpom) 

5.6 
8.5 

32 
14 
6.9 

17 
6.6 
7.8 

4.6 
11 
11 
14 
8.5 

12 
4.8 
6.4 

1.8 
5.9 
s.o 
4.7 
3.8 
4.3 2., 
2.4 



Table 4-19 (Continued) 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR K048-K052 MIXTURE 
PLANT M - SOLVENT EXTRACTION (Single-Cycle Process) 

Detected BOAT List 
Organic Constituents 

SEMIVOLATILES (Cont.) 

81. o-Cresol 

82. p-Cresol 

142. Phenoi . 

Untreated Waste 
K048-K052* 

Concentration 
mg/\cg (ppm) 

< 10 
< 10 
< 10 
<10 
<10 
< 10 

<lO 
< 10 
< 10 
<10 
< 10 
<10 

< 10 
< 10 
< 10 
< 10 
< 10 
< 10 

•unspecified mixture of refinery wastes. 
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Treated Waste 

Solids Concentration 
mg/kg (ppm) 

<0.80 
<0.8 
<0.8 
<0.8 
<0.8 
<0.8 
<5.0 
<0.8 

<0.80 
<0.8 
<0.8 
<0.8 
<0.8 
<5.0 
<0.8 

<0.80 
<0.80 
<0.8 
<0.8 
<0.8 
<0.8 
<0.8 
<0.8 

TCLP 
mg/L (ocml 



Table 4-19 (Continued) 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY ~OR K048-K052 MIXTURE 
PLANT M - SOLVENT EXTRACTION (~ingle-Cycle Process) 

Detected BOAT List 
Metal Constituents 

155. Arsenic 

156. Barium 

159. Chromium (total) 

163. Nickel 

Untreated Waste 
K048-K052* 

Concentration 
mg/kg (ppm) 

<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 

1. 7 
2.3 
1.9 
2.3 
2.4 
2.3 

<0.02 
<0.02 
<0.02 
<0.02 
<0.02 
<0.02 

0.09 
0.09 
o. 10 
0. 10 
0. 11 
0. 11 

*Un.specified mixture of refinery wastes. 

---Data were not available for this constituent. 
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Treated Waste 

Solids Concentration 
mg/kg (opm) 

-:'CL? 
mg/L ( oc:n) 

".0.006 
0.027 
0.022 
0.016 
0.018 

<0.006 
0.016 

<0.006 

0.72 
0.25 

<0.05 
<0.05 
<0.05 
<0.05 
<0.05 

1. 4 
<0.05 
< 0. 1 

<0.2 
<0.2 
<0.08 
<0.2 
<0.2 
0.25 

<0.2 
<0.4 



Table 4-19 (Continued) 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR K048-K052 MIXTURE 
PLANT M - SOLVENT EXTRACTION (Single-Cycle Process) 

Untreated Waste 
K048-K052* 

Treated Waste 

Detected BOAT List Concentration Solids Concentration TCL? 
Metal Constituents (Cont.) mg/kg (ppm) 

164. Selenium 

168. Zinc 

<0.04 
<0.02 
<0.02 
<0.02 
<0.02 
<0.02 

*Unspecified mixture of refinery wastes. 

---Data were not available for this constituent. 
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mg/kg (pcm) mg!L (~om) 

<0.02 
0.02 

<0.02 
<0.02 
<0.02 
<0.02 
<0.02 
0.004 

<O. 14 
<0. 14 
<0. 14 
<0. 14 
<0. 14 
13 
<O. 14 
<0. 19 



Table 4-20 

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K062, 
PLANT P - CHROMIUM REDUCTION FOLLOWED BY LIME AND SULFIDE PRECIPITATION AND VACUUM FILTRATION 

Same•• Sat •• Same•• Sat •2 Samele Set •3 
Traatad K062 Treated K062 Treated 1<062 

Detect ad BOAT Untreated K062• Waate•atar Untreated K062• Waata•atar Untreated K062• Waate•ater 
List Metal Concentratton Concentratton Concentratton Concentration Concentration Concentration 

Con&tltuenta ·lel!!!I leem! leem! leem) h~em~ leem) 

Anttmony <10 <1 <10 <I <10 <I 
Arsenic <1 <O. I <I <O. I <I <O. I 
Barium <10 <I <IO <I <10 3.5 
Bery I I tum <2 <0.2 <2 <0.2 <2 <0.2 
Cadmium 13 <0.5 10 <0.5 <5 <0.5 
Chromium (heaavalant) 893 0. 0 I 1 807 0. 19 775 I 
Cnromlum (total) 2,581 0. 12 2,279 0. I 2 I ,990 0.20 
Copper 138 0.21 133 0. 15 133 0.21 
Lead 64 <0.01 54 <0.01 <10 <0.01 
Mercury <I <O. I <I <0. I <I <0. I 
Nickel 471 0.33 470 0.33 16,330 0.33 

~ Selenium <10 <1 <10 <I <10 <I 
I 

Stl ver <2 <0.2 <2 <0.2 <2 <0.3 
°' ........ Thal 1 lum <10 <1 <10 <I <10 <I 

Zinc 116 0. 125 4 0. I 15 3.9 0. 14 

• = Untreated •aata compoatta of K062 along •Ith other non-K062 •aata atraaga. 

= Color Interference. 



Table 4-20 (Continued) 

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K062, 
PLANT P - CHROHIUH REDUCTION FOLLOWED BY LIME AND SULFIDE PRECIPITATION AND VACUUM FILTRATION 

Sa!!!i!le Set •4 Sa!!!(!la Set •5 Sam~le Sat •6 
Treated K062 Treated K062 Treated K062 

Detected BOAT Untreated K062• waste•ater Untreated K062• waste•ater Untreated K062• Waste•ater 
L ht Metal Concentratton Concentratton Concentratton Concentration Concentration Concentration 

Constttuents iee•l ieem~ ieem~ leem> <eem> leem> 

Anttmony <10 <IO <I <10 <I 
Arsenic <1 <I <I <O. I <I <O. I 
Barium <10 <10 <10 <I <10 <2 
Beryllium <2 <2 <2 <0.2 <2 <0.2 
Cadmium <5 <5 <5 <0.5 <5 <0.5 
Chromium (heaavalent) 0.6 0.042 917 0.058 734 I 
Chromium (total) 556 0. 10 2,236 0. 1 I 2,548 0. 10 
Copper 88 0.07 91 0. 14 149 0. 12 
Lead '< 10 <0.01 18 0.01 <. 10 <0.01 
Mercury <I <1 <I <O. 1 <I <O. I 
Hickel 6,610 0.33 1. 414 0.310 588 0.33 

~ Selenium· <10 <10 <10 < 1 <10 <I 
I S 11 ver <2 <2 <2 <0.2 <2 <Q.2 

°' 00 Thall tum <10 <10 <10 < 1 <10 <I 
Zinc 84 1.62 71 0. 125 4 0.095 

• = untreated weate compoalte of K062 along with other non-K062 waate atreama. 

=· Hot ana I yzed. 

Color Interference. 



Table ~-20 (Continued) 

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K062, 
PLANT P - CHROMIUM REDUCTION FOLLOWED BY LIME AND SULFIDE PRECIPITATION AND VACUUM FILTRATION 

Sa!!!l!I• Sat •7 Sa!!!l!I• Set •8 Samele Set •9 
Treated K062 Treated 1<062 Treated 1<062 

Detected BOAT Untreated 1<062• waata111atar Untreated 1<062• waate111ater Untreateel K062• Waste .. ater 
list Metal Concentratton Concentration Concantratton Concentration Concentr~tion Concentration 

Conatftuenta lee•! h!em! leem! (eem! leeml i eem) 

Ant lmonv <10 <I <10 <I <10 <I 
Arsentc <1 <O. I <I <O. 1 <I <O. I 
Barium <10 <1 <10 <I <10 < 1 
Berv I I lum <2 <0.2 <2 <0.2 <2 <0.2 
Cadmium 10 <0.5 <5 <0.5 <5 <0.5 
Chromium (heaavalant) 769 0. 12 0. 13 <0.01 0.07 0.041 
Chromium (total) 2,314 0. 12 831 0. 15 939 o. 10 
Copper 72 0. 16 217 0. 16 225 0.08 
Lead 108 <0.01 212 <0.01 <10 <0.01 
Mercurv <I <O. I <I <O. I <I <O. I 

"'" Hickel 426 0.40 669 0.36 940 0.33 I 

°' Selenium <10 <I <10 <I <10 <I. 0 

'° Silver <2 <0.2 <2 <0.2 <2 <0.2 
Tha 11 lum <10 <I <10 <I <10 <I. 0 
Zinc 171 0. 115 151 0. 130 5 0.06 

• = Untreated ••ate composite of 1<062 along •Ith other non-1<062 ••ate atrea••· 
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Table ~-20 (Continued) 

TREATMENT PERFORMANCE DATA COLLECTED BY EPA FOR K062, 
PLANT P - CHROMIUM REDUCTION FOLLOWED BY LIME AND SULFIDE PRECIPITATION AND VACUUM FILTRATION 

Sa!!!(!le Set "10 Same•• Set " 1 1 
Treated K062 Treated K062 

Detected BOAT Untreated K062 Wastewater Untreated K062 Wastewater 
Ltst Metal Concentratton Concentratton Concentratton Concentration 

Constttuenta i ee•l lee111! leem! leem> 

Antimony <10 <I < 10 <1.00 
Arsentc <I <O. I <1 <O. 10 
Barium <10 <I 12 < 1.00 
Berylllum <2 <0.2 <2 <0.20 
Cadmium <5 <0.5 23 <5 
Chromium (he•avalent) 0.08 o. 106 0.30 <0.01 
Chromium (total) 395 0. 12 617 o. 18 
Copper 191 o. 14 137 0.24 
Lead <10 <0.01 136 <0.01 
Mercury <1 <O. 1 <1 <O. 10 
Hickel 712 0.33 382 0.39 
Selenium <10 < 1 <10 < 1.00 
Si Iver <2 <0.2 <2 <0.20 
Thal 1 lum <10 <1 <10 <I .OD 
Zinc 5 0.070 135 o. 100 

Source: U.S. Environmental Protection Agency. 1986. Onaite Engineering Report of Treatment Technology 
Performance and Operation for fnvirtte Corporatton, Tablaa 6-1 to 6-12. (Reference 27) 



5.0 IDENTIFICATION OF BEST DEMONSTRATED AND AVAILABLE TECHNOLOGY 

In this section, EPA explains its determination of which technolog_y 

represents BOAT for nonwastewater and wastewater forms of refinery wastes 

K048-K052. As discussed in detail in Section 1.0, this determination essen

tially involves determining which of the "demonstrated" technologies will 

provide the "best" treatment and, at the same time, be determined to be 

"available" (i.e., the technology is commercially available and provides 

substantial treatment). 

Where EPA has performance data from more than one technology, EPA 

uses the statistical method known as analysis of variance CANOVA) to determine 

which technology provides the best level of treatment. Prior to making this 

determination, EPA examines the data to determine if any data should be 

deleted based on poor design or operation of the treatment system and to 

determine whether sufficient quality assurance/quality control measures were 

employed to ensure the accuracy of the data. 

Presented in this section are summaries of the steps taken by EPA in 

evaluation of the available treatment performance data, including the prelimi

nary data review and adjustment of data to account for analytical accuracy; 

the results of the statistical comparisons of the data sets; and the identifi

cation of the technologies determined to be BOAT for K048-K052 wastes. 
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that was detected in either the untreated or treated waste were corrected by 

multiplying the reported concentration of the constituent by the corresponding 

accuracy correction factor. Note that constituent.concentrations were not 

adjusted to values below the detection limit for each constituent. If accu

racy correction as described above resulted in a value less than the detection 

limit, the accuracy-corrected concentration was set equal to the detection 

limit. 

Matrix spike recoveries are developed by analyzing a sample of a 

treated waste for a constituent and then reanalyzing the sample after the 

addition of a known amount of the same constituent (i.e., spike) to the 

sample. The matrix spike recovery represents the total amount of constituent 

recovered after spiking minus the initial concentration of the constituent in 

the sample, and the result divided by the known amount of constituent added. 

Matrix spike recovery data were not submitted or were not available 

for some data sets that were submitted by industry. In these cases the Agency 

did not adjust the data. 

5.2.1 Accuracy Correction of Treatment Performance Data for Nonwastewaters 

Presented below are descriptions of how treatment performance data 

for treatment of nonwastewaters were adjusted for each BOAT List constituent 

that was detected in either the untreated or treated waste. 
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Fluidized Bed Incineration 

Treated waste (ash) concentrations from fluidized bed incineration 

of K048 and K051 and plant A were corrected for accuracy using data from 

matrix spike recoveries performed during analysis of the ash samples. Table 

D-5 (presented in Appendix D of this background document) presents matrix 

spike recoveries for BOAT List organic, metal, and inorganic constituents. 

The constituents included in Table D-5 were found in either the untreated 

waste or the fluidized bed incinerator ash, or both. 

For most volatiles and inorganic constituents, the matrix spike 

recovery shown on Table D-5 was determined from the result of one matrix spike 

performed for each constituent. For constituents for which no matrix spike 

was performed, the matrix spike recovery shown in Table D-5 was derived from 

the average matrix spike recovery of the appropriate group of constituents 

(volatile or inorganic constituents) for which recovery data were available. 

For example, no matrix spike was performed for dichlorodifluoromethane; the 

matrix spike recovery used for this constituent was the result obtained by 

averaging the matrix spike recoveries for all volatile constituents for which 

recovery data were available. 

Duplicate matrix spikes were performed for some BOAT List semivola-

tile constituents. Where duplicate matrix spikes were performed for a 

semivolatile constituent, the matrix spike recovery used for that constituent 

was the lower of the two values from the first matrix spike and the duplicate 

spike, as shown in Table D-5. Where a matrix spike was not performed for a 

RBD-1 5-4 
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semivolatile constituent, a matrix spike recovery for that constituent was 

based on semivolatile constituents for which there were recovery data from the 

two matrix spikes. In these cases, an average matrix spike recovery was 

calculated for all semivolatiles for the first matrix spike and ~n average was 

calculated for the duplicate matrix spike recoveries .. The lower of the two 

average matrix spike recoveries of semivolatile constituents was used for an~ 

semivolatile constituent for which no matrix spike was performed. For 

example, no matrix spike was performed for di-n-butyl phthalate, a base/ 

neutral fraction semivolatile, in fluidized bed incinerator ash; however, the 

treatment performance data for this constituent were adjusted for accuracy 

using a matrix spike recovery of 67j. This recovery was selected after 

averaging ~he matrix spike recoveries calculated for all base/neutral fraction 

semivolatiles in the first matrix spike (69j) and in the duplicate spike 

(67j). The lower average matrix spike recovery of 67j was selected to subse

quently calculate the accuracy correction factor for di-n-butyl phthalate. 

Where a matrix spike was not performed for a BOAT List metal in the 

TCLP extract of incinerator ash and matrix spike data were available for the 

extract of that BOAT List metal from a similar matrix (i.e., TCLP extract from 

stabilized incinerator ash), the analytical data were adjusted using the 

average matrix spike recovery for the metal in the TCLP extracts of stabilized 

incinerator ash. 

The accuracy correction factors for fluidized bed incinerator ash 

data are summarized in Appendix D, Table D-9. The corrected treatment concen-
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trations for BOAT List constituents that were detected in the untreated waste 

are presented in Table 5-1. These performance data for fluidized bed 

incineration were used in the determination of BOAT for treatment of organics 

and cyanide in nonwastewaters, as discussed in Sections 5.3 and 5.4. 
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Solvent Extraction 

The quality assurance/quality control information required to adjust 

the data values for accuracy was not provided for plant G. Therefore, the 

solvent extraction treatment performance data for plant G have not been 

adjusted. However, the Agency has no reason to believe that sufficient QA/QC 

control measures were not followed in development of these performance data. 

Detailed QA/QC 'information was submitted by plant L and plant M; 

however, information needed to adjust the performance data for analytical 

accuracy was not provided. The QA/QC reports submitted by plant L and plant M 

included matrix spike recovery data; however, the spikes were conducted on a 

standard soil sample rather than on a treated waste sample. The recovery 

data, therefore, do not provide an indication of analytical interferences 

caused by the waste matrix and were not used to adjust the treatment 

performance data. 

The concentrations of BOAT List constituents in the treated waste 

from solvent extraction treatment at plant G are presented in Table 4-16 in 

Section 4.0. The concentrations in the treated waste from solvent extraction 

treatment at plant Lare presented in Section F.7 of Appendix F. The treated 

waste concentrations from single cycle and three cycle solvent extraction 

treatment at plant Mare presented in Tables 4-18 and 4-19, respectively, in 

Section 4.0. The solvent extraction performance data from plants G, L, and M 

were used in the determination of BOAT for treatment of organics in 

nonwastewaters, as discussed in Section 5.3. 

RBD-1 
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Stabilization 

(a) Plant I. Table D-6 (Appendix D) presents the matrix spike 

recoveries determined for TCLP extracts of stabilized incinerator ash for BOAT 
, 

List metals that were detected in either the untreated or treated waste at 

plant I. In the case of the kiln dust binder, two matrix spike analyses were 

performed. The lowest percent recovery value from the two matrix spike 

analyses for a constituent was used as the recovery factor for that constitu

ent in the extract from the kiln dust stabilized ash. In cases where a matrix 

spike was not performed for a BOAT List metal in the stabilized ash and matrix 

spike data were available for the extract of that BOAT List metal from a 

similar matrix (i.e., ash stabilized using other binders), the analytical data 

were adjusted using the average matrix spike recovery for the metal in the 

waste stabilized with other binders. For example, a matrix spike was not 

performed for antimony in cement stabilized ash; therefore, the analytical 

data were adjusted using 74S, which was the average percent recovery for 

antimony in kiln dust (66$ and 81.SJ) and lime and fly ash (75.1$) stabilized 

ashes. 

The accuracy correction factors for the stabilization data are 

summarized in Appendix O, Table 0-10. The corrected treatment concentrations 

for stabilized incinerator ash are presented in Table 5-2. These performance 

data were used in the determination of BOAT for treatment of metals in 

nonwastewaters, as discussed in Section 5.5. 
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(b) Plant J. The quality assurance/quality control information 

required to adjust the data values for accuracy was not provided for plant J. 

Therefore, the stabilization data have not been adjusted and are the same as 

the treated waste values presented in Section F.S in Appendix F. The Agency 

has no reason to believe that sufficient QA/QC control measures were not 

followed in development of these performance data. A review of the data for 

untreated and treated wastes for the stabilization tests conducted at plant J 

indicated that in most cases the TCLP leachates from the treated waste were 

not lower than those from the untreated waste. Therefore, these data do not 

demonstrate treatment and the data were not used to determine BOAT. 

(c) Plant M. Insufficient data was available on stabilization at 

plant M to be able to determine that treatment (reduction in leachability) of 

the metals occurred. Specifically, TCLP data were not available for the 

solids (effluent from the solvent extraction process) prior to stabilization. 

Therefore, these data were not used to determine BOAT. 

Pressure Filtration 

The quality as~urance/quality control information required to adjust 

the data values for accuracy was not provided for plants B, C, D, and E. 

Therefore, the pressure filtration data have not been adjusted. The Agency 

has no reason to believe that sufficient QA/QC control measures were not 

followed in development of these performance data. Data for plants C and D 

are presented in Tables 4-14 and 4-15 of Section 4.0. Data from plants C and 
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D were used in the determination of BOAT for treatment of organics in 

nonwastewaters, as discussed in Section 5.3. Data for plants B and ~ are 

presented in Sections F. 1 and F.2 of Appendix F. Data from plants Band~ 

were not used in the determination of BOAT because for most constituents, the 

treated waste concentrations exceeded the untreated waste concentrations, and 

therefore, effective treatment of BOAT List constituents is not shown. 

5.2.2 Accuracy Correction of Treatment Performance Data for Wastewaters 

Presented below are descriptions of how treatment performance data 

and transferred treatment performance data for wastewaters were adjusted for 

each BOAT List constituent detected in the untreated or treated waste. 

Organics Data from K048 Scrubber Water 

Table 0-7 (presented in Appendix D of this background document) 

presents matrix spike recoveries for BOAT List organic constituents that were 

detected in either the untreated waste or in the scrubber water from fluidized 

bed incineration. A4' shown in the table, duplicate matrix spikes were per

formed for BDAT List volatile and semivolatile constituents. The matrix spike 

recovery used for each constituent was the lower of the two values from the 

first matrix spike and the duplicate spike. 
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The accuracy correction factors for the scrubber water data are 

summarized in Appendix D, Table D-11. The corrected treatment concentrations 

for BOAT List constituents that were detected in the untreated waste are 

presented in Table 5-3. These data were used in the determination of BOAT for 

treatment of organics in wastewaters, as discussed in Section 5.6. 

Metals Data From K062 and Metal-Bearing Characteristic Wastes 

The quality assurance/quality control information required to adjust 

the data values for accuracy was not available for performance data from 

treatment of K062 and metal-bearing characteristic wastes (Reference 27). 

Therefore, matrix spike recoveries for BOAT List metal constituents were 

transferred from matrix spikes performed on the TCLP extracts of residual slag 

as reported in the Onsite Engineering Report for Horsehead (Reference 28). 

Appendix O, Table 0-8, presents the matrix spike recoveries for BOAT List 

metal constituents that were regulated in K048-K052 wastewater. The matrix 

spike recovery used for each constituent was the lower of the two values from 

the first matrix spike and the duplicate spike. 

The accuracy correction factors for BOAT List metal constituents 

that were regulated in K048-K052 wastewater are summarized in Appendix O, 

Table 0-11. The corrected treatment concentrations for BOAT List metal 

constituents that were regulated in K048-K052 wastewater are presented in 

Table 5-4. These data were used in the determination of BOAT for treatment of 

metals and inorganics in wastewaters, as discussed in Section 5.7. 

5-11 



5.3 Identification of BOAT for Organics in Nonwastewaters 

The Agency identified the following four demonstrated treatment 

technologies to be considered for BOAT for organics in nonwastewater forms of 

K048-K052: solvent extraction, incineration including fluidized bed and 

rotary kiln incineration, and pressure filtration. The treatment performance 

data for these technologies were compared using the statistical method known 

as the analysis of variance (ANOVA) to determine whether one technology 

performs significantly better than the others for treatment of BOAT List 

organics in nonwastewaters. The following comparisons were performed using 

ANOVA: 

o Three-cycle solvent extraction at plant M versus single-cycle 
solvent extraction at plant M and solvent extraction at plant 
G; 

o Pressure filtration at plants C and D versus three-cycle 
solvent extraction at plant M and; 

o Fluidized bed incineration at plant A versus three-cycle 
solvent extraction at plant H. 

The results of the statistical comparisons are presented in Appendix G and are 

summarized below. 

Comparison of Solvent Extraction Data 

The Agency performed an ANOVA comparison of treatment performance 

for three-cycle solvent extraction at plant M with single-cycle solvent 

extraction at plant M and solvent extraction at plant G. The results of the 
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ANOVA tests are presented in Appendix G. The results show that the 

three-cycle solvent extraction system at plant M provided the best treatment 

for most volatile and semivolatile organic constituents. 

The Agency was not able to perform ANOVA comparisons of treatment 

performance for solvent extraction at plant L and plants G and M because only 

one data value was available for each constituent in the data from plant L. 

However, a qualitative comparison of treatment performance for plant L and 

plants G and M showed that the three-cycle solvent extraction system at plant 

M provided the best treatment for most volatile and semivolatile organic 

constituents. 

Comparison of Pressure Filtration and Solvent Extraction 

The Agency compared the performance of treatment by pressure filtra

tion technologies from plants C and D with treatment by three-cycle solvent 

extraction at plant M. The results of these comparisons are presented in 

Appendix G. The results show that three-cycle solvent extraction provides 

better treatment than pressure filtration for most organic constituents. 

Comparison of Fluidized Bed Incineration and Solvent Extraction 

The Agency performed an ANOVA comparison of treatment by fluidized 

bed incineration at plant A with three-cycle solvent extraction treatment at 

plant M. The test was performed for 12 volatile and semivolatile organic 
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constituents. The results of the ANOVA comparisons are presented in Appendix 

G. The ANOVA results show that there was rio significant difference in perfor

mance achieved by the ·two technologies for three constituents. There was a 

statistically significant difference in treatment for nine constituents. 

Average treated waste concentrations achieved by fluidized bed incineration 

were lower than those achieved by three-cycle solvent extraction for these 

constituents. For most constituents, the differences in average treated waste 

concentrations were small. For naphthalene and xylenes the average treated 

waste concentrations were approximately two orders of magnitude greater for 

solvent extraction than for fluidized bed incineration. Data submitted 

shortly before promulgation of the final rule suggest, however, that certain 

solvent extraction is capable of better treatment of xylene and naphthalene 

than the data from plant M. EPA is continuing to evaluate these new data. 

Because of the questions raised as to the level of treatment achievable by 

solvent extraction for xylene and naphthalene, however, EPA is deferring 

regulation of these constitutents in the final rule. 

The data comparisons also showed that treatment by both technologies 

resulted in non-detect values for all other organic constituents that were 

present in the untreated wastes. 

BOAT for Organics in Nonwastewaters 

In the determination of the "best" technologies for organics in 

nonwastewaters, EPA considered the results of the ANOVA comparisons presented 
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above and the benefits of petroleum resource recovery achieved by solvent 

extraction. 

The Agency has determined that the performance achieved by three

cycle solvent extraction and fluidized bed incineration represent the "best" 

treatment of BOAT List organic constituents in nonwastewater forms of refinery 

wastes K048-K052. Both solvent extraction and fluidized bed incineration are 

"available" technologies, i.e., they are commercially available technologies 

and provide substantial treatment of the hazardous organic constituents in 

nonwastewater forms of K048-K052 wastes. Therefore EPA has determined that 

solvent extraction and fluidized bed incineration are BOAT for these wastes. 

The BOAT treatment standards for most regulated organics in 

nonwastewaters are based on the performance levels achieved by solvent extrac

tion treatment. For di-n-butyl phthalate, however, the BOAT treatment stan

dard is based on fluidized bed incineration treatment, as proposed. Although 

both solvent extraction and fluidized bed incineration achieve levels of 

non-detect for di-n-butyl phthalate in the treated waste, the treatment 

standard for di-n-butyl phthalate calculated based on the performance of 

fluidized bed incineration treatment is slightly higher than that based on 

solvent extraction treatment. The difference is due to differences in detec

tion limits and accuracy correction factors for the two technologies. The 

Agency is promulgating the treatment standard for di-n-butyl phthalate based 

on fluidized bed incineration, as proposed, to ensure that the standard can be 
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achieved through incineration of these wastes, as well as solvent extraction, 

based on EPA's judgement that both of these technologies are BOAT. 

5.4 Identification of BOAT for Cyanide in Nonwastewaters 

The Agency has identified one demonstrated technology for treatment 

of cyanide in nonwastewater forms of K048-K052: incineration, including 

fluidized bed and rotary kiln incineration. The Agency has treatment perfor

mance data for cyanide for fluidized bed incineration of K048 and K051 at 

plant A. The Agency also has data on cyanide concentrations in the treated 

waste from three-cycle solvent extraction at plant M. However, data on 

cyanide concentrations in the untreated waste were not prov.ided and therefore 

the effectiveness of solvent extraction treatment could not be evaluated. 

The Agency has determined that, based on the available data, the 

performance achieved by fluidized bed incineration represents the "best" 

treatment for cyanide in K048 and K051 nonwastewaters. Fluidized bed inciner

ation is also an "available" technology since it is commercially available and 

provides substantial treatment. Therefore, BOAT for cyanide in K048 and K051 

nonwastewaters is fluidized bed incineration. 

As discussed in Section 2.0, the Agency has determined that refinery 

wastes K048-K052 represent a waste treatability group. Since fluidized bed 

incineration is BOAT for cyanide in nonwastewater forms of K048 and K051, this 
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technology is also BOAT for cyanide in nonwastewater forms of K049, KOSO, and 

K052. 

5.5 Identification of BOAT for Metals in Nonwastewaters 

The Agency identified one demonstrated technology for treatment of 

BOAT List metals in nonwastewater forms of K048-K052: stabilization. The 

Agency used the ANOVA test to compare the performance of the stabilization 

treatments using three different binders and to determine which binder system 

provided the best treatment for metals in K048-K052 nonwastewater. 

Three binder stabilization systems (cement, kiln dust, and lime and 

fly ash) were compared using corrected TCLP extract concentrations for the . 

unstabilized and stabilized ash from fluidized bed incineration of K048 and 

K051. The ANOVA test was not performed on beryllium, cadmium, lead, and 

silver because these metals were not detected in the TCLP extract of the 

unstabilized incinerator ash. The test was also not performed for hexavalent 

chromium and thallium because these metals were not analyzed in the TCLP 

extract of the unstabilized ash since they were not on the BOAT List at the 

time of analysis. The results of the ANOVA test are presented in Table 5-5. 

The results indicate that, overall, fluidized bed incineration followed by 

lime and fly ash stabilization provides significantly better or equivalent 

treatment for most metal constituents (except for antimony and barium) than 

fluidized bed incineration alone or fluidized bed incineration followed by 

cement or kiln dust stabilization of the incinerator ash. EPA also expects 
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that stabilization of solvent extraction residuals (solids) would achieve 

similar levels of leachability. 

Based on these results, EPA has determined that stabilization using 

a lime and fly ash binder is the "best" technology for treatment of metals in 

nonwastewater forms of K048 and K051. Stabilization is also an "available" 

technology since it is cormnercially available and provides substantial treat

ment. Therefore, BOAT for metals in nonwastewater forms of K048 and K051 is 

lime and fly ash stabilization. 

As discussed in Section 2.0, EPA has determined that· refinery wastes 

K048-K052 represent a waste treatability group; therefore, since lime and fly 

ash stabilization has been determined to be BOAT for metals in nonwastewater 

forms of K048 and K051 wastes, this technology is also BOAT for metals in 

nonwastewater forms.of K049, KOSO, and K052. 

~ 

5.6 Identification of BOAT for Organics in Wastewaters 

Wastewaters are generated as residuals from treatment of 

nonwastewater forms of K048-K052. For example, incineration of K048-K052 

results in a scrubber water residual. The Agency has treatment performance 

data for organics in the scrubber water residual from fluidized bed incinera

tion treatment of K048. The Agency has no other data on treatment of organics 

in K048-K052 wastewaters. Although EPA believes that biological treatment, 

solvent extraction, and carbon adsorption are also demonstrated technologies 
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for treatment of organics in similar wastewaters, the Agency does not expect 

that any of these technologies would improve upon the performance levels 

achieved by fluidized bed incineration. Therefore, EPA has determined that 

fluidized bed incineration provides the "best" treatment for organics in K048 

wastewaters. This technology is also "available" since it is commercially 

available and it provides substantial treatment of the hazardous organic 

constituents in wastewaters. The BOAT treatment standards for organics in 

K048 wastewaters are therefore based on the performance levels achieved in the 

scrubber water from fluidized ·bed incineration. 

As discussed in Section 2.0, EPA has determined that refinery wastes 

K048-K052 represent a waste treatability group; therefore, since fluidized bed 

incineration is the technology basis for BOAT treatment standards for organics 

in wastewater forms of K048 wastes, these technologies also provide the 

technology basis for BOAT treatment standards for organics in wastewater forms 

of K049, K050, K051, and K052. 

5.7 Identification of BOAT for Metals and Inorganics in Wastewaters 

As described in Section 5.6, wastewaters are generated as residuals 

from treatment of nonwastewater forms of K048-K052. These wastewaters may 

contain BOAT List metal and inorganic constituents. The Agency has identified 

the following demonstrated technologies for treatment of metals and inorganics 

in K048-K052 wastewaters: chromium reduction followed by lime and sulfide 

precipitation and vacuum filtration. 
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The Agency does not have data on treatment of metals and inorganics 

in K048-K052 wastewaters. However, the Agency does have treatment performance 

data for BOAT List metals and inorganics in wastes that are sufficiently 

similar to K048-K052 wastewater residuals such that the performance data can 

be transferred. The data were collected by EPA from one facility treating 

K062 and metal-bearing characteristic wastes using chromium reduction followed 

by lime and sulfide precipitation and vacuum filtration. Operating data 

collected during this treatment performance test indicate that the technology 

was properly operated; accordingly, all of the data were transferred to 

K048-K052 to be considered for BOAT. 

The Agency believes that wastewaters generated from treatment of 

K048-K052 are similar to the untreated K062 and metal-bearing characteristic 

wastes in terms of the types and concentrations of metals and inorganics 

present in the wastes and the treatment performance that can be achieved by 

chromium reduction followed by lime and sulfide precipitation and vacuum 

filtration. 

The Agency has determined that the treatment performance achieved by 

these technologies represents the "best" treatment for metals and inorganics 

in K048-K052 wastewaters. The technologies are also "available" since they 

are coaunercially available and provide substantial treatment of the hazardous 

metal and inorganic constituents in these wastes. Therefore, the Agency has 

determined that BOAT for metals and inorganics in K048-K052 wastewaters is 

chromium reduction followed by lime and sulfide precipitation and vacuum 
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filtration. The BDAT treatment standards are based on a transfer of perfor

mance data from treatment of K062 and metal-bearing characteristic wastes. 
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Table 5-1 

TREATMENT CONCENTRATIONS FOR FLUIDIZED BED 
INCINERATOR ASH CORRECTED FOR ACCURACY: 

PLANT A 

Samele Set 
1 2 3 4 5 6 

BOAT List Constituent lli!!!l i£E.!!!l lli!!ll ~ i.2E.!!l2. i.E.E!!ll 
VOLATILES 
21. Dichlorodifluoro- 2.60 2.60 2.60 2.60 2.60 2.60 

methane 
(Concentration} 

43. Toluene 3.75 2.50 2.50 2.50 2.50 2.50 
(Concentration} 

215-217. Xylene 2.60 2.60 2.60 7.53 2.60 2.60 
(Concentration} 

SEMI VOLATILES 
59, Benz(a)anthracene 0.30 0.30 0.30 0.30 0.30 0.30 

(Concentration) 

70. Bis(2-ethylhexyl) 1.49 1.49 1.49 1. 49 1. 49 1. 49 
phthalate 

(Concentration) 

80. Chrysene 0.30 0.30 0.30 0.30 0.30 0.30 
(Concentration) 

98. 01-n-butyl phthalate 1.49 1.49 1.49 1.49 1.49 1. 49 
( Concentra.tion} 

109. Fluorene 0.30 !).30 0.30 0.30 0.30 0.30 
(Concentration) 

121 . Naphthalene 0.30 0.30 0.30 0.30 0.30 0.30 
(Concentration) 

141. Phenanthrene 0.30 0.30 0.30 0.30 0.30 0.30 
(Concentration) 

145. Pyrene 0.38 0.38 0.38 0.38 0.38 0.38 
(Concentration) 
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Table 5-1 (Continued) 

TREATMENT CONCENTRATIONS FOR FLUIDIZED BED 
INCINERATOR ASH CORRECTED FOR ACCURACY: 

PLANT A 

Samele Set 
1 2 3 4 5 6 

BOAT List Constituent i£E!!!.l i£E!!!.l i£E!!!.l (pcm) i£E!!!.l (pcm) 

METALS 
154. Antimony 0.08 0.08 0. 12 0.08 0.08 0.09 

(TCLP) 

155. Arsenic 0.01 0.006 0.02 0.01 0.02 0.02 
(TCLP) 

156. Barium 0. 19 0.26 0. 18 0.27 0.22 0.23 
(TCLP) 

157. Beryllium 0.001 0.001 0.001 0.001 0.001 0.001 
(TCLP) 

158. Cadmium 0.004 0.004 0.004 0.004 0.004 0.004 
(TCLP~ 

159. Chromium (total) 2.76 3.26 2.63 2.89 3.01 2.63 
(TCLP) 

160. Copper 0.02 0.02 0.02 0.02 0.02 0.02 
(TCLP) 

161. Lead 0.06 0.06 0.06 0.06 0.06 0.06 
(TCLP) 

162. Mercury 0.0003 0.0002 0.0002 0.0003 0.0003 0.0002 
(TCLP) 

163. Nickel 0.03 0.03 0.03 0.03 0.03 0.04 
(TCLP) 

164. Selenium 0.04 0.02 o. 10 0. 14 0. 15 0. 15 
(TCLP) 

165. Silver 0.012 0.012 0.012 0.012 0.012 0.012 
(TCLP) 

167. Vanadium 3.63 3.24 4.02 3.50 3.76 4.67 
(TCLP) 

168. Zinc 0. 1 , 0. 12 0. 12 0. 12 0. 1 1 0. 15 
(TCLP) 
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Table 5-1 (Continued) 

TREATMENT CONCENTRATIONS FOR FLUIDIZED BED 
INCINERATOR ASH CORRECTED FOR ACCURACY: 

BOAT List Constituent 

INORGANICS 

169 .. Total Cyanide 
(Concentration) 

171 . Sulfide 
(Concentration) 

1 

.LeP!tl 

0. 1 

61 

PLANT A 

2 
i.E.P!!!l 

0.38 

61 
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Sample Set 
3 4 

i.E.P!!!l i.E.P!!!l 

0. 1 0.48 

61 61 

5 
l.E.P!!!l 

0. 1 

61 

0.48 

61 



Table 5-2 

. TREATMENT CONCENTRATIONS FOR TCLP EXTRACTS OF 
STABILIZED INCINERATOR ASH CORRECTED FOR ACCURACY: PLANT I 

Cement Binder Kiln Dust Binder Lime and Fl~ Ash Binder 
Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 

BOAT List li!l!!l ~ ~ ~ ~ iE.e!!!.1 ~ ~ ~ 
CONSTITUENT 

15!t. Antimony 0.22 0.22 0.22 0.25 0.27 0.25 0.22 0.22 0.22 

155. Arsenic 0.004 0. OOlt 0.004 0.004 0.004 0.004 0.004 O.OOlt o.ooq 

156. Barium 0.29 0.30 0.30 0.22 0.22 0.23 0.58 0. 54 0.62 

. 157. Beryllium 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 

158. Cadmium O. OOlt 0.004 0.004 0.004 O.OOfl o.ooq 0.004 0.004 O.OO!t 

U1 159. Chromium 
I (total) 2.65 2.66 2.71 2.37 2.55 2.49 1.47 1.58 1.41 N 

\J1 

221. Chromium 
(hexavalent) 0.66 0.52 3.94 0.37 0.39 2.09 1.113 1. 12 o. 711 

160. Copper 0.003 0.003 0.017 O.OO!f O.OO!f 0.004 O.OO!f 0.004 0.008 

161. Lead 0.006 0.006 0.011 0.026 0.012 0.008 0.008 0.008 0.008 

163. Nickel 0.025 0.025 0.025 0.027 0.027 0.027 0.026 0.026 0.026 

16Jt. Selenium 0.03 0.026 0.029 0.059 0.057 0.053 0.015 0.019 0.020 

165. Silver 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 

166. Thallium 0.002 0.015 0.002 0.002 0.002 0.002 0.002 0.002 0.002 

167. Vanadium 1.02 1.57 1.67 3.49 lt.20 3.56 0. 16 o. 16 0.17 

168. Zinc 0.078 0.063 0. 12 0.068 0.059 0.044 0.029 0.032 0.076 



Table 5-3 

TREATMENT CONCENTRATIONS FOR SCRUBBER WATER 
CORRECTED FOR ACCURACY: PLANT A 

Samele Set 
1 2 3 4 5 0 

BOAT List Constituent iEEm.l i.e.e!!1.l . i.e.e!!1.l i.e.e!!1.l i.EE!!!l i.E£!!!l 
4. Benzene 0.004 0.004 0.004 0.004 0.004 0.004 

226. Ethyl benzene 0.004 0.004 0.004 0.004 0.004 0.004. 
43. Toluene 0.004 0.004 0.004 0.004 0.004 0.004 

215-
217. Xylene 0.004 0.004 0.004 0.004 0.004 0.004 
70. Bis(2-ethylhexyl)- 0.015 0.015 0.015 0.015 0.015 0.015 

phthalate 
80. Chrysene 0.015 0.015 0.015 0.015 0.015 0.015 
98. Di-n-butyl 0.021 0.021 0.021 0.021 0.021 0.021 

phthalate 
109. Fluorene 0.018 0.018 0.018 0.018 0.018 0.018 
121. Naphthalene 0.012 0.012 0.012 0.012 0.012 0.012 
141. Phenanthrene 0.014 0.014 0.014 0.014 0.014 0.014 
142. Phenol 0.017 0.017 0.017 0.017 0.017 0.017 
145. Pyrene 0.016 0.016 0.016 0.016 0.016 0.016 
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I 

N ..... 

Sample Set 

Table 5-'4 

TREATMENT CONCENTRATIONS fOR BDAT LIST METAL CONSTITUENTS CORRECTED FOR ACCURACY 
(K062 AND METAL-BEARING CHARACTERISTIC WASTES) 

1 2 3 
Corrected Treatment Concentration (ppm) 
~4- 5 6 7 8 9 11 12 

BOAT List Constituent 

159. Chromium (total) 0.18 o. 18 0.29 0. 15 0. 16 o. 15 0. 18 0.22 0. 15 0. 18 0.23 

162. Lead 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013 



Table 5-5 

RESULTS OF THE ANALYSIS OF VARIANCE TEST COMP~RING FLUIDIZED BED INCINERATION 
AND FLUIDIZED BED I~CINERATION FOLLOWED BY ASH STABILIZATION 

Fluidized Bed Incineration Followed by Ash 
Stabilization Usin~ the ~ollowin~ Binders* 

BOAT List Metal Fluidized Bed Lime and 
Constituents Incineration Cement Kiln Dust fly Ash 

154. Antimony 2 4 2 

155. Arsenic 4 

156. Barium 2 4 

159. Chromium (total) 4 4 2 

160. Copper 4 

163. Nickel 

164. Selenium 4 2 3 

167. Vanadium 4 2 4 

168. Zinc 4 

• The numbers in the table indicate the results of the statistical comparison 
(ANOVA) of treatments. A ranking of 1 to 4 is shown for each constituent 
and treatment test where a "1" indicates the best performance and a "4" 
indicates the worst performance. Two treatments with the same number for a 
constituent indicates that there was no significant difference between the 
treatment effectiveness. 
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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 K048-K052 

wastes. 

The Agency initially considered for regulation all constituents on 

the BOAT List (see Table 1-1, Section 1.0). Summarized in Table 6-1 are 

available waste characterization data for each wastecode for the BOAT List 

constituents. For constituents known to be present in the wastes, the range 

of detected concentrations is shown in the table. Those constituents that 

·were analyzed but were not detected in the wastes are identified by "ND." 

Constituents for which the Agency does not have analytical characterization 

data are identified by "NA" (not analyzed). 

As explained in Section 1.0, the Agency is not regulating all of the 

constituents considered for regulation to reduce the analytical cost burdens 

on the treater and to facilitate implementation of the compliance and enforce

ment program. A.s discussed further below, a BOAT List constituent was not 

considered tor regulation if: (1) the constituent was not detected in the 

untreated waste; (2) the constituent was not analyzed in the untreated waste; 

or (3) detection limits·or analytical results were not obtained for the 

constituent due to analytical or accuracy problems. Some additional constitu

ents were deleted from consideration for regulation, as discussed in Section 

6. 1 • 
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Constituents That Were Not Detected in the Untreated Waste. Con

stituents that were not detected in the untreated waste (labeled ND in Table 

6-1) were not considered for regulation. Analytical detection limits were, in 

most cases, practical quantification limits. Since detection limits vary 

depending upon the nature of the waste· matrix being analyzed, the detection 

limits determined in the characterization of these wastes are included in 

Appendix H. 

Constituents That Were Not Analyzed. Some constituents on the BOAT 

List were not considered for regulation .because they were not analyzed in the 

untreated wastes (labeled NA in Table 6-1). Some constituents were not 

analyzed in the untreated wastes based .on the judgment that it is extremely 

unlikely that the constituent would be present in the wastes. Other constitu

ents were not analyzed in the untreated waste because they were not on the 

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 (labeled A in Table 6-1). 

The analytical and accuracy problems included: (1) laboratory QA/QC analyses 

indicated inadequate recoveries and, therefore, the accuracy of the analysis 

for the constituent could not be ensured; (2) a standard was not available for 
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the constituent and, therefore, system calibration could not be performed for 

the constituent; and (3) colorimetric interferences occurred during analysis 

for the constituenc and, therefore, accurate analyses could not be performed. 

6. 1 Constituents Detected in Untreated Waste But Not Considered for 

Regulation 

Some BOAT List constituents that were detected in the untreated 

K048-K052 wastes were not considered for regulation. Constituents were not 

considered for regulation if: (1) available treatment performance data for 

the constituent did not show effective treatment by BOAT; or (2) treatment 

performance data were not available for the constituent; or (3) other reasons, 

as described below. BDAT List constituents that were further considered for 

regulation following the deletions described in this section are listed on 

Table 6-2. 

Constituents for Which Available Treatment Performance Data Did Not 

Show Effective Treatment by BDAT. BOAT List constituents that were present in 

an untreated K048-K052 waste but were not effectively treated by the tech

nology basis for BDAT treatment standards were deleted from consideration for 

regulation for the K048-K052 waste treatability group. Accordingly, sulfide 

was not considered for regulation in wastewater and nonwastewater because che 

BDAT technologies for K048-K052 do not provide effective treatment for this 

constituent. Moreover, the Agency is unaware of any demonstrated technology 

for treatment of sulfide in K048-K052. 
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Similarly, antimony, barium, beryllium, cadmium, lead, mercury, and 

silver were not considered for regulation in nonwastewater because the 

Agency's data on stabilization of nonwastewater (fluidized bed incinerator 

ash) did not show effective treatment for these constituents. 

In addition, barium was deleted from further consideration for 

regulation in wastewaters because it is not effectively treated by chromium 

reduction followed by lime and sulfide precipitation and vacuum filtration. 

Constituents for Which Treatment Performance Data Were Not 

Available. Hexavalent chromium and fluoride were not considered for regu

lation in nonwastewater because they were not analyzed in the unstabilized 

incinerator ash since they were not on the BOAT List at the time of analysis. 

Therefore, the effectiveness of treatment could not be evaluated for these 

constituents. 

Fluorene, carbon disulfide, 2,4-dimethylphenol, and acenaphthene 

were not considered for regulation in K048-K052 nonwastewaters because the 

Agency does not have BOAT treatment performance data for these constituents. 

Cyanide was not considered for regulation in K048-K052 wastewaters 

because BOAT treatment performance data collected by EPA were not available 

soon enough to allow the Agency to fully evaluate the data. The Agency is 

continuing to evaluate these data and will consider regulating cyanide in 

K048-K052 wastewaters based on this evaluation. 
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Constituents Not Considered for Regulation for Other Reasons. 

Copper, vanadium, and zinc were considered for regulation in K048-K052 waste

waters and nonwastewaters but were not selected as regulated constituents. 

Although copper cyanide, vanadium pentoxide, and zinc cyanide are listed on 

Appendix VIII of 40 CFR Part 261, the metals are not listed individually. 

In this First Thirds rulemaking, the Agency is only regulating copper, 

vanadium, and/or zinc when they are indicators of performance of treatment for 

Appendix VIII constituents. For K048-K052, these metals (copper, vanadium, 

a:d zinc) are not used as indicators of performance of treatment for other 

Appendix VIII constituents and are therefore not regulated. 

One organic constituent, dichlorodifluoromethane, was deleted from 

consideration for regulation in nonwastewater and wastewater. 

Dichlorodifluoromethane was detected in two of six samples of untreated K048 

collected by EPA from Plant A; however, the constituent was also detected at a 

higher concentration in another waste (biosludge) that was mixed with K048 

prior to the collection of the K048 sample and it is believed that this 

accounted for its presence in the K048 samples. Additionally, 

dichlorodi(luoromethane was not reported as present in K048 in other data 

sources, as shown in Table 2-4. Therefore, dichlorodifluoromethane was not 

considered for regulation in K048. 

6.2 Constituents Selected for Regulation 

BOAT List constituents selected for regulation in K048-K052 are 

p~esented in Table 6-3. Included in Table 6-3 are the constituents selected 

6-5 



for regulation after consideration of: (1) constituent concentratiJn levels 

in the untreated waste; (2) whether the constituents are adequately controlled 

by the regulation of another constituent; and· (3) the relative difficulty 

associated with achieving effective treatment of the constituent by BOAT. 

The selection of regulated constituents for nonwastewater is discussed in 

Section 6.2. 1 and for wastewater in Section 6.2.2. 

6.2.1 Selection of Regulated Constituents in Nonwastewater 

All of the organic, inorganic, and metal constituents that were 

further considered for regulation were selected for regulation for K048-K052 

nonwastewater. 

6.2.2 Selection of Regulated Constituents in Wastewater 

All of the organic constituents that were further considered for 

regulation were selected for regulation for K048-K052 wastewaters. Treatment 

performance data for organics in K048-K052 wastewater are from samples of 

scrubber water residual collected by EPA from incineration of K048 at plant A. 

Where performance data for a specific regulated constituent were not 

available, data were transferred from another constituent ehat was detected in 

the untreated waste. As shown in Section 7.0, the transfers were based on the 

calculated bond dissociation energies (BOE) for the constituents. 

Treatment performance data for metals in K048-K052 wastewater were 

transferred from treatment of K062 and metal-bearing characteristic wastes. 
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The BOAT technology is chromium reduction followed by lime and sulfide precip

itation and vacuum filtration. 

Only two metals, total chromium and lead, were selected for regu

lation in K048-K052 wastewaters. No inorganic constituents were selected for 

regulation in K048-K052 wastewaters. All metal and inorganic constituents 

considered for regulation, with the exception of total chromium and lead, were 

not selected because these constituents were found at lower concentrations in 

the untreated waste than other constituents and they are believed to be 

adequately controlled by standards established for total chromium and lead. 

Control is provided by the use of chromium reduction followed by lime and 

sulfide precipitation and vacuum filtration treatment. By removing the metals 

present at the highest concentrations in the untreated waste, adequate treat

ment will be provided for other metals present at lower treatable concentra

tions. 
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Table 6-1 

SUMMARY OF AVAILABLE CHARACTERIZATION DATA FOR BOAT LIST CONSTITUENTS 
FOR UNTREATED K048-K052 

K048 K0119 K050 K051 K052 
Detection Detection Detection Detection Detection 
Status Status Status Status Status 

Volatiles (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

222. Acetone NA NA NA NA NA 
1. Acetonitrlle ND ND ND ND ND 
2. Acrolein ND ND ND ND ND 
3. Acrylonitrlle ND ND ND ND ND 
4. Benzene 13-16 ND-1,600 ND 74 650 
5. Bromodichloromethane ND ND ND ND ND 

"' 6. Bromomethane ND ND ND ND ND 
I 223. n-Butyl alcohol NA NA NA NA ND O> 

1. Carbon tetrachloride ND ND ND ND ND 
8. Carbon disulfide A ND-0.96 ND A ND 
9. Chlorobenzene ND ND ND ND NO 

10. 2-Chloro-1,3-butadiene ND ND NO ND ND 
11. Chlorodibromomethane ND ND ND ND ND 
12. Chloroethane ND ND ND ND NO 
13. 2-Chloroethyl vinyl ether A ND ND A ND 
14. Chloroform ND ND ND ND -ND . 
15. Chloromethane ND ND ND ND ND 
16. 3-Chloropropene ND ND ND ND ND 
17. 1,2-Dibromo-3-chloropropane ND ND ND NO NO 
18. 1,2-Dibromoethane ND ND NO ND ND 
19. Dibromomethane ND ND ND ND ND 
20. trans-1,11-Dichloro-2-butene ND ND ND NO ND 
21. Dichlorodlfluoromethane ND-310 ND ND ND ND 
22. 1,1-Dlchloroethane ND ND NO NO ND 
23. 1,2-Dichloroethane ND ND ND ND ND 

A = Constituent was analyzed but a detection limit or analytical result was not obtained due to 
analytical problems. 

NA = Not analyzed. 
ND = Not detected. 



Table 6-1 (Continued) 

SUMMARY OF AVAILABLE CHARACTERIZATION DATA FOR BOAT LIST CONSTITUENTS 
FOR UNTREATED K048-K052 

K048 K049 K050 K051 K052 
Detection Detection Detection Detection Detection 
Status Status Status Status Status 

Volatiles (Cont.) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

24. 1,1-Dichloroethylene ND ND ND ND ND 
25. trans-1,2-Dichloroethene ND ND ND ND ND 
26. 1,2-Dichloropropane ND ND ND ND ND 
21. trans-1,3-Dichloropropene ND ND ND ND ND 
28. cis-1,3-Dichloropropene ND ND ND ND ND 
29. 1,4-Dloxane A ND ND A ND 

a- 224. 2-Ethoxyethanol NA NA NA NA NA 
I 225. Ethyl acetate NA NA NA NA NA 
'° 226. Ethyl benzene ND-120 120 NA 46-120 2, 300 

30. Ethyl cyanide ND ND ND ND ND 
227. Ethyl ether NA NA NA NA NA 

31. Ethyl methacrylate ND ND ND ND ND 
214. Ethylene oxide NA NA NA NA NA 

32. Iodomethane ND ND ND ND ND 
33. lsobutyl alcohol ND ND ND ND ND 

228. Methanol NA NA NA NA Nil 
34. Methyl ethyl ketone ND ND ND ND ND 

229. Methyl isobutyl ketone NA NA NA NA NA 
35. Methyl methacrylate ND ND ND ND ND 
37. Methacrylonitrlle ND ND ND ND ND 
38. Methylene chloride ND ND ND ND ND 

230. 2-Nitropropane NA NA NA NA NA 
39. Pyridine ND ND ND ND ND 
40. 1,1,1,2-Tetrachloroethane ND ND ND ND ND 

A = Constituent was analyzed but a detection limit or analytical result was not obtained due to 
analytical problems. 

NA = Not analyzed. 
ND = Not detected. 



Table 6-1 (Continued) 

SUMMARY OF AVAILABLE CHARACTERIZATION DATA FOR BOAT LIST CONSTITUENTS 
FOR UNTREATED K048-K052 

KOll8 KOll9 K050 K051 K052 
Detection Detection Detection Detection Detection 
Status Status Status Status Status 

Volatiles (Cont.) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

41. 1,1,2,2-Tetrachloroethane ND ND ND ND ND 
142. Tetrachloroethene ND HD ND ND ND 
43. Toluene 22-150 210-18,000 ND 33-450 6,!WO 

'44. Tribromomethane ND ND ND ND ND 
'45. 1,1,1-Trichloroethane ND ND ND ND ND 
'46. 1,1,2-Trichloroethane ND ND ND ND ND 

a- 47. Trichloroethene ND ND ND ND ND 
I 48. Trichloromonofluoromethane ND ND ND ND ND ..... 

0 49. 1,2,3-Trichloropropane ND ND ND ND ND 
231. 1,1,2-Trichloro-1,2,2-tri- NA NA NA NA NA 

f luoroethane 
50. Vinyl chloride ND ND ND ND ND 

215.-
217. Xylene ND-170 150 ND 71-720 3,500 

Semi volatiles 

51. Acenaphthalene ND ND ND ND ND 
52. Acenaphthene ND ND ND ND-33 ND 
53. Acetophenone ND ND ND ND ND 
5IL 2-Acetylaminofluorene A ND ND A ND 
55. '4-Aminobiphenyl ND ND ND ND ND 
56. Aniline ND ND ND ND ND 
57. Anthracene ND ND-58 ND 13 ND 
58. Aramite A A ND A A 
59. Benz(a)anthracene ND ND ND ND-29 ND 

A = Constituent was analyzed but a detection limit or analytical result was not obtained due to 
analytical problems. 

NA = Not analyzed. 
ND = Not detected. 



Table 6-1 (Continued) 

SUHHARY OF AVAILABLE CHARACTERIZATION DATA FOR BOAT LIST CONSTITUENTS 
FOR UNTREATED K0118-K052 

KO!i8 KO!i2 K050 K051 K052 
Detection Detection Detection- Detection Detection 
Status Status Status Status Status 

Semivolatiles (Cont.) (mg/kg) (mg/kg) {mg/kg) (mg/kg) (mg/kg) 

218. Benzal chloride NA NA NA NA NA 
60. Benzenethiol A A ND A A 

62. Benzo(a)pyrene O.OO!i-1. 75 0.002-<!IO 0.7-3.6 0.002-115 o. 02-< 1. 8 
63. Benzo(b)fluoranthene A ND ND ND ND 
611. Benzo(ght)perylene ND ND ND ND ND 
65. Benzo(k)fluoranthene ND ND ND ND ND 

°' 66. p-Benzoquinone A A ND A A 
I .... 67. 81s(2-chloroethoxy)ethane ND ND ND ND ND .... 

68. B1s(2-chloroethyl)ether ND ND ND ND ND 
69. Bls(2-chloro1sopropyl)ether ND ND ND ND ND 
70. Bls(2-ethylhexyl)phthalate ND-59 ND-29 ND ND-30 ND 
71. 11-Bromophenyl phenyl ether ND ND ND ND ND 
72. Butyl benzyl phthalate ND ND ND ND ND 
73. 2-sec-Butyl-11,6-dtnltro- A ND ND A ND 

phenol 
711. p-Chloroaniline ND ND ND ND ND . 
75. Chlorobenztlate A A ND A A 

76. p-Chloro-~-cresol ND ND ND ND ND 
77. 2-Chloronaphthalene ND ND ND ND ND 
78. 2-Chlorophenol ND ND ND ND ND 
79. 3-Chloroproptonttrile A A ND A A 
80. Chrysene ND-59 ND-1111 ND 1'1-51 ND 
81. ortho-Cresol ND ND ND ND 13 
82. para-Cresol ND ND ND ND 13 

A = Constituent was analyzed but a detection limit or analytical result was not obtained due to 
analytical problems. 

NA = Not analyzed. 
ND = Not detected. 



Table 6-1 (Continued) 

SUMMARY OF AVAILABLE CHARACTERIZATION DATA FOR BDAT LIST CONSTITUENTS 
FOR UNTREATED K048-K052 

K048 K049 K050 K051 K052 
Detection Detection Detection Detection Detection 
Status Status Status Status Status 

Semivolatiles (Cont.) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

232. Cyclohexanone NA NA NA NA NA 
83. Dibenz(a,h)anthracene ND ND ND ND ND 
811. Dibenzo(a,e)pyrene A A ND A A 
85. Dibenzo(a,i)pyrene A A ND A A 
86. m-Dichlorobenzene ND ND ND ND ND 
87. o-Dichlorobenzene ND ND ND ND ND 

a. 88. p-Dichlorobenzene ND ND ND ND ND 
I ..... 89. 3,3'-Dichlorobenzidine ND ND ND ND ND 

N 

90. 2,4-Dichlorophenol ND ND ND ND ND 
91. 2,6-Dichlorophenol ND A ND ND A 
92. Diethyl phthalate ND ND ND ND ND 
93. 3,3'-Dimethoxybenzidine ND ND ND ND ND 
911. p-Dimethylaminoazobenzene ND ND ND ND ND 
95. 3,3'-Dimethylbenzidine A A ND A A 
96. 2,4-Dimethylphenol ND ND-3.3 ND ND 4.2 
97. Dimethyl phthalate ND ND ND ND ND 
98. Di-n-butyl phthalate 67-190 ND ND ND-230 ND 
99. 1,4-Dlnitrobenzene ND ND ND ND ND 

100. 4,6-Dinltro-o-cresol ND ND ND ND ND 
101. 2,4-Dinitrophenol ND ND ND NO ND 
102. 2,4-Dinitrotoluene ND ND ND ND ND 
103. 2,6-Dinitrotoluene ND ND ND ND ND 
1011. Di-n-octyl phthalate ND ND ND ND ND 
105. Di-n-propylnitrosamine ND ND ND ND ND 

A = Constituent was analyzed but a detection limit or analytical result was not obtained due to 
analytical problems. 

NA = Not analyzed. 
ND = Not detected. 



Table 6-1 (Continued) 

SUMMARY OF AVAILABLE CHARACTERIZATION DATA FOR BDAT LIST CONSTITUENTS 
FOR UNTREATED K048-K052 

KO!l8 KO!l9 K050 K051 K052 
Detection Detection Detection Detection Detection 
Status Status Status Status Status 

Semivolatiles (Cont.) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

106. Dlphenylamine ND ND ND ND ND 
219. Dipheny~nitrosamine NA NA NA NA NA 
107. 1,2-Diphenylhydrazine ND ND ND ND ND 
1o8. Fluoranthene ND ND ND ND ND 
109. Fluorene ND-58 ND ND 11-37 ND 
110. Hexachlorobenzene ND ND ND NO ND 

Q\ 111. Hexachlorobutadlene ND ND ND NO ND 
I .... 112. Hexachlorocyclopentadlene ND ND ND ND ND 

w 
113. Hexachloroethane ND ND ND ND ND 
11!1 • Hexachlorophene A A ND A A 

115. Hexachlorop~opene ND A ND ND A 
116. Indeno(1,2,3-cd)pyrene ND ND ND ND NO 
117. lsosafrole A ND ND A ND 
118. Hethapyrilene A A ND A A 

119. 3-Methylcholanthrene A ND ·ND A ND 
120. 4,4'-Hethylenebls A ND ND A ND . 

(2-chloroaniline) 
36. Methyl methanesulfonate ND A ND ND A 

121. Naphthalene 93-350 <40-680 ND 97-200 13 
122. 1,4-Naphthoquinone ND A ND ND A 
123. 1-Naphthylamlne ND ND ND NO ND 
124. 2-Naphthylamine ND ND ND ND ND 
125. p-Nitroanil ine ND ND ND NO ND 
126. Nitrobenzene ND ND NO ND ND 

A = Constituent was analyzed but a detection limit or analytical result was not obtained due to 
analytical problems. 

NA = Not analyzed. 
ND = Not detected. 



Table 6-1 (Continued) 

SUMMARY OF AVAILABLE CHARACTERIZATION DATA FOR BDAT LIST CONSTITUENTS 
FOR UNTREATED KO!f8-K052 

K048 K049 K050 K051 K052 
Detection Detection Detection Detection Detection 
Status Status Status Status Status 

Semi volatiles (Cont.) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

127. 4-Nitrophenol ND ND ND ND ND 
128. N-Nitrosodl-n-butylamine ND A ND ND A 
129. N-Nitrosodiethylamine ND· A ND ND A 
130. N-Nitrosodimethylamine ND ND ND ND ND 
131. N-Nitrosomethylethylamine A ND ND A ND 
132. N-Nitrosomorpholine ND ND ND ND ND 

"' 133. N-Nitrosoplperidine ND ND ND ND ND 
I 

...... 134. N-Nitrosopyrrolidine ND ND ND ND ND 
l:-

135. 5-Nitro-o-toluidine A ND ND A ND 
136. Pentachlorobenzene ND A ND ND A 
137. Pentachloroethane ND A ND ND A 

138. Pentachloronitrobenzene ND ND ND ND ND 
139. Pentachlorophenol ND ND ND ND ND 
140. Phenacetin ND ND ND ND ND 
1!11. Phenanthrene 77-190 ND-390 ND 70-120 1. !f 
1!12. Phenol 3.0-210 ND-127 8-18.5 ND-156.7 < 1.8 .. 250 
220. Phthalic anhydride NA NA NA NA NA 
1!13. 2-Picoline ND ND ND ND ND 
144. Pronamide ND A NO NO A 

1!15. Pyrene 31-93 33-110 ND 2!1-7!1 NO 
146. Resorcinol ND A ND ND A 

1!17. Safrole A ND ND A ND 
1118. 1,2,4,5-Tetrachlorobenzene ND ND ND ND ND 
149. 2,3,4,6-Tetrachlorophenol ND ND ND ND ND 
150. 1,2,'l-Trichlorobenzene ND ND ND ND ND 

A = Constituent was analyzed but a detection limit or analytical result was not obtained due to 
analytical problems. 

NA = Not analyzed. 
ND = Not detected. 



Table 6-1 (Continued) 

SUMMARY OF AVAILABLE CHARACTERIZATION DATA FOR BOAT LIST CONSTITUENTS 
FOR UNTREATED K048-K052 

K048 K049 K050 K051 K052 
Detection Detection Detection Detection Detection 
Status Status Status Status Status 

Semivolatiles (Cont.) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

151. 2,4,5-Trichlorophenol ND ND ND ND ND 
152. 2,4,6-Trichlorophenol ND ND ND ND ND 
153. Tris(2,3-dibromopropyl) ND ND ND ND ND 

phosphate 

Metals 

"' I 154. Antimony 4.4-7 ND-19 ND 9-18 111 .... 
IJ1 155. Arsenic 0.05-10.5 <2.2-30 10.2-11 o. 1-32 63-525 

156. Barium 43.0-59 28-370 ND 68-412 8 
157. Beryllium 0.0012-0.84 ND-0.35 0.05-0.34 0.0012-0.24 0 .0025-<0. 1 
158. Cadmium ND-0.7 0. 19-28.8 1.0-1.5 0.024-3.0 o. 82-8. 1 
159. Chromium (total) 0.04-3,435 28.9-1,400 11-1,600 0. 1-6 '790 1.0-504 
221. Chromium (hexavalent) ND 0.02-<1.9 0.01-<1.0 0.01-22 NA 
160. Copper 0.05-56 48-79.8 67-75 2.5-550 110-172 
161. Lead 0.05-1,250 21. 95-3, 900 0.5-1, 100 0.25-2,480 11-5,800 
162. Mercury ND-0.89 ND-32 o. 14-3 .6 0.04-6.2 0. 19-2.4 
163. Nickel 0.025-16 9.2-86 61-170 0.25-150.4 97.2-392 
164. Selenium 0.1-11 ND-5.0 2 .4-52 0 .005-12 3. 1-< 100 
165. Silver 0.0013-6 <0.38-0~4 0.0007-0.01 0.05-3 0.05-<6.0 
166. Thallium ND ND ND ND ND 
167. Vanadium 0.05-460 2.5-60 0.7-50 1-350 1.0-9 .8 
168. Zinc 10-1,825 72.8-250 9.1-297 25-6,596 17 • 1- 17 I 000 

NA = Not analyzed. 
ND = Not detected. 



Table 6-1 (Continued) 

SUMMARY OF AVAILABLE CHARACTERIZATION DATA FOR BDAT LIST CONSTITUENTS 
FOR UNTREATED K048-K052 

K048 KO'l9 K050 K051 K052 
Detection Detection Detection Detection Detection 
Status Status Status Status Status 

lnorganics (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

169. Cyanide 0.01-7.9 0.000012-52.5 0.0004-3.3 0 .00006-51. 4 1.89 
170. Fluoride 5.3-22.0 1.31 ND ND 955 
171. Sulfide 130-2,800 34.4 ND 120-4,800 111 

Organochlorine Pesticides 

O' 172. Aldrin NA NA NA NA NA 
I 173. alpha-BHC NA NA NA NA NA .-

O' 174. beta-BHC NA NA NA NA NA 
175. delta-BHC NA NA NA NA NA 
176. ganma-BHC NA NA NA NA NA 
177. Chlordane NA NA NA NA NA 
178. ODD NA NA NA NA NA 
179. ODE NA NA NA NA NA 
180. DDT NA NA NA NA NA 
181. Dieldrin NA NA NA NA NA 
182. Endosulfan I NA NA NA NA NA 
183. Endosulfan II NA NA NA NA NA 
18". 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. lsodrin NA NA NA NA NA 

NA = Not analyzed. 
ND = Not detected. 



Table 6-1 (Continued) 

SUMMARY OF AVAILABLE CHARACTERIZATION DATA FOR BDAT LIST CONSTITUENTS 
FOR UNTREATED K048-K052 

K048 K049 K050 K051 K052 
Detection · Detection Detection Detection Detection 
Status Status Status Status Status 

Organochlorine Pesticides (Cont.) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

189. Kepone NA NA NA NA NA 
190. Hethoxychlor NA NA NA NA NA 
191. Toxaphene NA NA NA NA NA 

Phenoxyacetic Acid Herbicides 

0\ 192. 2,4-Dichlorophenoxyacetic NA NA NA NA NA 
I acid ~ ...... 193. SU vex NA NA NA NA NA 

194. 2,4,5-T NA NA NA NA NA 

Organophosphorus Insecticides 

195. Disulfoton NA NA NA NA NA 
196. Famphur NA NA NA NA NA 
197. Methyl parathion NA NA NA NA NA . 
198. Parathion NA NA NA NA NA 
199. Phorate NA NA NA NA NA 

PCBs 

200. Aroclor 1016 NA NA NA NA NA 
201. Aroclor 1221 NA NA NA NA NA 
202. Aroclor 1232 NA NA NA NA NA 
203. Aroclor 12112 NA NA NA NA NA 

NA = Not analyzed. 
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PCBs (Cont.) 

204. Aroclor 
205. Aroclor 
206. Aroclor 

1248 
1254 

Table 6-1 (Continued) 

SUHHARY OF AVAILABLE CHARACTERIZATION DATA FOR BOAT LIST CONSTITUENTS 
FOR UNTREATED K048-K052 

K048 K049 K050 K051 
Detection Detection Detection Detection 
Status Status Status Status 
(mg/kg) (mg/kg) (mg/kg) (mg/kg) 

NA NA NA NA 
NA NA NA NA 

1260 NA NA NA NA 

Dioxins and Furans 

207. Hexachlorodibenzo-p-dioxins NA NA NA NA 
208. Hexachlorodibenzofuran NA NA NA NA 
209. Pentachlorodibenzo-p-dioxins NA NA NA NA 
210. Pentachlorodibenzofuran NA NA NA NA 
211. Tetrachlorodibenzo-p-dioxins NA NA NA NA 
212. Tetrachlorodibenzofuran NA NA NA NA 
213. 2,3,7,8-Tetrachlorodibenzo-p- NA NA NA NA 

dioxin 

NA = Not analyzed. 

K052 
Detection 
Status 
(mg/kg) 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
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Table 6-2 

BOAT LIST CONSTITUENTS CONSIDERED FOR REGULATION* 

NONWASTEWATER 

KOllB KOll9 K050 K051 K052 

II. Benzene ... Benzene 62 • Benzo(a)pyrene II. Benzene .. . Benzene 
226. Ethylbenzene 226. Ethylbenzene 1112. Phenol 226. Ethylbenzene 226. Ethylbenzene 

113. Toluene 113. Toluene 155. Arsenic 113. Toluene 113. Toluene 
•• Xylene •• Xylene 159 . Chromium( total) •• Xylene •• Xylene 
62. Benzo(a)pyrene 57. Anthracene 163. Nickel 57. Anthracene 62. Benzo(a)pyrene 
70. Bis(2-ethyl- 62. Benzo(a)pyrene 1611. Selenium 59. Benz(a)anthra- 81. ortho-Cresol 

hexyl)phthal- 10. Bis(2-ethyl- 169. Cyanide cene 82. para-Cresol 
ate hexyl)phthal- 62. Benzo(a)pyrene 121. Naphthalene 

80. Chrysene ate 70. Bls(2-ethyl- 1111. Phenanthrene. 
98. Di-n-butyl 80. Chrysene hexyl)phthal- 1112. Phenol 

phthalate 121. Naphthalene ate 155. Arsenic 
121. Naphthalene 1111. Phenanthrene 80. Chrysene 159. Chromium( total) 
1111. Phenanthrene 1112. Phenol 96. Di-n-butyl 163. Nickel 
1112. Phenol 1115. Pyrene phthalate 1611. Selenium 
1115. Pyrene 155. Arsenic 121. Naphthalene 169. Cyanide 
155. Arsenic 159. Chromium( total) 1111. Phenanthrene 
159. Chromium( total) 163. Nickel 1112. Phenol 
163. Nickel 1611. Selenium 1115. Pyrene 
1611. Selenium 169. Cyanide 155. Arsenic 
169. Cyanide 159. Chromium( total) 

163. Nickel 
1611. Selenium 
169. Cyanide 

*All constituents on this list were detected in the untreated KOll8-K052 wastes and were either _selected 
for regulation (as shown in Table 6-3) or are believed to be controlled by regulation of another 
constituent. 

••Includes BDAT List constituents 1,2-xylene (1215), 1,3-xylene (1216), and 1,~-xylene (1217). 



Table 6-2 (Continued) 

BDAT LIST CONSTITUENTS CONSIDERED FOR REGULATIOO• 

WASTEWATER 

KOll8 KOll2 1<050 K051 K052 

II. Benzene II. Benzene 62. Benzo(a)pyrene II. Benzene 4. Benzene 
226. Ethylbenzene 8. carbon disul- 1112. Phenol 226. Ethylbenzene 226. Ethylbenzene 
•• Xylene fide 155. Arsenic 43 . Toluene 113. Toluene 
113. Toluene 226. Ethylbenzene 157. Beryllium • •• Xylene •• Xylene 
62. Benzo(a)pyrene 113. Toluene 158. Cadmium 52. Acenaphthene 62. Benzo( a)pyrene 
70. Bis(2-ethyl- •• Xylene 159. Chromium( total) 57. Anthracene 81. ortho-Cresol 

hexy l) phthal- 57. Anthracene 221. Chromium 59. Benz(a)anthra- 82. para-Cresol 
ate 62. Benzo(a)pyrene (hexavalant) cene 96. 2,lt-Dimethy}-

80. Chrysene 70. Bis(2-ethyl- 161. Lead 62. Benzo(a)pyrene phenol 
98. Di-n-butyl hexyl)- 162. Mercury 70. Bis(2-ethyl- 121. Naphthalene 

O' phthalate phthalate 163. Nickel hexyl)- 1111. Phenanthrene 
. I 109. Fluorene 80. Chrysene 164. Selenium phthalate 1112. Phenol N 

0 121. Naphthalene 96. 2,11-Dimethyl- 165. Silver Bo. Chrysene 1511. Antimony 
1111. Phenanthrene phenol 98. Di-n-butyl 155. Arsenic 
1112. Phenol 121. Naphthalene phthalate 157. Beryl! ium 
1115. Pyrene 141. Phenanthrene 109. Fluorene 158. Cadmium 
1511. Antimony 142. Phenol 121. Naphthalene 159. Chromium( total) 
155. Arsenic 1115. Pyrene 141. Phenanthrene 161. Lead 
157. Beryllium 1511. Antimony 1112. Phenol 162. Mercury 
158. Cadmium 155. Arsenic 145. Pyrene 163. Nickel 
159. Chromium( total) 157. Beryllium 154. Antimony 1611. Selenium 
161. Lead 158. Cadmium 157. Beryllium 155. Arsenic 
162. Mercury 159. Chromium( total) 158. Cadmium 165. Si 1 ver· 
163. Nickel 221. Chromium(hexa- 159. Chromium( total) 170. Fluoride 

valent) 

•All constituents on this list were detected in the untreated KOll8-K052 wastes and were either selected 
for regulation (as shown in Table 6-3) or are believed to be controlled by regulation of another 
constituent. 

.. Includes BOAT List constituents 1,2-xylene (1215), 1,3-xylene (1216), and 1,11-xylene (1217). 
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Table 6-2 (Continued) 

BOAT LIST CONSTITUENTS CONSIDERED FOR REGULATION• 

WASTEWATER (Continued) 

K048 K049 K050 K051 K052 

164. Selenium 161. Lead 221. Chromium 
165. Silver 162. Mercury (hexavalent) 
170. Fluoride 163. Nickel 161. Lead 

1611. Selenium 162. Mercury 
165. Silver 163. Nickel 
170. Fluoride 164. Selenium 

165. Silver 

•All constituents on this list were detected in the untreated K048-K052 wastes and were either selected 
for regulation (as shown in Table 6-3) or are believed to be controlled by regulation of another 
constituent. 



Table 6-3 

BOAT LIST CONSTITUENTS SELECTED FOR REGULATION 

NONWASTEWATER 

K048 KOll9 K050 K051 K052 

4. Benzene II. Benzene 62. Benzo(a)pyrene II. Benzene 4. Benzene 
226. Ethylbenzene 226. Ethylbenzene 142. Phenol 226. Ethylbenzene 226. Ethylbenzene 
43. Toluene 113. Toluene 155. Arsenic 43. Toluene 43. Toluene 
• Xylene • Xylene 159. Chromium( total) • Xylene • Xylene 

62. Benzo(a)pyrene 57. Anthracene 163. Nickel 57. Anthracene 62. Benzo( a) py rene 
70. Bis(2-ethyl- 62. Benzo( a) py rene 164. Selenium 59. Benz(a)anthra- 81. ortho-Cresol 

hexyl)phthal- 70. Bis(2-ethyl- 169. Cyanide cene 82. para-Cresol 
ate hexyl)- 62. Benzo(a)pyrene 121. Naphthalene 

a- 80. Chrysene phthalate 70. Bis(2-ethyl- 1111 . Phenanthrene 
I 

N 98. Di-n-butyl 80. Chrysene hexyl)- 1112. Phenol 
N 

phthalate 121. Naphthalene phthalate 155. Arsenic 
121. Naphthalene 141. Phenanthrene Bo. Chrysene 159. Chromium( total) 
1111. Phenanthrene 1112. Phenol 98. Di-n-butyl 163. Nickel 
142. Phenol 145. Pyrene phthalate 164. Selenium 
145. Pyrene 155. Arsenic 121. Naphthalene 169. Cyanide 
155. Arsenic 159. Chromium( total) 141. Phenanthrene 
159. Chromium(total) 163. Nickel 142. Phenol 
163. Nickel 1611. Selenium 145. Pyrene 
164. Selenium 169. Cyanide 155. Arsenic 
169. Cyanide 159. Chromium( total) 

163. Nickel 
164. Selenium 
169. Cyanide 

•Includes BOAT List constituents 1,2-xylene (1215)' 1,3-xylene (1216)' and 1,4-xylene (1217). 



Table 6-3 (Continued) 

BDAT LIST CONSTITUENTS SELECTED FOR REGULATION 

WASTEWATER 

K0'48 K0'42 K050 K051 K052 

.. . Benzene q_ Benzene 62. Benzo(a)pyrene ... Benzene .. . Benzene 
226. Ethylbenzene 8. carbon disul- 1'42. Phenol 226. Ethylbenzene 226. Ethylbenzene 
'43. Toluene fide 159. Chromium( total) .. 3. Toluene .. 3. Toluene 
• Xylene 226. Ethylbenzene 161. Lead • Xylene • Xylene 

62. Benzo(a)pyrene '43. Toluene 52. Acenaphthene 62. Benzo(a)pyrene· 
70. Bis(2-ethyl- • Xylene 57. Anthracene 81. ortho-Cresol. 

hexyl)- 57. Anthracene 59. Benz(a)anthra- 82. para-Cresol 
phthalate 62. Benzo( a) py rene cene 96. 2, It-Dime thy 1-

O' 80. Chrysene 70. Bis(2-ethyl- 62. Benzo( a) py rene phenol 
I 

N 98. Di-n-butyl hexyl)- 70. Bis(2-ethyl- 121. Naphthalene w 
phthalate phthalate hexyl)- lit 1. Phenanthrene 

109. Fluorene 80. Chrysene phthalate 1'42. Phenol 
121. Naphthalene 96. 2,'4-Dimethyl- Bo. Chrysene 159. Chromium( total) 
1'41. Phenanthrene phenol 98. Di-n-butyl 161. Lead 
llt2. Phenol 121. Naphthalene phthalate 
llt5. Pyrene 1'41. Phenanthrene 109. Fluorene 
159. Chromium( total) llt2. Phenol 121. Naphthalene 
161. Lead 1'45. Pyrene lit 1. Phenanthrene 

159. Chromium( total) llt2. Phenol 
161. Lead . 1if5. Pyrene 

159. Chromium( total) 
161. Lead 

•Includes BDAT List constituents 1,2-xylene (1215), 1, 3-xy lene (1216), and 1,lt-xylene (1217). 



7.0 CALCULATION OF TREATMENT STANDARDS 

In Section 5.0 of this document, the best demonstrated and available 

technologies for treatment of the petroleum refinery waste treatability group 

(K048-K052) were chosen based on available performance data. In Section 6.0, 

the regulated constituents were selected to ensure effective treatment of the 

wastes. The purpose of Section 7.0 is to calculate treatment standards for 

the regulated constituents using the available treatment data from the BOAT 

treatment technologies. Included in this section is a step-by-step discussion 

of the calculation of treatment standards for the nonwastewater and wastewater 

forms of K048-K052 wastes. 

BOAT treatment standards for K048-K052 nonwastewaters and waste

waters are based on the demonstrated technologies of solvent extraction, 

fluidized bed incineration, stabilization, and chromium reduction followed by 

lime and sulfide precipitation and vacuum filtration. Several BOAT List 

organics, inorganics (cyanide), and metals are regulated in nonwastewater and 

several BOAT List organics and metals are regulated in wastewater forms of 

K048-K052. 

The treatment standards were calculated using the following three 

steps: (1} The arithmetic average or the corrected treatment value~ for each 

regulated constituent was calculated. (2) Using the same corrected treatment 

values, a variability factor was calculated that represents the variability 

inherent in performance of treatment systems, collection of treated samples, 
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and analysis of samples. Where concentrations in the treated waste were 

reported as less than or equal to the detection limit for all the data points 

in the data set. variability is still expected since the actual concentration 

could range from zero to the detection limit. In these cases, the Agency 

assum 1 a lognormal distribution of data points between the detection limit 

and a value 1/10 of the detection limit and calculated a variability factor Jf 

2.8. (3) The treatment standard for each regulated constituent was calculated 

by multiplying the arithmetic average of the corrected treatment values for 

the constituent by the variability factor. 

7. 1 Calculation of Treatment Standards for Nonwastewater Forms of 
K048-K052 

BOAT List Organics 

BOAT treatment standards for K048-K052 nonwastewater organic con-

stituents are based on performance data from three-cycle solvent extraction at 

plant M with the exception of the treatment standard for di-n-butyl phthalate, 

which is based on performance data from fluidized bed incineration at plant A. 

As discussed in Section 5.0, di-n-butyl phthalate is being regulated based on 

fluidized bed incineration, as proposed, to ensure that the standard can be 

achieved through incineration of these wastes, as well as solvent extraction. 

Testing for three-cycle solvent extraction was performed on representative 

samples of a nonwastewater K048-KOS2 mixture. Testing for fluidized bed 

incineration was performed on K048 and K051. 
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Solvent extraction results in the generation of a treated waste 

residual. As generated, the residual is usually a nonwastewater form of 

K048-K052 according to the BOAT definition for nonwastewaters. However, the 

residual may be separated by filtration into a wastewater and a nonwastewater 

form of K048-K052. Incineration generally results in the generation of ash (a 

nonwastewater form of K048-K052) and combustion gas scrubber water (a waste

water form of K048-K052). The best measure of performance for waste reduction 

or destruction technologies, such as solvent extraction and incineration, is 

the total amount of constituent remaining after treatment. Therefore, BOAT 

treatment standards for nonwastewater organic constituents were calculated 

based on total constituent concentration data. 

Six sets of untreated waste data and eight sets of treated waste 

data for three-cycle solvent extraction at plant M were used to calculate the 

nonwastewater organic constituent _treatment standards (except di-n-butyl 

phthalate) for K048-K052. The treatment standard was then transferred to 

K049, K050, and K052. Table 4-18 or Section 4.0 presents the total concentra

tion values for organic constituents in the treated and untreated wastes for 

three-cycle solvent extraction. Values are presented for all regulated 

organic constituents in K048-K052 for which performance data are available. 

For di-n-butyl phthalate, the K048-K052 nonwastewater treatment standard was 

calculated from 6 sets of data from incineration of K048 and K051 at plant A. 

Tables 4-2 through 4-7 of Section 4.0 present the total concentration values 

for di-n-butyl phthalate in the.untreated and treated wastes for fluidized bed 

incineration. Tables 7-1, 7-3 through 7-5, 7-7, and 7-9 through 7-11 at the 

end of this section present the data used for calculation of organic treatment 
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standards in K048, K049, KOSO, K051, and K052 nonwastewaters, respectively. 

These tables include calculated treatment standards for naphthalene and 

xylene which were selected for regulation in Section 6.2. However, the Agency 

is not promulgating these standards for naphthalene and xylene but rather is 

reserving these standards. EPA intends to gather additional data on the 

treatment of these constituents after promulgation. 

Four organic constituents that were selected for regulation in the 

K048-K052 nonwastewaters were found at nondetectable levels in both the 

untreated and treated wastes tested at plant H. These constituents, anthra

cene, ortho-cresol, para-cresol, and phenol, were detected in other K048-K052 

wastes, as shown in Tables 2-4 through 2-8. The Agency believes that these 

constituents may also have been present in the waste tested at plant H but at 

a level below detection. The treatment standards for these constituents were 

calculated based on the detection limits for these constituents in the treated 

waste. 

BOAT List Metals and Inorganics 

BDAT treatment standards for K048-K052 nonwastewater inorganics 

(cyanide) are based on performance data from fluidized bed incineration of 

K048 and K051. The cyanide treatment standard was then transferred to K049, 

KOSO, and KOS2. Additionally, BOAT treatment standards for K048-KOS2 non

wastewater metals are based on performance data from stabilization of inciner

ator ash. The incinerator ash is from the incineration of K048 and KOS1. The 

metals treatment standards were then transferred to K049, KOSO, and K052. 
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Incineration generally results in the generation of two treatment 

residuals: ash (a nonwastewater form of K048-K052} and combustion gas 

scrubber water (a wastewater form of K048-K052}. The best measure of perfor

mance for a destruction technology, such as incineration, is the total amount 

of constituent remaining after treatment. Therefore, BOAT treatment standards 

for nonwastewater inorganic constituents (cyanide) were calculated based on 

total constituent concentration data. Stabilization reduces the leachability 

of metals in the waste. The best measure of performance for stabilization 

technologies is the analysis of the toxicity characteristic leaching procedure 

(TCLP) extract. Therefore, proposed BOAT treatment standards for metals in 

nonwastewater forms of K048-K052 were calculated based on TCLP .data. 

Six data sets for fluidized bed incineration and three data sets for 

lime and fly ash stabilization were used to calculate the nonwastewater 

(inorganic and metal) treatment standards for K048 and K051. Table 7-1 

presents the six values of total concentration data (inorganics) for fluidized 

bed incineration ash and Table 7-2 presents the three values of TCLP treated 

waste data (metals) for lime and fly ash stabilized ash. Values are presented 

for all regulated constituents in K048-K052· that are based on treatment data 

from the incineration of K048 and K051 at plant A and from the stabilization 

treatment test at plant I. The concentration data presented in Tables 7-1 and 

7-2 have been corrected to account for analytical recovery as described in 

Section 5.0. Tables 7-4 and 7-12 at the end of this section present the 

adjusted.data used for calculation of the treatment standards for inorganics 

and metals in K048 and K051. 
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Treatment performance daca are not avail~ble for fluidized bed 

incineration and lime and fly ash stabilization of K049, K050, and K052 

wastes. Therefore, the Agency is transferring data from treatment of K048 and 

K051 at plant A and plant I to K049, KOSO, and KOS2 for the inorganic and 

metal constituents. The calculation of treatment standards for K049, KOSO, 

and K052 are presented in Tables 7-6, 7-8, and 7-10, respectively. The 

transfer of such treatment data is supported by the determination that 

K048-K052 represents a single waste treatability group as discussed in Section 

2.0. The determination of the waste treatability group is based on the 

similarity of the composition of the untreated wastes and the fact that all of 

these wastes are generated by petroleum refineries. Available treatment data 

from K048 and K051 were transferred to the same constituent in K049, KOSO, and 

K052 to calculate the treatment standards for each of these waste codes. 

Treatment performance data were transferred in this way for all regulated 

inorganic and metal constituents in K0499 KOSO, and K052 wastes. 

1.2 Calculation of Treatment Standards for Wastewater Forms of K048-K052 

BOAT List Organics 

BDAT treatment standards for organic constituents in K048-K052 

wastewater are based on performance data from fluidized bed incineration. Six 

sets of characterization and performance data for organics in K048 wastewater 

(scrubber water) were collected by the Agency from the fluidized bed incinera-
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tion process at plant A. Performance data from this testing were then trans

ferred to K049, KOSO, K051, and K052 for development of treatment standards. 

Treatment standards for constituents that were selected for regulation in 

K049-K052 but that were not present in the tested K048 wast~ were based on 

performance data from another constituent that was present in the tested 

waste. Data were transferred based on the characteristics of the waste that 

affect the performance of treatment by incineration relative to the scrubber 

water residual, specifically the estimated bond dissociation energies of the 

constituents. In general, the Agency believes that a constituent having a 

higher bond dissociation energy (BOE) is more difficult to treat than another 

constituent with a lower BOE. (The waste characteristics affecting the 

performance of incineration are discussed in more detail in Section 3.4.) 

Data were transferred from a constituent that had an equal or higher bond 

dissociation energy. 

Cases where such a transfer of data occurred are summarized below 

and are noted on Tables 7-13 through 7-17 at the end of this section. Tables 

7-13 through 7-17 also show the calculations of the treatment standards for 

each waste. The bond dissociation energies are presented for each constituent 

in Appendix I. 

57. Anthracene (K049, K051). The treatment standard for anthracene 

(BOE 2900 kcal/mole) for K049 and K051 is based on data transferred from 

treatment of phenanthrene (BOE 2900 kcal/mole). Based on the discussion of 

waste characteristics affecting treatment performance of fluidized bed 
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incineration in Section 3.4, the Agency expects that anthracene can be treated 

to concentration levels as low or lower than phenanthrene. 

8. Carbon disulfide (K049}. The treatment standard for carbon 

disulfide (BOE 270 kcal/mole} for K049 is based on data transferred from 

treatment of benzene (BOE 1340 kcal/mole}. Based on the discussion of waste 

characteristics affecting treatment performance of fluidized incineration in 

Section 3.4, the Agency expects that carbon disulfide can be treated to 

concentration levels as low or lower than benzene. 

96. 2.4-0imethylphenol (K049, K052). The treatment standard for 

2,4-dimethylphenol (BOE 2005 kcal/mole) for K049 and K052 is based on data 

transferred from treatment of naphthalene (BOE 2120 kcal/mole). Based on the 

discussion of waste characteristics affecting treatment performance of fluid

ized bed incineration in Section 3.4, the Agency expects that 2,4-dimethyl

phenol can be treated to concentration levels as low or lower than 

naphthalene. 

52. Acenaphthene (K051). The treatment standard for acenaphthene 

(BOE 2570 kcal/mole) for K051 is base~ on data transferred from treatment of 

fluorene (BOE 2740 kcal/mole). Based on the discussion of waste characteris

tics affecting performance of fluidized bed incineration in Section 3.4, the 

Agency expects that acenaphthene can be treated to concentration levels as low 

or lower than fluorene. 
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59. Benz(a)anthracene (K051), The treatment 'standard .for benz(a)-

anthracene (BOE 3680 kcal/mole) for K051 is based on data transferred from 

treatment of chrysene (BOE 3690 kcal/mole). Based on the discussion of waste charact~: 
in Section 3.4, the Agency expects that benz(a)anthracene can be treated to 

concentration levels as low or lower than chrysene. 

81. ortho-Cresol (K052). The treatment standard for ortho-cresol 

(BOE 1720 kcal/mole) for K052 is based on data transferred from treatment of 

ethylbenzene (BOE 1830 kcai/mole). Based on the discussion of waste charac

teristics affecting treatment performance of fluidized bed incineration in 

Section 3.4, the Agency expects that ortho-cresol can be treated to concentra

tion levels as low or lower than ethylbenzene. 

82. para-Cresol (K052). The treatment standard for para-cresol 

(BOE 1720 kcal/mole) for K052 is based on data transferred from treatment of 

ethylbenzene (BOE 1830 kcal/mole). Based on the discussion of waste charac

teristics affecting treatment performance of fluidized bed incineration in 

Section 3.4, the Agency expects that para-cresol can be treated to concentra

tion levels as low or lower than ethylbenzene. 

BOAT List Metals 

The Agency does not have performance data for treatment of metals in 

K048-K052 wastewaters. However, the Agency has treatment performance data 

from treatment of K062 and metal-bearing characteristic wastes using chromium 

7-9 



reduction followed by lime and sulfide precipitation and vacuum filt·ration. 

The Agency believes that K062 and metal-bearing characteristic wastes are 

sufficiently similar to K048-K052 wastewaters since both contain similar types 

of metals. Therefore, treatment performance data for K062 and metal-bearing 

characteristic wastes were transferred to each metal regulated in K048-K052 

wastewaters. 

Chromium reduction followed by lime and sulfide precipitation and 

vacuum filtration is a removal technology for met~ls in the wastewater resid

ual. The best measure of performance for a removal technology is the total 

amount of constituent remaining after treatment. Therefore, BOAT treatment 

standards for metals in wastewater forms of K048-K052 were calculated based on 

total constituent concentration data. The calculations of treatment standards 

for metals in K048-K052 wastewaters are presented in Table 7-13 through 7-17. 
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Table 7-1 

CORRECTED TOTAL CONCENTRATION DATA FOR CYANIDE AND 
DT-N-BUTYL PHTHALATE IN FLUIDIZED BED INCINERATOR ASH 

Corrected Concentrations 
in the Treated Waste, ppm 

Data Set: 2 3 4 5 
Constituent 

98. 01-n-butyl phthalate 1.49 1.49 1.49 1.49 1.49 

169. Cyanide 0.1 0.38 0. 1 0.48 0. 1 

7-11 

6 

1.49 

0.48 



155. 
159. 
163. 
164. 

Table 7-2 

CORRECTED TCLP DATA FOR REGULATED METALS IN 
STABILIZED (LIME AND FLY ASH) INCINERATOR ASH 

Constituent 

Metals 

Arsenic 
Chromium 
Nickel 
Selenium 

Corrected TCLP Extracts 
in the Treated Waste, ppm 

Data Set 1 2 3 

0.004 0.004 0.004 
(total) 1.47 1.58 1.41 

0.026 0.026 0.026 
0.015 0.019 0.020 
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Regulated Constituent 

Organics 
(Total Composition) 

Benzene 
Benzo(a)pyrene 
Bis(2-ethylhexyl) 

phthalate 
Chrysene 
Ethyl benzene 
Naphthalene 
Phenanthrene 
Phenol 
Pyrene 
Toluene 
Xylene (total) 

Table 7-3 

CALCULATION OF NONWASTEWATER TREATMENT STANDARDS 
FOR ORGANIC CONSTITUENTS IN K0118 

Untreated K048-K052 
at Plant H (ppm) 

86-190 
<19-<21 
<19-<21 

<20-33 
76-120 
56-140 
64-140 

< 10 
<20-36 

230-470 
420-570 

Arithmetic 
Average of 
Treatment 

Values (ppm) 

3. 17 
0.66 
4.96 

1.21 
13.53 

156.00 
2.90 
1. 10 
1.08 
3. 17 

243.63 

Variability 
Factor (VF) 

2.99 
1.26 
7.36 

1. 79 
4.93 
6.62 
2.67 
2 .46 
1.82 
2.99 
7 .48 

Treatment+ 
Standard 

(Average x VF) 
(ppm) 

9.5 
0.84 

37 

2.2 
67 

1 ,ooo• 
7.7 
2.7 
2.0 
9.5 

1 ,Boo• 

+The values shown on this table for treatment standards have been rounded to show significant figures 
only. 

•The table shows the calculated treatment standards for naphthalene and xylenes; however, the Agency is· 
not promulgating standards at these levels and is instead reserving standards for these constituents. 
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Table 7-lt 

CALCULATION OF NONWASTEWATER TREATMENT STANDARDS 
FOR CYANIDE, DI-N-BUTYL PHTHALATE, AND METAL CONSTITUENTS IN K048 

Arithmetic Treatment+ 
Unstab 11 ized Average of Standard 

Incinerator Ash• Corrected Treatment Variability (Average x VF) 
Regulated Constituent from Plant A (ppm) Values (ppm) Factor (VF) (ppm) 

Metals 
(TCLP) 

Arsenic 0.006-0.018 0.00'4 1. 10 0. 00'40 
Chromium (total) 2.611-3.26 1.lt8 1. 14 1. 7 
Nlckel 0.027-0.0'41 0.026 1. 79 0.048 
Selenium 0.025-0. 15 0.018 1.38 0.025 

Total Com(!2sition 

Cyanide @ 0.27 6.37 1.8 <0.1-1.0@ 
Di-n-butyl phthalate 67-190 1.119 2.80 ". 2 

··. 

+The values shown on this table for treatment standards have been rounded to show significant figures 
only. 

@Range in untreated KOllB from Plant A. 
•TCLP extract concentrations for the unstabilized ash have been corrected for recovery. 



....... 
I .... 

VI 

Regulated Constituent 

Organics 
(Total Composition) 

Anthracene 
Benzene 
Benzo(a)pyrene 
Bis(2-ethylhexyl)phthalate 
Chrysene 
Ethyl benzene 
Naphthalene 
Phenanthrene 
Phenol 
Pyrene 
Toluene 
Xylene (total) 

Table 7-5 

CALCULATION OF NONWASTEWATER TREATMENT STANDARDS 
FOR ORGANIC CONSTITUENTS IN KO!j9 

Untreated KO!j8-K052 
at Plant H (ppm) 

<19-<21 
86-190 

<19-<21 
<19-<21 
<?0-33 
76-120 
56-llfO 
6lj-1110 

< 10 
<20-36 

230-lj70 
!f 20-570 

Arithmetic 
Average of 
Treatment 

Values (ppmf 

2.38 
3. 17 
0.66 
lj.96 
1.21 

13.53 
156.00 

2.90 
1. 10 
t.08 
3. 17 

2lj3.63 

Variability 
Factor (VF) 

2.01 
2.99 
1.27 
7.36 
1. 79 
11.93 
6.62 
2.67 
2 .116 
1.82 
2.99 
7. !f 8 

Treatment• 
Standard 

(Average x VF) 
(ppm) 

6.2 
9.5 

0.81' 
37 

2.2 
67 

1,000• 
1.1 
2.1 
2.0 
9.5 

1 ,eoo• 

+The values shown on this table for treatment standards have been rounded to show significant figures 
only. 

•The table shows the calculated treatment standards for naphthalene and xylenes; however, the Agency is· 
not promulgating standards at these levels and is instead reserving standards for these constituents. 
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Regulated Constituent 

Metals 
(TCLP) 

Arsenic 
Chromium (total) 
Nickel 
Selenium 

Inorganics 
(Total Composition) 

Cyanide 

Table 7-6 

CALCULATION OF NONWASTEWATER TREATMENT STANDARDS 
FOR CYANIDE AND METAL CONSTITUENTS IN K049 

Constituent 
From Which Average of 
Treatment Untreated Corrected 
Data Were Concentration Treatment 

Transferred• (ppm)H Values (ppm) 

Arsenic 0.006-0.018 0.0011 
Chromium (total) 2.611-3.26 1.118 

Nickel 0.027-0.0111 0.026 
Selenium 0.025-0. 15 0.018 

Cyanide <0.1-1.11 0 .. 2111 

•Data were transferred from KOll8 and K051. 

Treatment+ 
Standard 

Variability (Average x VF) 
Factor (VF) (ppm) 

1. 10 0.0040 
1. 14 1. 7 
1. 79 0.048 
1.38 0.025 

6.37 1.8 

•9This is the untreated concentration in KOll8 and K051 of each constituent from which treatment data 
were transferred. 

+The values shown on this table for treatment standards have been rounded to show significant figures 
only. 
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Regulated Constituent 

Organics 
(Total Composition) 

Benzo(a)pyrene 

Phenol 

Table 7-7 

CALCULATION OF NONWASTEWATER TREATMENT STANDARDS 
FOR ORGANIC CONSTITUENTS IN K050 

Untreated 
KO!t8-K052 

at Plant H (ppm) 

<19-<21 

<10 

Arithmetic 
Average of 
Treatment 

Values (ppm) 

0.66 

1. 10 

Variability 
Factor (VF) 

Treatment+ 
Standard 

(Average x VF) 
(ppm) 

0.81j 

2.7 

+The values shown on this table for treatment standards have been rounded to show significant figures 
only. 



Table 7-8 

CALCULATION OF NONWASTEWATER TREATMENT STANDARDS FOR CYANIDE 
AND METAL CONSTITUENTS IN K050 

Regulated Constituent 

Metals 
TCLP 

Arsenic 
Chromium (total) 
Nickel 
Selenium 

lnorganics 
(Total Composition) 

Cyanide 

Constituent 
from which 
Treatment 
Data Were 

Transferred• 

Arsenic 
Chromium (total) 

Nickel 
Selenium 

Cyanide 

•Data were transferred from K048 and K051. 

Untreated 
Concentration 

(ppm)H 

0.006-0.018 
2.64-3.26 

0.027-0.0ftl 
0.025-0. 15 

<0.1-1.lf 

Arithmetic 
Average of 
Corrected 
Treatment 

Values (ppm) 

0.004 
1.48 

0.026 
0.018 

0.27 

•lt'fhls ls the untreated concentration in K048 and K051 of each constituent 
from which treatment data were transferred. 

+The values shown on this table for treatment standards have been rounded to 
show significant figures only. 

Treatment• 
Standard 

Variability (Average x VF) 
Factor (VF) __ ...... (_p __ pm~)......__ 

1. 10 
1. 14 
1. 79 
1.38 

6.37 

0.00110 
1. 7 

0.0118 
0.025 

1.8 



Table 7-9 

CALCULATION OF NONWASTEWATER TREATMENT STANDARDS FOR ORGANIC CONSTITUENTS IN K051 

Regulated Constituent 

Organics 
Total Composition 

Benz(a)anthracene 
Benzene 
Benzo(a)pyrene 
Bis(2-ethylhexyl)phthalate 
Chrysene 
Ethyl benzene 
Naphthalene 
Phenanthrene 
Phenol 
Pyrene 
Toluene 
Xylene (total) 

Untreated 
K01'8-K052 

at Plant M 
(ppm) 

<20-21 
86-190 

<19-<21 
<19-<21 
<20-33 
76-120 
56-140 
6!&-140 

< 10 
<20-36 

230-!&70 
420-570 

Arithmetic 
Average of 
Treatment 

Values (ppm) 

0.87 
3. 17 
0.66 
!L96 
1.21 

13.53 
156.00 

2.90 
1.10 
1.08 
3. 17 

243.63 

Variability 
Factor (VF) 

1.63 
2.99 
1.27 
7.36 
1. 79 
!f .93 
6.62 
2.67 
2.46 
1.82 
2.99 
7.!18 

Treatment+ 
Standard 

(Average x VF) 
(ppm) 

1. .. 
9.5 

0.84 
37 

2.2 
67 

1 ,ooo• 
1.1 
2.1 
2.0 
9.5 

1 ,800• 

+The values shown on this table for treatment standards have been rounded to show significant figures 
only. 

•The table shows the calculated treatment standards for naphthalene and xylenes; however, the Agency is. 
not promulgating standards at these levels and is instead reserving standards for these constituents. 
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Table 7-10 

CALCULATION OF NONWASTEWATER TREATMENT STANDARDS 
FOR CYANIDE, DI-N-BUTYL PHTHALATE, AND METAL CONSTITUENTS IN K051 

Regulated Constituent 

Metals 
TCLP 

Arsenic 
Chromium (total) 
Nickel 
Selenium 

Total Composition 

Cyanide 
Di-n-butyl phthalate 

Unstabil ized 
Incinerator Ash• 

from Plant A 
(ppm) 

0.006-0.018 
2.64-3.26 

0.027-0.0111 
0.025-0. 15 

Arithmetic 
Average of 

Corrected Treatment 
Values (ppm) 

0.0011 
1.118 

0.026 
0.018 

0.027 
1.49 

Variability 
Factor (VF) 

1. 10 
1. 111 
1. 79 
1.38 

6.37 
2.80 

Treatment+ 
Standard 

(Average x VF) 
(ppm) 

0.0040 
1. 7 

0.048 
0.025 

1.8 
4.2 

+The values shown on this table for treatment standards have been rounded to show significant figures 
only. 

@Range in untreated K051 from Plant A. 
•TCLP extract concentrations for the unstabilized ash have been corrected for recovery. 
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Regulated Constituent 

Organics 
(Total Composition) 

Benzene 
Benzo(a)pyrene 
o-Cresol 
p-Cresol 
Ethyl benzene 
Naphthalene 
Phenanthrene 
Phenol 
Toluene 
Xylene (total) 

Table 7-11 

CALCULATION OF NONWASTEWATER TREATMENT STANDARDS 
FOR ORGANIC COt!STITUENTS IN K052 

Untreated 
KOJl8-K052 
at Plant 
H (ppm) 

86-190 
<19-<21 

<10 
<10 

76-120 
56-140 
64-1110 

<10 
230-470 
420-570 

Arithmetic 
Average of 
Treatment 

Values (ppm) 

3. 17 
0.66 
0.80 
0.81 

13.53 
156.00 

2.90 
1. 10 
3. 17 

243.63 

Variability 
Factor (VF) 

2.99 
1.27 
2.80 
1. 10 
4.93 
6.62 
2.67 
2 .46 
2.99 
7.48 

Treatment• 
Standard 

(Average x VF) 
(ppm) 

9.5 
0.84 
2.2 

0.90 
67 

1 ,ooo• 
1.1 
2 .. 1 
9.5 

1 ,Boo• 

+The values shown on this table for treatment standards have been rounded to show significant figures 
only. 

•The table shows the calculated treatment standards for naphthalene and xylenes; however, the Agency is. 
not promulgating standards at these levels and is instead reserving standards for these constituents. 
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Table 7-12 

CALCULATION OF NONWASTEWATER TREATMENT STANDARDS FOR CYANIDE 
AND METAL CONSTITUENTS IN K052 

Constituent Arithmetic 
from which Average of 
Treatment Untreated Corrected 

·Data Were Concentration Treatment 
Regulated Constituent Transferred• (ppm)H Values (ppm) 

Metals 
TCLP 

Arsenic Arsenic 0.006-0.018 0.0011 
Chromium (total) Chromium (total) 2.611-3.26 1.118 
Nickel Nickel o. 027-0.0'41 0.026 
Selenium Selenium 0 .025-0. 15 0.018 

Inorganlcs 
~Total Composltlon2 

Cyanide Cyanide 0. 5-1. 4 0.27 

•Data were transferred from K048 and K051. 
••This ls the untreated concentration in KOll8 and K051 of each constituent 

from which treatment data were transferred. 
+The values shown on this table for treatment standards have been rounded to 
show significant figures only. 

Varlabll ity 
Factor (VF) 

1. 10 
1. 14 
1. 79 
1.38 

6.37 

Treatment+ 
Standard 

(Average x VF) 
(ppm) 

0.00110 
1. 7 

0.048 
0.025 

1.8 
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Table 7-13 

CALCULATION OF WASTEWATER TREATMENT STANDARDS FOR K048 

Constituent 
from which 
Treatment 
Data were 

Regulated Constituent Transferred+ 

Organics 
(Total Composition) 

Benzene NA 
Benzo(a)pyrene NA 
Bls(2-ethylhexyl)phthalate NA 
Chrysene 
Di-n-butyl phthalate 
Ethyl benzene 
Fluorene 
Naphthalene 
Phenanthrene 
Phenol 
Pyrene 
Toluene 
Xylene (total) 

Metals 
(Total Composition) 

Chromium (total) 
Lead 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Chromium (total) 
Lead 

Untreated K0!&8 
at Plant A (ppm) 

13-16 
0. OO!t-1. 75H 

<20-59 
<0.66-59 

67-190 
<1!1-120 

<0.66-58 
93-350 
77-190 

3.0-210 
31-93 

22-150 
<14-170 

393-2,581• 
0.02-210• 

Arithmetic 
Average of 
Corrected 
Treatment 

Values (ppm) 

0.004 
0.017 
0.015 
0.015 
0.021 
o.ooia 
0.018 
0.012 
0.014 
0.017 
0.016 
0.004 
0.004 

0. 19 
0.013 

Variability 
Factor (VF) 

2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 

1.09 
2.8 

Treatment 
Standard++ 

(Average x VF) 
(ppm) 

0.011 
0.047 
0.043 
0.043 
0.060 
0. 011 
0.050 
0.033 
0.039 
0.047 
0.045 
0. 011 
0.011 

0.20 
0.037 

•This ls the untreated concentration of each constituent in the waste from which treatment data were 
transferred. 

+Metals were transferred from the Envirite Report (Reference 27). 
++The values shown on this table for treatment standards have been rounded to show significant figures 

only. 
••untreated concentration in K048 as reported in Jacobs Engineering Company Report (Reference 3). 

NA = Not applicable. 



Table 7-14 

CALCULATION OF WASTEWATER TREATMENT STANDARDS FOR K049 

Regulated Constituent 

Organics 
(Total Composition) 

Anthracene 
Benzene 
Benzo(a)pyrene 
Bis(2-ethylhexyl)phthalate 
Carbon disulfide 
Chrysene 
2,4-Dimethylphenol 
Ethyl benzene 
Naphthalene 
Phenanthrene 
Phenol 
Pyrene 
Toluene 
Xylene (total) 

Metals 
(Total Composition) 

Chromium (total) 
Lead 

Constituent from 
which Treatment 

Data were Transferred+ 

Phenanthrene 
Benzene 
Benzo(a)pyrene 
Bis(2-ethylhexyl)phthalate 
Benzene 
Chrysene 
Naphthalene 
Ethyl benzene 
Naphthalene 
Phenanthrene 
Phenol 
Pyrene 
To lune 
Xylene (total) 

Chromium (total) 
Lead 

Untreated 
Concen

tration• 
(ppm) 

77-190 
13-16 

0.004-1. 75 
<20-59 

13-16 
<0.66-59 

93-350 
<14-120 
93-350 
77-190 

3 .0-210 
31-93 

22-150 
< 14-170 

393-2,581 
0.02-210 

Arithmetic 
Average of 
Corrected 
Treatment Variability 

Values (ppm) Factor (VF) 

0.014 
0.004 
0.017 
0.015 
0.004 
0.015 
0.012 
0.004 
0.012 
0.014 
0.017 
0.016 
0.004 
0.004 

0. 19 
0.013 

2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 

1.09 
2.8 

Treatment 
Standard++ 

(Average 
x VF)(ppm) 

0.039 
0.011 
0.0117 . 
0.043 
0.011 
0.043 
0.033 
0.011 
0.033 
0.039 
0.047 
0.045 
0.011 
0. 011 

0.20 
0.037 

•This is the untreated concentration of each constituent in the waste from which treatment data were 
transferred. 

+Metals were transferred from the Envirite Report (Reference 27). 
++The values shown on this table for treatment standards have been rounded to show significant figures 

only. 

NA = Not applicable. 
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Regulated Constituent 

Organics 
(Total Composition) 

Benzo(a)pyrene 
Phenol 

Metals 
(Total Composition) 

Chromium (total) 
Lead 

Table 7-15 

CALCULATION OF WASTEWATER TREATMENT STANDARDS FOR K050 

Constituent 
from which 
Treatment 
Data were 

Transferred+ 

Benzo(a)pyrene 
Phenol 

Chromium (total) 
Lead 

Untreated 
Concentration• 

(ppm) 

0.004-1. 75 
3.0-210 

393-2,581 
0.02-210 

Arithmetic 
Average of 
Corrected 
Treatment 

Values (ppm) 

0.017 
0.017 

0. 19 
0.013 

Variability 
Factor (VF) 

2.80 
2.80 

1.09 
2.8 

Treatment 
Standard++ 

(Average x VF) 
(ppm) 

0.047 
0. 0117 

0.20 
0.037 

•This is the untreated concentration of each constituent in the waste from which treatment data were 
transferred. 

+Metals were transferred from the Envirite Report (Reference 27). 
++The values shown on this table for treatment standards have been rounded to show significant figures 

only. 
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Table 7-16 

CALCULATION OF WASTEWATER TREATMENT STANDARDS FOR K051 

Arithmetic 
Unt·reated Average of Treatment 

Constituent from Concen- Corrected Standard++ 
which Treatment tratlon• Treatment Variability (Average 

Regulated Constituent Data were Transferred+ (ppm) Values (ppm) Factor (VF) x VF)(ppm) 

Organics 
(Total Composition) 

Acenaphthene Fluorene <0.66-58 0.018 2.80 0.050 
Anthracene Phenanthrene 77-190 O.Ol!f 2.80 0.039 
Benz(a)anthracene Chrysene <0.66-59 0.015 2.80 0. O!f 3 
Benzene Benzene 13-16 O.OO!f 2.80 0.011 
Benzo(a)pyrene Benzo(a)pyrene 0. OO!f-1. 75 0.017 2.80 0. O!f 7 
Bis(2-ethylhexyl)phthalate Bis(2-ethylhexyl)phthalate <20-59 0.015 2.80 0~043 

Chrysene Chrysene <0.66-59 0.015 2.80 0.043 
Di-n-butyl phthalate Di-n-butyl phthalate 67-190 0.021 2.80 0.060 
Ethyl benzene Ethyl benzene <l!f-120 0.0011 2.80 0.011 
Fluorene Fluorene <0.66-58 0.018 2.80 0.050 
Naphthalene Naphthalene 93-350 0.012 2.80 0.033 
Phenanthrene Phenanthrene 77-190 O.Ol!f 2.80 0.039 
Phenol Phenol 3.0-210 0.017 2.80 0. 0117 
Pyrene Pyrene 31-93 0.016 2.80 0.0115 
Toluene Toluene 22-150 o.ooit 2.80 0. 011 
Xylene (total) Xylene (total) < l!f-170 0.0011 2.80 0.011 

Metals 
(Total Composition) 

Chromium (total) Chromium (total) 393-2,581 0. 19 1.09 0.20 
Lead Lead 0.02-210 0.013 2.8 0.037 

•This is the untreated concentration of each constituent in the waste from which treatment data were 
transferred. 

+Metals were transferred from the Envirite Report (Reference 27). 
++The values shown on this table for treatment standards have been rounded to show significant figures 

only. 
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Regulated Constituent 

Organics 
(Total Composition) 

Benzene 
Benzo(a)pyrene 
ortho-Cresol 
para-Cresol 
2,4-Dimethylphenol 
Ethyl benzene 
Naphthalene 
Phenanthrene 
Phenol· 
Toluene 
Xylene (total) 

Metals 
(Total Composition) 

Chromium (total) 
Lead 

Table 7-17 

CALCULATION OF WASTEWATER TREATMENT STANDARDS FOR K052 

Constituent from 
which Treatment 

Data were Transferred+ 

Benzene 
Benzo(a)pyrene 
Ethyl benzene 
Ethyl benzene 
Naphthalene 
Ethyl benzene 
Naphthalene 
Phenanthrene 
Phenol 
Toluene 
Xylene (total) 

Chromium (total) 
Lead 

Untreated 
Concen

tration• 
(ppm) 

13-16 
0. 0011-1. 75 

<11'-20 
<14-20 
93-350 

<111-120 
93-350 
77-190 

3.0-210 
22-150 

<111-170 

393-2,581 
0.02-210 

Arithmetic 
Average of 
Corrected 
Treatment 

Values (ppm) 

0.004 
0.017 
0.001' 
0.004 
0.012 
0.004 
0.012 
0.011' 
0.017 
0.004 
0.004 

0. 19 
0.013 

Variability 
Factor (Vf) 

2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 

1.09 
2.8 

Treatment 
Standard++ 

(Average 
x VF)(ppm) 

0.011 
0.047 
0. 011 
0.011 
0.033 
0.011 
0.033 
0.039 
0.047 
0.011 
0.011 

0.20 
0.037 

•This is the untreated concentration of each constituent in the waste from which treatment data were 
transferred. 

+Metals were transferred from the Envirite Report (Reference 27). 
++The values shown on this table for treatment standards have been rounded to show significant figures 

only. 
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APPENDIX A 

A.I F Value Determination for ANOVA Test 

As noted earlier in Section 1.0, EPA is using the statistical method 

known as analysis of variance in the determination of the level of 

performance that represents "best" treatment where more than one 

technology is demonstrated. This method provides a measure of the 

differences between data sets. If the differences are not statistically 

significant, the data sets are said to be homogeneous. 

If the Agency found that the levels of performanc~ 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-1.) These crftical values are available 

in most statistics texts (see, for example, Statistical Concepts 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 combination~ 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. 

( i i ) 

(iii) 

The sum of the data points for each data set is computed (T.). 
1 

The statistical parameter known as the sum of the squares 

between data sets (SSB) is computed: 

SSB • I it [ ~ ] -[ [ i !· T J 
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: 

[ 
k n; l k [ T. 2 l SSW. .L L x2i,j - .r ~ 

1•1 J•l 1•1 n; 
where: 

x· · • the natural logtransformed observations (j) for treatment 
1 '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-1. For SSW, 

the degree of freedom is given by N-k. 
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(v;) us;ng the above parameters, the F value ;s calculated as 

follows: 

where: 

MSB • SSB/(k-1) and 
MSW• SSW/(N-k). 

MSB 
F • MSW 

A computat;onal table summar;z;ng the above parameters ;s shown below. 

Computat;onal Table for the F Value 

Degrees of Sum of 
Source freedom squares Mean square F 

Between K-1 SSS MSB • SSB/k-1 MSB/MSW 
WHhin N-k SSW MSW • SSW/N-k 

Below are three examples of the ANOYA calculation. The first two 

represent treatment by different technologies that achieve statistically 

s;milar treatment; the last example represents a case where one 

technology achieves significantly better treatment than the other 

technology. 
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Table A·l 

F Distribution at the 95 Percent Confidence Level 

Fo" 

09"0lftt"''°' 
dl9fffl ol Nu-ftOf dlqren ol lrWdom 
fr..aom 2 3 4 5 • 7 ' 9 

1 111 4 1995 215.7 2241 230 2 23•0 231.1 2ll9 2CO 5 
2 111 51 1900 19.1• 19.25 19.30 19.ll 19.3S 1917 19 311 
3 101l 955 9 211 912 9.01 I.IC 11.119 11.115 1181 .. 7 71 •9' 159 1.39 1.21 I.II 1.09 1.04 1.00 

5 1.11 5.79 5.•1 5.19 s.os •ts caa •.112 •. 77 
I S.99 S.1' • 71 '5l •39 • 21 • 21 '15 C10 
1 s 59 • 7• 'JS '12 3.97 l.117 179 3.73 3.81 
a 532 ••I •07 l.11• l.19 l.511 l.50 3.« l.l9 
9 S.12 • 21 l.81 3.13 3.'8 3.37 1.29 l.23 3.11 

10 .,. '10 3.71 l.CI l.33 l.22 3.1' 3.07 3.02 ,, ••• 391 359 l.31 3.20 l.09 3.01 2.H 2.90 
12 • 75 l.111 l.CI 3.21 111 l.00 2.91 2.llS 2.110 
1l '87 3.111 3.'1 111 3.03 2.92 2.13 2.77 2.71 

" 'ISO 3 7• 33• 3.11 2.H 2.115 2.71 2.70 us 

15 • 5• 3.11 329 3.0I 2.90 2.79 2.71 2.M 2.59 
1 II 449 U3 32• 301 2.llS 2.1• 2.11 2.59 2.54 
17 4.&5 351 J.20 291 2.11 2.70 2.11 2.55 2.•9 
11 '" us 311 2.93 2.77 UI UI 2.51 2.•• 
19 •JI 3.S2 113 2.90 2.7' 2.113 2.5' 2.CI 2.•2 

20 4 35 l.CI 310 2.117 2.71 uo 2.51 2.49 2.ll 
21 'lZ 3•7 307 2114 UI 2.57 2.•I 2.•2 2.37 
22 •JO 3.M 309 2.112 2.H 2.SS 2.CI 2.CO 2.l• 
23 •21 1•2 303 2.110 2.M Ul 2.M U7 2.l2 
2• •21 3.CO 301 2.711 2.12 2.S1 2.42 2.31 2.30 

29 42• 131 2.99 2.71 uo 2•1 2.CO 2.3• 2.21 
21 C.23 117 UI 2.7' 259 2.•7 2.31 2.32 2.27 
27 •21 3.3S Ut 2.73 2.57 2.CI 2.37 2.31 2.25 

.21 •:O 13• 2.H 2.71 251 2.cS 2.31 2.29 2.2• 
29 .,, 133 2.13 2.70 2.5S 2.'3 2.35 2.21 2.22 

30 '17 3.32 2.12 2.111 2.53 U2 2.33 2.27 2.21 

'° 401 123 2.M 2.11 2.&S 2.l• 2.29 2.11 2.12 
IO •OO l.19 2.71 Ul 2.37 2.29 2.17 2.10 2.04 

120 3.12 l.07 2.11 us 2.29 2.17 2.09 2.02 1H 
all 1 ... 100 2.IO 2.37 2.21 2.10 2.01 1.M 111 
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Influent 
(..g/1) 

1550.00 
1Z90.00 
1640.00 
5100.00 
1450.00 
4600.00 
1760.00 
Z400.00 
4800.00 

lZl00.00 

S11111: 

Steam str·•oping 
Effluent 

(,.9/ l) 

10.00 
10.00 
10.00 
lZ.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 

54111Qle Size: 
10 10 

Mean: 
3669 10.Z 

St•n~rd O.v1•t1on: 
3JZ8.67 .63 

Yar1ab1lity ~•ctor: 
1.15 

ln(effluent) 

Z.30 
Z.30 
Z.30 
Z.48 
Z.30 
Z.30 
Z.30 
Z.30 
Z.30 
Z.30 

ZJ.18 

10 

Z.3Z 

.06 

SSB • [ ,!, [ ~ I H L!d' l 
SSW • [ i~l J!: xZ i. j ] • i~l ( ~ ] 
HSB • SSB/(k.·l) 

MSW • SSW/(11-11.) 

Example 1. 
Hetnylene Chlorid9 

(ln(effluent)]Z 
Biological treatment 

5.Z9 
5.Z9 
5.Z9 
6.15 
S.Z9 
S.Z9 
5.Z9 
5.Z9 
S.Z9 
5.Z9 

53.7& 

lnf luent 
(..g/1) 

1960.00 
ZS68.00 
1817.00 
lS.O. 00 
3907.00 

5 

Z378 

9Z3.D' 

A-5 

Effluent ln(effluent) 
(..g/1) 

10.00 Z.30 
10.00 Z.30 
10.00 Z.30 
Z6.00 3.Z6 
10.00 Z.30 

lZ.46 

5 s 

13.Z Z.49 

7.15 .43 

Z.41 -

(ln(eff~uent)JZ 

S.Z9 
5.29 
5.Z9 

10.53 
5.Z9 

Jl.79 



Example l (continued) 

F • 1458/MSW 

where: 

k • nuni>er of treatment technologies 

n • number of data points for techno.logy 
1 

N • numaer of natur•l log transfonned data points for all technologies 

T • s1111 of log transfonned data points for each technology 
I 

x •the nat. log transfonned observations (j) for treatment technology (i) 
I J 

"1 • 10. "z. s. N. 15. k. z. Tl • Z3.18. Tz. 12.46, T. 35.6', r
2
• 1270.Zl 

T~ • 537.31 Tz z 155.Z5 

SSB ·[ 537.31 • .:::.:.:1 
. 10 5 

1270.21 

15 
• 0.10 

[ 
537.31 • 155.ZS] SSW• (53.76 • 31.79) -

10 5 

1459. 0.10/1 • 0.10 

MSW• 0.77/13 • 0.06 

F • 
0.10 

0.06 
• 1.67 

Source 

Bet...,.(I) 
Wttl'lln(V) 

DecJren of 
freedcll 

13 

SS 

0.10 
0.77 

• 0.77 

0.10 
0.01 

F 

1.67 

n.. cr;tical value of the F test at the 0.05 significance 19'1el is 4.67. Since 
the F value is less than the cr1t1cal value, the means are not si9n1f1cantly 
different ( i.1., they are nmopneous). 

Note: A 11 ca lcu lat 1on1 .. ,.. rounded to t• dee i• 1 places. Aesu Its 1111y differ 
d90end1n9 ypon the n..-.r of dec11 .. 1 places used in eech step of the calculations. 
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Exanti)le Z 
Tr1chloroethylene 

~team "r1gJilin9 Biological treatment 
Influent Effluent ln(effluentl (ln(effluentJJ 2 Influent Effluent In( effluent) (ln(effluentl; 
("9/ I) (~g/ 1) ("9/ 1) ("9/ 1) 

1650.00 10.00 Z.30 5.Z9 zoo.oo 10.00 Z.JO 5.Z9 
5ZOO.OO 10.00 Z.30 5.Z9 ZZ4.00 10.00 Z.JO S.Z9 
5000.00 10.00 Z.30 5.Z9 134.00 10.00 Z.30 S Z9 
17ZO.OO 10.00 Z.30 5.Z9 150.00 10.00 Z.30 5.Z9 
1560.00 10.00 Z.30 5.29 484.00 16.25 Z.79 7.78 

10300.00 10.00 Z.30 5.Z9 163.00 10.00 Z.30 S.29 
Zl0.00 10.00 Z.30 5.Z9 182.00 10.00 2.30 S.29 

1600.00 27.00 J.JO 10.89 
204.00 85.00 4.44 19. 71 
160.00 10.00 2.30 S.29 

51.111: 
ZS.14 n,9z 16.59 39.SZ 

Stl!IP le Size: 

10 10 10 7 7 7 

"91n: 
Z760 19.Z Z.61 zzo 10.89 Z.37 

Stan~rd OeYi1tion: 
3209.6 23.7 .71 120.5 Z.36 .19 

Y•r1•01 l ity F•ctor: 
3.70 1.53 

SSB • [ .!. 1~1 H ~::n 
SSW • 

"58 • SSI/ (li.-1) 

"5W • SSW/(ll•k) 
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Ex4111J)le Z (continued) 

F • MSB/MSW 

k • number of tre1tlll9nt t1cnnolo91es 

n • number of ~t• po1nts for tecnnology 1 
1 

N • numDer of a.u points for all tecnnol091es 

T • sia1 of n1tur1l log transfonned ~t• points for e1cn technology 
1 

X .. • tne natural log transfonned obser11ations (J) for trHtment tecnnol09y (i) 
1 J 

z z 
Nl • 10. NZ • 7, N • 17. k • 2. T

1 
• Z6.14. Tz • 16.59. T • 42.73, T • 1825.85. T

1 
• 683.JO. 

T~ • 275.Z3 

558 ·.(&a3.30 • 

10 

275.23 J _ 1825.85 

7 17 

SSW • (7Z.92 • 39.52) - [ 68l.
3
0 • 

275
'
23

] 
10 7 

"5B • 0.25/l • 0.25 

MSW• 4.79/15 • 0.32 

F ·~· 0.78 
O.JZ 

• 0.25 

• 4.79 

AllOVA T1ble 

o.tren of 
Source ff'Mdcll 

Between( Bl 
Wtthin(W) 15 

SS 

0.25 
4.79 

0.25 
0.32 

0.78 

F 

n. critic:.1 v•1ue of the F test 1t the 0.05 significance level is 4.54. Since 
thit F v•1ue 11 1 .. 1 thin the cr1t1c1l v1lue, the ... n1 ire not significantly 
di,,.,...., ( 1. ... they .... ~·>. 

Note: A 11 ca lcu lat ions .. ,.. rounded to t• dee I• 1 p 1acn. Rnu lta •Y di"•" 
~1n9 ucion the n...eer of dllc11111l pl1ee1 used in ..en step of the calculations. 
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ExamDle 3 
Chlorobenzene 

treatment Activat!d ,Judge follo..cl bx carbon adsor2tion Biological 
Inf lt.1ent Effluent ln(effluent) (ln(effluent)]Z Influent Effluent 

'"9/1) 1164/ 1 I (16911) (164/1) 

7Z00.00 80.00 4.38 19 .18 9206.00 1083.00 
6500.00 70.00 4.25 18.06 16646.00 709.50 
6075.00 35.00 3.56 12.67 49775. 00 460.00 
3040.00 10.00 Z.30 5.29 14731. 00 142.00 

3159.00 603.00 
6756.00 153.00 
3040.00 17.00 

Sum: 
14.49 55.ZO 

S.aiole Size: 
4 4 4 7 7 

Mean: 
5703 49 3.62 14759 452.5 

Standard Deviation: 
1835.4 3Z.24 .95 16311.86 379.04 

Yar1ab1l1ty Factor: 
7.00 15.79 

ssa • [ ,t [ ~ J ]- [ ~z ] 
SSW•.[ i!l Ji! xZi,J] ·t!l ( ~) 
"SB • SSB/(k·l) 

"SW • SSW/(N•k) 

F • "S8/"5W 

A-9 

ln(effluent) ln((effiuent)]:lll 

6.99 48.a6 
6.56 43.03 
6.13 37.~8 

4.96 24 50 
6.40 40.36 
5.03 25. 30 
Z.83 a.u: 

38.90 ZZS.34 

7 

5.56 

1. 42 



Example 3 (continued) 

k • nlllltler of treatment technol0911s 
n. • nuinDer of i:s.ta points for technology 1 

I 

N • nlllllblr of i:s.t1 points for all technologies 
T • sum of natural 109 transfonntd i:s.ta points for each technology 

X . •the natural log transfonntd observations (j) for treatmant technology (i) 
IJ 

"1 • 4, "2· 7, N. 11. k. 2. Tl • 14.49, T2. 38.90. T. 53.39. r2
• 2850.49, T~ • 209.96 

r2 
• 1513.21 

2 

SSB ·[209~96 • 15~3.21 J _ 28:;·49 

MSB • 9.52/1 • 9.52 

MSW• 14.88/9 • 1.65 

F • 9.52/1.65 • 5.77 

So11rc:1 
DegrHS of 
frtedom 

Bet....,,(8) 
W1tt11n(W) 9 

SS 

9.53 
14.89 

• 9.52 

MS 

9.53 
1.65 

F 

5.77 

The c:r1tic:1l val..e of t"- F tttt at the 0.05 tit"iftc:..-:e level is 5.12. Since 
the F va 1111 ,, l1rter than t"- c:rit 1ca l v1 l..e, t"- -.n1 •re 1ign1f 1c1nt ly 
different ( t .e., t"-1 ire "-terogeiieaus). 

Note: A 11 ca lc11 l1iton1 ..... rounded to t.o die i• I p lac:a. R1111 Its 111y d1 ff er ~ 1n9 

uoan tN ,,_,,.,. of die i• l p lien used '" uc" lt9P of t"- ca lcu l•t 1on1. 
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A.2. Variability Factor 

where: 

VF • 

Cgg • 

Mean • 

_£9g_ 
VF • Mean 

estimate of daily maximum variability factor determined from 
a sample population of daily data. 
Estimate of performance values for which 99 percent of the 
daily observations will be below. Cgg is calculated using 
the following equation: Cgg • Exp(y + 2.33 Sy) where y and 
Sy are the mean and standard deviation, respectively, of the 
logtransformed data. 
average of the individual performance values. 

EPA is establishing this figure as an instantaneous maximum because 

the Agency ~elieves that on a day-to-day basis the waste should meet the 

applicable treatment standards. In addition, establishing this 

requirement makes it easier to check compliance on a single day. The 

99th percentile is appropriate because it accounts for almost all process 

variability. 

In several cases, .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 estimate 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 limit. 

It has been postulated as a general rule that a lognormal 

distribution adequately describes the variation among concentrations. 
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Shows that the treatment residual concentr.ations are Agency data 

distributed approximately lognor.mally. 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 

P
ercentile (C ) of the lognormal distribution to its arithmetic mean 

99 
{Mean). 

VF • ...:n ( l) 

Mean 

The relationship between the parameters of the lognormal distribution 

and the parameters of the normal distribution created by taking the 

natural logarithms of the lognormally-distributed concentrations can be 

found in most mathematical statistics texts (see for example: 

Distribution in Statistics-Volume 1 by Johnson and Kotz, 1970). The mean 

of the lognormal distribution can be expressed in terms of the 

mean (µ) and standard deviation (a) of the normal distribution as 

follows: 

C99 
Mean 

• Exp (~ + 2.330) 
2 • Exp (~ + .So ) 

(2) 

(3) 

Substituting (2) and (3) in (1) the variability factor can then be 

expressed tn tenns of o as follows: 

VF • Exp (2.33 a - 2 .So ) (4) 

For residuals with concentrations that are not all below the 

detection limit, the 99th percentile and the mean can be estimated from 

the actual analytical data and accordingly, the variability factor {VF) 
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can be estimated using equation (1). For residuals with concentrations 

that are below the detection limit, the above equations can be used in 

conjunction with the assumptions below to develop a variability factor. 

Step 1: The actual concentrations follow a lognormal distribution. The 

upper limit (UL) is equal to the detection limit. The lower limit (LL) 

is assumed to be equal to one tenth of the detection limit. This 

assumption is based on the fact that data from well-designed and 

well-operated treatment systems generally falls within one order of 

magnitude. 

Step 2: The natural logarithms of the concentrations have a normal 

distribution with an upper limit equal to ln (UL) and a lower limit equal 

to ln (LL). 
Step 3: The standard deviation (a) of the·normal distribution is 

approximated by 

o • ((ln (UL) - ln (LL)] I ((2)(2.33)] • [ln(UL/LL)] / 4.66 

when LL• (0.l)(UL) then o • (lnlO) / 4.66. 0.494 

Step 4: Substitution of the value from Step 3 in equation (4) yields the 

~ariability factor, VF. 

VF • 2.8 
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Appendix B 

MAJOR CONSTITUENT CONCENTRATION CALCULATIONS FOR K048-K052 

!Q!! ! Water S Solids ! 011 and Grease 

Amoco OER• (Reference 6) 15 71 14 
API, 1983 (Reference 2) 81.9 9.4 8.7 
Jacobs, 1976 (Reference 3) 82 5.5 12.s 
Petition 1264 (Reference 24) 82 6.0 12 
BP Report •• (Reference 29) 80 5.0 15 

Average: 81.5 6.5 12 
Adjusted Average: 81 6 12 

IC049 S Water s Soli~ S Oil and Grease 

Conoco OER (Reference 13) 60 10 30 
API, 1983 (Reference 2) 63. 1 15.8 21. 7 
Jacobs, 1976 (Reference 3) 40 12.0 48 
Petition #481 (Reference 21) 31.9 14.4 51. 7 
Petition 1421 (Reference 19) 62 3 35 
BP Report (Reference 29) 47 6 47 

Average: 50.7 10.2 43.9 
Adjusted Average: 50 12 37 

llThese data represent cl9watered OAF tloat and were not used in these 
calculationa. 

••Includes DAF bottclls. 
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Appendix 8 (Continued) 

MAJOR CONSTITUENT CONCENTRATION CALCULATIONS FOR K048-K052 

KOSO ! Water ! Solids ! Oil and Grease 

Petition 1481 (Reference 21) 37.8 52.5 1.1 
Jacobs, 1976 (Reference 3) 53 36 11 
API, 1983 (Reference 2) 42.8 55.4 4.8 

Average: 44.5 48 1.8 
Adjusted Average: 44 48 7 

!Q2l ! Water ! Solids ! Oil and Grease 

Petition 1426 (Reference 25) 81 7 10 
Amoco OER (Reference 6) 30 54 15 
API, 1983 (Reference 2) 67.4 21.1 12.6 
Jacobs, 1976 (Reference 3) 53 24.4 22.6 
Petition 1481 (Reference 21) 51.6 22.3 22.4 
BP Report (Reference 29) 76 5 19 

Average: 59.8 22.3 16.9 
Adjusted Average: 60 22 17 

K052 ! Water S Solids S Oil and Grease 

API, 1983 (Reference 2) 37.9 59 8.5 
Jacobs, 1976 (Reference 3) 0.3 79.7 20 
Conoco OER (Reference 13) 18 70 10 

Average: 18.1 69.6 12.8 
Adjusted Average: 18 69 12 
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Plant Code 

A 

B 

c 

D 

E 

F 

c 

H 

I 

J 

K 

L 

Appendix C 

SUMMARY OF PETROLEUM REFINERY PLANT CODES 

Plant Name 

Amoco Oil Company, Whiting, Indiana 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

General Refining Superfund Site, 
Carden City, Georgia 

Unknown 

Waterways Experiment Station, 
Vicksburg, MississipP.i 

Unknown 

SOHIO Oil Alliance Refining, (Pilot plant 
results), Louisiana 

Unknown 

C-l 

Data Source 

EPA Testing 
(References 
6 and 8) 

AP! Report 
(Reference 

AP! Report 
(Reference 

AP! Report 
(Reference 

API Report 
(Reference 

API Report 
(Reference 

26) 

26) 

26) 

26) 

26) 

Resources 
Conservation 
Company 
(Reference 37) 

API Report 
(Reference 26) 

EPA Testing 
(Reference 7) 

API Report 
(Reference 26) 

BP America 
(Reference 29) 

CF Systems 
(Reference 30) 



Appendix C (Continued) 

SUMMARY OF PETROLEUM REFINERY PLANT CODES 

Plant Code Plant Name Data Source 

M SOHIO Oil Alliance Refinery (full-scale BP America 
results), Louisiana (Reference 36) 

N Unknown API Report 
(Reference 26) 

0 Unknown CF Systems 
(Reference 38) 

p Envirite Corporation, Pennsylvania K062 Background 
Document 
(Reference 27) 
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APPENDIX D 

ANALYTICAL QA/QC 

The analytical methods used for analysis of the regulated constitu

ents identified in Section 6.0 are presented in this Appendix. Table D-1 

presents the methods used for analysis of organics, inorganics, and metals in 

nonwastewaters. Analyses presented for organics were performed on the solvent 

extraction residue. Analyses presented for cyanide and di-n-butyl phthalate 

were performed on the fluidized bed incinerator ash, while analyses presented 

for metals were per- formed on the stabilized fluidized bed incinerator ash. 

Table D-2 presents the methods used for analysis or organics in the fluidized 

bed incinerator wastewater. The methods used for analysis of metals in this 

wastewater are presented in Reference 27 (Envirite). 

SW-846 methods (EPA's Test Methods for Evaluating Solid Waste: 

Physical/Chemical Methods, SW-846) are used in most cases for determining 

total constituent concentration. Leachate concentrations were determined 

using· the Toxicity Characteristic Leaching Procedure (TCLP), published in 51 

FR 40643, November 7, 1986. 

In some instances it was necessary to deviate from the SW-846 

methods. Deviations from SW-846 methods required to analyze the fluidized bed 

incinerator ash are listed in Table D-3. EPA is not aware of any deviations 

from SW-846 methods required to analyze to solvent extraction residue. SW-846 

allows for the use of alternative or equivalent procedures or equipment; these 
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are noted in Table D-4 for the fluidized bed incinerator ash and the stabil

ized ash. These alternatives or equivalents included the use of diffe~ent 

sample preparation methods and/or different extraction techniques to reduce 

matrix interferences. 

The accuracy determination for a constituent is based on the matrix 

spike recovery values. Tables D-5 and D-6 present the matrix spike recovery 

data for volatile, semivolatile, inorganic, and metal constituents in 

nonwastewater resUuals from fluidized bed incineration and fluidized bed 

incineration followed by ash stabilization. Table D-7 presents matrix spike 

recoveries for organics in wastewater residuals. Table D-8 presents matrix 

spike data. for metal constituents in wastewater residuals. 

Duplicate matrix spikes were performed for some volatile, semi

volatile, and metal constituents in the residuals from fluidized bed inciner

ation and fluidized bed incineration followed by stabilization. If duplicate 

matrix spikes were performed for an organic constituent, the matrix spike 

recovery used for that constituent was the lower of the two values from the 

first matrix spike and the duplicate spike. 

Where a matrix spike was not performed for an organic constituent, a 

matrix spike recovery for that constituent was derived from the average matrix 

spike recoveries of the appropriate constituent group (volatile or semi

volatile) for which recovery data were available. In these cases, the matrix 

spike recoveries for volatiles and semivolatiles from the first matrix spikes 
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were averaged. Similarly, average matrix spike recoveries were calculated for 

the duplicate matrix spike recoveries. The lower of the two average matrix 

spike recoveries of the volatile or semivolatile was used for any volatile or 

semivolatile constituent for which no matrix spike was performed. 

Where a matrix spike·was not performed for a metal constituent in a 

TCLP extract, a matrix spike recovery for that constituent was derived from 

the average matrix spike recoveries for that metal constituent in other TCLP 

extracts. For example, no matrix spike was performed for antimony in the 

cement sample from the stabilized fluidized bed incinerator ash. The percent 

recovery for this constituent was 74S, which is the average of the percent 

recoveries from the kiln dust sample and the fly ash sample for antimony. 

Quality assurance/quality control information was available for the 

solvent extraction data; however, the information could not be used to adjust 

the treated waste data for inaccuracies due to matrix interferences. The 

Agency corrects treated waste data based on matrix spike results obtained by 

spiking a sample of the waste with selected analytes. This method gives an 

indication of the effect the waste matrix has on the analysis of specific 

constituent~. The matrix spikes for the solvent extraction data were 

conducted on a standard soil sample; therefore, the results do not provide an 

indication of analytical interferences that may have been caused by the waste 

matrix, and the data cannot be corrected for analytical interferences. 
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The accuracy correction factors for volatile, semivolatile and metal 

constituents detected in the kiln ash and scrubber water residuals are summa

rized in Tables D-9 through D-11. 7able D-9 presents :he accuracy correct~on 

factors for constituents in the fluidized bed incinerator ash. Table D-10 

presents accuracy correction factors for metals in the stabilized fluidized 

bed incinerator ash. Table D-11 presents accuracy correction factors for 

organics in wastewaters from fluidized bed incineration and metals in 

wastewaters from chromium reduction followed by lime and sulfide precipitation 

and vacuum filtration. The accuracy correction factors were determined for 

each constituent by dividing 100 by the matrix spike recovery for that 

constituent. 
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1:1 
I 

VI 

Table D-1 

ANALYTICAL METHODS FOR REGULATED CONSTITUENTS JN K0~8-K052 NONWASTEWATER 

SOLVENT EXTRACTION 

Regulated Constituent 

Volatiles 
11. 
226. 
113. 
215-217. 

Benzene 
Ethylbenzene 
Toluene 
Xylene (total 

Semi volatiles 
57. Anthracene 
59. Benz(a)anthracene 
62. Benzo(a)pyrene 
70. Bis(2-ethylhexyl)phthalate 
Bo. Chrysene 
81. o-Cresol 
82. p-Cresol 
98. Di-n-butylphthalate 
121. Naphthalene 
11' 1. Phenanthrene 
1112. Phenol 
1115. Pyrene 

lnorganics 

169. Cyanide 

Total Composition 

Preparation Method 

Purge and Trap 
(Method 5030) 

Sonication Extraction 
(Method 3550), 
followed by 
Acid-Base Partition 
Cleanup (Method 3650) 
and Alumina Column 
Cleanup and Separation 
of Petroleum Wastes 
(Method 3611) 

Analytical Method 

Gas Chromatography/ 
Hass Spectrometry for 
Volatile Organics 
(Method 82110) 

Gas Chromatography/ 
Hass Spectrometry for 
Semivolatile Organics: 
Capillary Column 
Technique (Method 8270) 

Colorimetric, Manual 
(Method 9010) 

Reference 



Table D-1 (Continued) 

AllALYTICAL HETHO~ FOR RF.GULATED CONSTITUENTS IN K0Ji8-K052 NONWASTEWATER 

Regulated Constituent 

He ta ls 

155. 

159. 
163. 

1611. 

Arsenic 

ChrOlliua (total) 
llickel 

Seleniua 

STABILIZATION 

TCLP Extract 

Preparation Method 

51 Federal Register 
1106113. 1117 /86 

Analytical Method 

Atomic Absorption, Furnace 
Technique (Method 7060) 
Inductively Coupled Plasma 
Atomic Emission Spectroscopy 
(Method 6010) 
Atomic Absorption, Furnace 
Technique (Method 77116) 

Reference 

.. 

1Environmental Protection Agency, 1986. Test Methods for Evaluating Solid Waste, Third Edition, U.S. EPA, 
Office of Solid Waste and Emergency Response, November, 1986. 
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Table D-2 

ANALYTICAL METHODS FOR RF.GULATED ORGANIC CC*STITUENTS IN K~8-K052 WASTEWATER 

Regulated Conatltuent 

Volatlles 

4. 
8. 
226. 
43. 
215-217. 

Benzene 
Carbon disulfide 
Ethylbenzene 
Toulene 
Xylene (total) 

Semlvolatlles 

52. 
57. 
59. 
62. 
10. 
Bo. 
81. 
82. 
96. 
98. 
109. 
121. 
1!11. 
1q2. 
145. 

Acenaphthene 
Anthracene 
Benz(a)anthracene 
Benzo(a)pyrene 
Bia(2-ethylhe1yl)phthalate 
Chrysene 
o-Creaol 
p-Cresol 
2,--Dimethylphenol 
Di-n-butylphthalate 
Fluorene 
Naphthalene 
Phenanthrene 
Phenol 
Pyrene 

FLUIDIZED BED INCINERATION 

Total Composition 

Preparation Method 

Purge and Trap 
(Method 5030) 

Continuous Llquid
Llquid Extraction 
(Method 3520) and 
So1hlet Extraction 
(Method 35!10) 

Analytical .Method 

Gas Chromatography/ 
Mass Spectromethy for 
Volatile Organics 
(Method 8240) 

Gas Chromatography/ 
Mass Spectrometry for 
Selllvolattle Organics: 
Capillary Column 
Technique (Method 8270) 

Reference 

'Environmental Protection Agency, 1986. Test Methods for Evaluating Solid Waste, Third Edition, U.S. EPA, 
Office of Solid Waste and Emergency Response, November, 1986. 
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Anal ya la 

fluldlzad Bed Incineration 

Semlvolattla Organic 
Conatltuanta 

(Total Compoaltton) 

Mat hod 

3540 

8270 

Table D-3 

Deviations from SW-8~6 

SW-846 Speclflcatton 

Add 1.0 ml of solution 
containing 100 ug/ml of 
tha acid surrogatea and 
200 ug/ml of tha basal 
neutral surrogates. 
Additional amounts of the 
aurrogatas are added tf 
htgh concantratton 
aamplaa ara aapactad. 

The Internal atandarda 
recommended ara 
1,4-dtchlorobanzana-d4, 
napthalene-d9, 
acanaph·thena-d 10. 
phananthrana-d10. 
chryaana-d12. and 
parylana-d12· Othar 
compound• may ba uaad aa 
tntarnal atandarda •• 
long •• tha raqulramanta 
glvan tn Paragraph 7.3.2 
of tha method ara mat. 
Each compound ta 
dtaaolvad •tth a amall 
voluma of carbon 
dtaulflda and dtlutad 
to volume •tth mathylana 
chloride so that tha 
final aolvant ta approxt
matalv 20~ carbon 
dtaulflde. Moat of tha 
compounds ara alao 
soluble tn amall volumaa 
of methanol, acatona, or 
toluene, eacept for 
perylene-d12· Tha raault
lng solution •Ill contain 
each standard at a concan
trat 1 on of 4,000 ng/uL. 
Each 1-mL sample eatract 
undergoing analysis should 
be spiked •Ith 10 ul of 
the Internal standard 
solution, resulting In a 
concentration uf 40 ng/ul 
ot each internal stanoard. 

Deviation from SW-846 
Method 

0.1 ml of solution contain
ing 1,000 ug/ml of the 
actd aurrogates and 2,000 
ug/ml of the base/neutral 
surrogates •ere added to 
tha samples. The f lnal 
concantratton of the 
surrogataa tn the 
••tracts Is the same as 
specified In SW-846. 

Tha preparation of the 
Internal standards •as 
changed to eliminate 
carbon disulfide as a 
aolvent. The Internal 
atandard concentration was 
changed to 50 ng/ul Instead 
of 40 ng/ul. The standards 
••ra dlsaolvad In methylene 
chloride only. Perylene-d12 
dissolved In methylene 
chlortda aufflclentlv to 
ylald rallabla results. 
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Table D-4 

SPECIFIC PROCEDURES OR EQUIPMENT USED IN ANALYSIS OF REGULATED CONSTITUENTS 
WHEN ALTERNATIVES OR EQUIVALENTS ARE ALLOWED IN THE SW-846 METHODS 

Analyala 

Fluidized Bed Incineration 

Volatile Orgenlc Conatltuanta 
(Total Compoaltlon) 

SW-846 
Method 

5030 

Remark 

Sample Aliquot: 50 
•lllllttara of llquld or 
2 grama of ao I Id 

Alternatives or Equivalents 
Allowed by SW-846 Methods 

o The purge and trap 
device to be used ts 
apeclfled In the method 
In Figura I, the 
desorber to be used ts 
described In Figures 2 
and 3, and the packing 
materials are descrlueu 
In Sect I on 4. I 0. 2. The 
method allo•s equiva
lents of this equipment 
or materials to be used. 

o The method specifies 
that the trap must be at 
least 25 cm long and 
have an lnalde diameter 
of at least 0. 105 In. 

o The surrogates 
recommended are toluena
d8, 4-bromofluorobenzene, 
and l,2-dlchloroethane-d4. 
The recommended concen-
t rat 1 on level Is 0.25 ug/ 
ml. 

SpBclflc Procedures 
or Equipment Used 

u The purge and trap 
equipment, the 
desorber, and the 
packing materials 
used were as speci
f led In SW-846. 

o The length of the 
trap was 30 cm and 
and the diameter was 
0.25 cm. 

o All surrogates were 
added at the concen
tration reconvnended 

In SW-846. 
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Table D-ij (Continued) 

SPECIFIC PROCEDURES OR EQUIPMENT USED IN ANALYSIS OF REGULATED CONSTITUENTS 
WHEN ALTERNATIVES OR EQUIVALENTS ARE ALLOWED IN THE SW-8ij6 METHODS 

SW-848 
Analyala Method Ae .. rk 

Alternatives or Equivalents 
for Equipment or In Procedure 

Fluldlzed Bed Incineration (Continued) 

Volatile Organic 8240 
Conatltuenta 
(Total Compoaltlon) 
(Continued) 

Sample 
Prepar

a t 1 on 
Method a 
5030 

0 Recommended GC/MS operating conditions: 

Electron energy: 
Maaa ranges 
Scan ttma: 

Initial column temperature: 
lnltlal column holdlng time: 
Column temperature program: 
Flnal column temperature: 
Flnal column holdlng time: 
Injector te111pereture: 
Source temperature: 

Tranafer llne temperature: 
Carrier gaa: 

70 vols (nomlnal) 
35-260 amu 
To give 5 acans/ 
peak but not to 
eaceed 7 aec/acan 

4s0c 
3 min 
&°C/mln 
200°c 
15 min 
200-225°c 
According to 
manufacturer'• 
apaclflcatlon 
250-300°c 
Hydrogen at 50 
cm/aec or helium 
at 30 c111/aec 

o The column should be 6-ft a 0.1 In 1.0. glass, 
packed Mith I~ SP-1000 on Cartopact 8 (60/80 
meah) or an equlvalent. 

o Samples may be analyzed by purge and trap 
technique or by direct Injection. 

0 

Specific Equipment or ProcbtJures Uaed 

Act ua I GC/MS operca t I ny contJ it Ions: 

Electron energy: 
Masa range: 
Scan time: 

Initial column temperature: 
lnlttal column holding time: 
Column temperature program: 
Flnal column temperature: 
Flnal column holding time: 
Injector temperature: 
Source temperature: 
Transfer llne temperature: 
Carrier gas: 

70 ev 
35-350 amu 
2 sec/scan 

10°c 
5 min 
6°C/mln 
160°c 
20 min 
220°c 
250°c 
215°c 
He I tum if 30 

ml /min 

o Additional Information on Actual System Usea: 
Equipment: Finnegan Mat model 5100 GC/MS/OS 

System . 
Data system: SUPERINCOSR 
Mode: Electron Impact 
NBS library available 
lnterfact to MS - Jet separator 

o The column used was a capillary VOCOL which 
Is 60 meters long and has an Inner diameter 
of 0.75 mm and a 1,5 umdf. 

o All samples ware analyzed using the purge 
and trap technlquH. 
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Table D-~ (Continued) 

SPECIFIC PROCEDURES OR EQUIPMENT USED IN ANALYSIS OF REGULATED CONSTITUENTS 
WHEN ALTERNATIVES OR EQUIVALENTS ARE ALLOWED IN THE SW-8~6 METHODS 

SW-846 
Mat hod Remark 

Alternatives or Equlvalents 
Allowed by SW-846 M~thods 

Fluldlzed Bad Incineration (Continued) 

Samlvolatlle Organic 
Constituent• 
(Total Compoaltlon) 

3540 Sample Al lquot: 
10 grams of aolld 

o The base/neutral 
surrogates recommended 
are 2-fluoroblphenyl, 
nltrobenzene-d5, and 
terphany1-d4. The 
acid aurrogates 
recommended are 2-
f luoropheno I, 2,4,6-
trlbromophenol, and 
phenol-d6. Additional 
compounds may be used 
for surrogates. The 
recommended concentra
t Ions for low medium 
concentrations level 
samples are 100 ug/ml 
for acid aurrogates and 
200 ug/ml for base/ 
neutral aurrogatea. 
Volume of·surrogates 
addad may be adjusted. 

o Sample grinding may be 
required for samples 
not pasalng through a 
1 mm standard sieve or 
a 1 mm opening. 

Specif lc Procedures 
or Equipment Used 

o Surrogates were the 
recommended by SW-846 
with the e•ceptlon 
that phenol-d5 was 
substituted for 
pheno I -d6. The 
concentrations of 
surrogates In the 
samples were 100 ug/ 
ml ot acid surrogates 
auci 200 ug/ml of base/ 
neutral surrogates. 

o Sample grinding was 
•as not required. 
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Table D-4 (Continued) 

SPECIFIC PROCEDURES OR EQUIPMENT USED IN ANALYSIS OF REGULATED CONSTITUENTS 
WHEN ALTERNATIVES OR EQUIVALENTS ARE ALLOWED IN THE SW-8!&6 METHODS 

SW-841 
Method Ae .. rk 

Alternattvas or Equtvelanta 
for Equtpmant or tn Procedure Specific Equipment or Procedures Uaed 

flutdtzed Bad lnctnaretton (Continued) 

Semtvolat t la 
Organic 
Conatttuanta 
(Continued) 

8270 Sample o 
Prepar-
a t 1 on 
llethoda 
3520-
L lqu Ida 
3540-
So I ·tda 

Aaco ... ndad GC/MS operattng condlttona: 

Meaa range: 
Scan tt .. a 
lnltlal colu.n teinparetura1 
lnltlal colu.n holding ti,.., 
Column temperature program1 

flnal colu111n temperature 
hold1 

Injector temperature: 
Tranatar llne teinperature: 
Source te111perature1 

lnJector1 

Sal!lple volu•e: 
Carrier gaa: 

35-500 amu 
I aec/acan 
4o0 c 
4 •tn 
40-210°c at 
I0°Ct•tn 

210°c. (unt I 1 
benzo(g,h,I) 
perylene haa 
eluded) 
250-3oo0 c 
250-300°C 
Accordtng to 
..nufacturer'a 
apec If teat Ion 
Grob-type, ap I It 
le•• 
1-2 uL 
Hydrogen at 50 cm/ 
••c or heltu• at 
30 c•/aec 

0 Actual GC/MS operating condlttona: 

Mass ranee: 
Scan time: 
lnttlal column temperature: 
lnttlal column holdtng time: 
Column temperature program: 
ftnal column temperature 
hold: 

Injector temperature: 
Source temperature: 
Transfer ltne temperature: 
Source temperature 
Injector: 

Sample volume: 

Carrter gas: 

35-450 amu 
0.5 aec/scan 
350c 
10°c mtn 
35°c • ao0 ctmln 

215°c 
215°c. 
25o0 c 
215°c 
25o0 c 
Cool-on-column 
at 35°c 
0.5 ul of 
sample extract 
Hydro911n • 50 
cm/sec or 
he I tum at 30 
cm/sec 

o Addtttonal Information on Actual system Used: 
o Equipment: He•elett Packard 5987A.GC/M5 

(Operators Manual Revision 8) ' . 
o Soft•are Package: AQUARIUS NBS library 

avat I able 

o The column ahould be 30 m by 0.25 mm l.D., o The column used •as the J&W sclentt.ftc 08-5 
stltca captllary column. It ts 30 meters 
•Ith a 0.32 mm captllary column Inner 
diameter and a 0.25 um fllm. · 

1-wn fll• thtckneaa alltcon-coated fused stltca 
capillary column (J'lll Sctenttflc DB-5 or 
equtvalent). 



Table D-4 (Continued) 

SPECIFIC PROCEDURES OR EQUIPMENT USED IN ANALYSIS OF REGULATED CONSTITUENTS 
WHEN ALTERNATIVES OR EQUIVALENTS ARE ALLOWED IN THE SW-8~6 METHODS 

Analyala 
SW-846 
Method · 

fluldlzed Bed lnclneretlon (Conttnu•d) 

Metal Conatltuenta (TCLP) 8010 

7421 

Remark 

Equipment Uaed: 
ICPES-Applled Aeaearch 
Laboretorlea 
(AAL)-34000 

Equlp•ent Uaad: Perkin 
El•er 3030 

Alternetlvea or Equivalent 
Allo•ed by SW-846 Methoda 

o Operete equipment fol
lo•lng lnatructlona 
provided by lnatru-
.. nt 'a manufacturer 

o for operation with 
organic aolvanta, 
auallllarv argon gaa 
Inlet la reco111111anded. 

o Operate equipment fol
lo•lng lnatructlon 
provided by lnatrument'a 
.. nufacturer. 

o for background 
correction, uae either 
conttnoua correction or 
alternatlvea, e.g., 
Zee .. n correction. 

o If aamplea contain large 
amount of organic 
.. terlal, they ahould be 
oaldlzed by conventlonal 
acid dlgeatlon before 
being analyzed. 

Specif lc Procedurea 
or Equipment Uaed 

o Equipment operated 
using procedurea 
apeclfled In the 
AAL-34000 JCP 
Soft•are Gulde and 
the AAL-34000 
Programmer'• Gulde. 

o Aualllary argon gaa 
•as not required for 
aample matrlcea 
analyzed In thla 
aampl\ng aplaode. 

o Equipment operated 
using procedures 
apecltled In Perkin 
Elmer 3030 
Instruction Manual. 

o Background detection 
•aa used. Continuous 
correct on Model 303. 

o Sample preparation was 
required to remove 
organics . 



Anal val• 

Stab I I I ~at Ion 

Table D-4 (Continued) 

SPECIFIC PROCEDURES OR EQUIPMENT USED IN ANALYSIS OF REGULATED CONSTITUENTS 
WHEN ALTERNATIVES OR EQUIVALENTS ARE ALLOWED IN SW-846 METHODS 

5111-846 
Method Remark 

Alternatives or Equivalents 
Allowed bV S~-846 Methods 

Metals Conatltuanta (TCLP) 8010 Equlp•ant Uaad: o Operate equipment 
following Instructions 
provided bv lnstru
inant '•manufacturer 

Parkin Elmer Plasma II 
E•l•alon Spectrophoto
.. ter 

o. for operation with 
organic solvents, 
auallllarv argon gas 
Inlet la recommended. 

Specific Procedures 
or Equipment Used 

o Equipment operated 
using procedures 
specified In 
operation manuals 
prepared bV Perkin 
Elmer. 

o Aualllarv argon gas 
was for sample 
analyses. 
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Table D-5 

MATRIX SPIKE RECOVERIES FOR FLUIDIZED BED INCINERATOR ASH 

Original Amount Amount Percent• 
Amount Found Spiked Recovered Recovery 

Spike Constituent (ppm) (ppm) (ppm) <U 
VOLATILES 

II • Benzene <2 50 1111 BB 
9. Chlorobenzene <2 50 23 46 

21. Dichlorodifluoromethane ••• 
22. 1,1-Dichloroethane <2 50 118 96 
113. Toluene <2 50 110 80 
111. Trichloroethene <2 50 38 76 
215-
217. Xylene (total) ••• 

Average 77 

Sample Result Duplicate Sample Result 
Original Amount Amount Percent• Amount Percent• 

Amount Found Spiked R~covered Recovery Recovered Recovery 
Spike Constituent (ppm) (ppm) (ppm) <U (ppm) (j) 

SEHi VOLATILES 
(BASE/NEUTRAL FRACTION) 
52. Acenaphthene <0.2 10 6.6 66 6.J 63 
59. Benz(a)anthracene •• 
62. Benzo(a)pyrene •• 
70. Bis(2-ethylhexyl) •• 

phthalate 
80. Chrysene •• 
87. o-Dichlorobenzene <0.2 10 7.5 75 7.6 76 

•Percent recovery = 100 x (Ci - C0 )/Ct, where C1 = amount recovered, C0 = 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 semivolatile (base/neutral) constituents. The lower average percent 
recovery is 67J from the duplicate sample. 

•••No matrix spike was performed for this constituent. The percent recovery is based on the average percent 
recovery for the volatile constituents. This value is 77J. 
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Table D-5 (Continued) 

MATRIX SPIKE RECOVERIES FOR FLUIDIZED BED INCINERATOR ASH 

Sample Result Duplicate Sample Result 
Original Amount Amount Percent• Amount Percent• 

Amount Found Spiked Recovered Recovery Recovered Recovery 
Spike Constituent (ppm) (ppm) (ppm) 0) (ppm) (j) 

98. Di-n-Butyl phthalate •• 
102. 2,q-Dinitrotoluene <5.0 50 27 5q '26 52 
105. Di-N-propylnitrosamine <0.5 50 35 70 35 70 
109. Fluorene II 

121. Naphthalene •• 
1q 1. Phenanthrene II 

1q5. Pyrene <0.2 10 5.8 58 5.3 53 
150. 1,2,q-Trichlorobenzene <0.5 10 9 90 8.6 86 

Average 69 67 

INORGANICS 

169. Cyanide <0.51 o. 10 o.1oq 10q 
171. Sulfide <50 523 q18 82 

••No matrix spike was performed for this constituent. The percent recovery for this constituent is based 
on the lower average percent recovery of the semivolatile (base/neutral) constituents. The lower average 
percent recovery is 67j from the duplicate sample. 
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Table D-5 (Continued) 

MATRIX SPIKE RECOVERIES FOR FLUIDIZED BED INCINERATOR ASH 

Sample Result Duplicate Sample Result 
Original Amount Amount Percent• Amount Percent• 

Amount Found Spiked Recovered Recovery Recovered Recovery 
Spike Constituent (ppm) (ppm) (ppm) ( J) (ppm) (J) 

METALS ( TCLP EXTRACT). 

154. Antimony + 74 
155. Arsenic + 136 
156. Barium + 93 
157. Benyllium + 76 
158. Cadmium + 75 
159. Chromium (total) + 80 
221. Chromium (hexavalent) + 63 
160. Copper + 88 
161. Lead + 83 
163. Nickel + 73 
164. Selenium + 81 
165. Silver + 75 
166. Thallium + 59 
167. Vanadium + 77 
168. Zinc + 74 

+No matrix spike was performed for this constituent. The percent recovery is the average percent recovery from 
cement, kiln dust, and lime and fly ash TCLP extract for the stabilized ash for this constituent. Table D-6 
presents the data for the percent recoveries for stabilized fluidized bed incinerator ash. 

*Percent recovery = 100 x (C1 - C0 )/Ct, where Ct = amount recovered, C0 = original amount found, and 
Ct = amount spiked. 
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Table D-6 

MATRIX SPIKE RECOVERIES FOR THE TCLP EXTRACT FOR STABILIZED FLUIDIZED BED INCINERATOR ASH 

CEMENT 
Cement: Run 2 

Original Amount Amount Percent 
Amount Found Spiked Recovered Recovery• 

1fil!!!l 1fil!!l (ppm) (~) 
CONSTITUENTS (ppm) 

BOAT METALS 
1511. Antimony •• 711 
155. Arsenic <0.001' o. 1 o. 136 136 
156. Barium •• 93 
157. Beryllium •• 76 
158. Cadmium •• 75 
159. Chromium (total) •• 80 
221 . Chromium 

(hexavalent) •• 63 
160. Copper •• 88 
161. Lead <0.006 1.0 0. 9911 99 
163. Nickel •• 73 
164. Selenium 0.022 0.05 0.064 84 
165. Silver •• '15 

166. Thallium 0.009 1.0 0.612 61 
167. Vanadium •• 77 
168. Zinc •• 74 

•Percent recovery = 100 x (C1 - C0 )/Ct, where Ct = amount recovered, C0 = original amount found, and 
Ct = amount spiked. 

••No matrix spike was performed for this constituent. The percent recovery is the average of percent recoveries 
from kiln dust and lime and fly ash for this constituent. This average is shown in the percent recovery 
column. 



Table D-6 (Continued) 

MATRIX SPIKE RECOVERIES FOR THE TCLP EXTRACT FOR STABILIZED FLUIDIZED BED INCINERATOR ASH 

KILN DUST 
Kiln Dust: Run 1 Kiln Dust: Run 3 

Original Original 
Amount Amount Amount Percent Amount Amount Amount Percent 
Found Spiked Recovered Recovery• Found Spiked Recovered Recovery• 

CONSTITUENTS (ppm) 1B!!l ll!l!!!l ifil!!!1 <U ifil!!!1 ~ ~ 0) 

BOAT METALS 

1511. Antimony <O. 163 1.0 0.66 66 <0. 163 1.0 0.815 82 
155. Arsenic •• 0.005 0. 1 0.137 132 
156. Barium 0.203 1.0 1.103 90 0.2011 1.0 1. 15 91 

0 157. Beryllium <0.001 1.0 0.706 71 <0.001 "1.0 0.8115 85 
I 158. Cadmium <0.003 1.0 0.6911 69 <0.003 1.0 0.83lt 83 ..... 
'° 159. Chromium (total) 1. 78 1.0 2.532 75 1.87 1.0 2. 71111 87 

221. Chromium •• 2.13 1.0 3. 15 102 
(hexavalent) 

160. Copper <0.003 1.0 0.721 72 <0.003 1.0 1. 17 117 
161. Lead •• <0.006 1.0 0.765 11 
163. Nickel <0.018 1.0 0.675 68 <0.018 1.0 0.816 82 
1611. Selenium O.Olt4 0.04 0.05 0.0776 75 
165. Silver <0.006 1.0 o. 70 70 <0.006 1.0 0.838 811 
166. Thallium •• 0.009 1.0 0.573 56 
167. Vanadium 1.53 1.0 1.968 114 1.56 1.0 2.498 9ll 
168. Zinc O.Olt8 1.0 0.755 71 0.031 1.0 0.871 8ll 

•Percent recovery = 100 x (Ci - Co)/Ct, where Ct = amount recovered, Co = original amount found, and 
Ct = a.mount spiked. 

••No matrix spike was performed for this ·constituent for run 1. 



Table D-6 (Continued) 

MATRIX SPIKE RECOVERIES FOR THE TCLP EXTRACT FOR STABILIZED FLUIDIZED BED INCINERATOR ASH 

LIME AND FLY ASH 

Lime and Flyash: Run: 3 
Original 

Amount Amount Amount Percent 
Found Spiked Recovered Recovery• 

CONSTITUENTS (ppm) 1.l!E!!l 1fil!!l ~ (J) 

BOAT METALS 
1511. Antimony <0. 163 1.0 0.751 75 
155. Arsenic 0.006 0. 1 0. 1116 1110 
156. Barium 0.599 1.0 1.568 97 

? 157. Beryllium <0.001 1.0 0.728 73 
N 158. Cadmium <0.003 1.0 o. 722 12 
0 

159. Chromium (total) 1.08 1.0 1.846 11 
221. Chromium (hexavalent) 0.171 1.0 0.1103 23 
160. Copper 0.006 1.0 0.7119 74 
161. Lead <0.006 1.0 0.72 12 
163. Nickel <0.018 1.0 0.698 70 
1611. Selenium 0.017 0.05 0.059 85 
165. Silver <0.006 1.0 0.726 13 
166. Thallium <0.001 1.0 0.583 58 
167. Vanadium 0.156 1.0 1.092 94 
168. Zinc 0.052 1.0 0.734 68 

•Percent recovery = 100 x (Ci - C0 )/Ct, where Ct = amount recovered, Co = original amount found, and 
Ct = amount spiked. 



Table D-7 

MATRIX SPIKE RECOVERIES FOR ORGANICS IN WASTEWATER RESIDUALS 

Sample Result Duplicate Sample Result 
Original Amount Amount Perc·ent• Amount Percent• 

Amount Found Spiked Recovered Recovery Recovered Recovery 
Spike Constituent (ppb) (ppb) (ppb) (J} (ppb) (j) 

VOLATILES 

4. Benzene <4. 1 25 27.86 111 29. 14- 117 
9. Chlorobenzene <4.0 25 29.07 116 29.45 118 

21. Dichlorodifluoromethane <4. 1 25 ND NA ND NA 
24. 1.1-Dichloroethane <4. 1 25 38.40 1511 38.96 156 
113. Toluene <1' .o 25 27.46 110 29. 78 119 

'? 47. Trlchloroethene <4.0 25 27.91 112 29. 12 116 I 
N 215. a-Xylene <4.0 25 27.91 112 28.92 116 ...... 

216. m-Xylene 
<1' .o 50 53.85 108 55.09 110 217. p-Xylene 

SEHIVOLATTLES 

52. Acenaphthene <10 100 91.58 92 57.32 57 
62. Benzo(a)pyrene <10 100 98.51 99 58.90 59 
70. Bis(2-ethylhexyl) <10 100 83.71 84 65 .41 65 

phthalate 
76. p-Chloro-m-cresol <20 200 265. 15 133 181.09 91 
78. 2-Chlorophenol <10 200 230.40 115 192.93 96 
80. Chrysene <10 100 105.64 106 64.62 65 
88. 1.4-Dlchlorobenzene <10 100 75.82 76 64 .01 64 
98. Dl-n-Butyl phthalate <10 100 108.06 108 47.36 47 

102. 2.4-Dinltrotoluene <10 100 111. 34 111 56.48 56 
105. Di-n-propylnitrosamine <10 100 93.05 93 69.57 10 
109. Fluorene <10 100 105. 11 105 56.11 56 
121. Naphthalene <10 100 117.85 118 85.04 85 

•Percent recovery = 100 x (Ci - Co)/Ct• where Ct = amount recovered. C0 = original amount found, and Ct = 
amount spiked. 



Table D-7 (Continued) 

MATRIX SPIKE RECOVERIES FOR ORGANICS IN WASTEWATER RESIDUALS 

Sample Result Duplicate Sample Result 
Original Amount Amount Percent• Amount Percent• 

Amount Found Spiked Recovered Recovery Recovered Recovery 
Spike Constituent (ppb) (ppb) (ppb) 0) (ppb) ( J) 

SEHIVOLATILES (Cont.) 

127. 4-Nitrophenol <50 200 151.!IO 76 123.87 62 
139. Pentachlorophenol <50 200 101.00 51 117 .68 59 
141. Phenanthrene <10 100 98.72 99 71.42 71 
1112. Phenol <10 200 216.57 108 118.81 59 
145. Pyrene <10 100 120.98 121 61.67 62 

ti 
150. 1,2,4-Trichlorobenzene <10 100 83.21 83 66.28 66 

I 
N 
N 

•Percent recovery = 100 x (C1 - Co)/Ct, where Ct = amount recovered, C0 = original amount found, and Ct = 
amount spiked. 



0 
I 

N 
w 

Table D-8 

MATRIX SPIKE RECOVERIES FOR METALS IN WASTEWATER RESIDUALS+ 

Samele Recover~ Duelicate Samele Result 
Original Amount Amount Percent Amount Percent 

Amount Found Spiked Recovered Recovery Recovered Recovery• 
Selke Constituent ieE!tl ~ llihl ill ifil!hl ill 

159. Chromium (total) <II. O 50 35 70 3q 68 

161. Lead <5.0 25 22 88 19 76 

168. Zinc 2,6110 10,000 12,600 100 12 'llQO 98 

•Percent recovery = 100 x (Ct - C0 )/Ct, where Ct = amount recovered, C0 = original amount found, and 
Ct = amount spiked. 

+Matrix spike recoveries transferred from the Onsite Engineering Report for Horsehead (Reference 28). 



Table D-9 

SUMMARY OF ACCURACY CORRECTION FACTORS FOR NONWASTEWATER 

(Fluidized Bed Incineration) 

Accuracy Correction Factor• 
Constituent Total Concentration TCLP 

21. Dichlorodifluoromethane 1.30 
43. Toluene 1.25 

Xylene 1.30 
59. Benz(a)anthracene 1.49 
62. Benzo(a)pyrene 1.49 
70. Bis(2-ethylhexyl)phthalate 1.49 
80. Chrysene 1.49 
98. Di-n-butyl phthalate 1.49 

109. Fluorene 1.49 
121. Naphthalene 1.49 
141. Phenanthrene 1.49 
145. Pyrene 1.89 
154. Antimony 1.35 
155. Arsenic 0.74 
156. Barium 1.08 
157. Beryllium 1.32 
158. Cadmium 1.33 
159. Chromium (total) 1.25 
160. Copper 1. 14 
161. Lead 1.20 
163. Nickel 1.34 
164. Selenium 1.23 
165. Silver 1.33 
167. Vanadium 1.30 
168. Zinc 1.35 
169. Cyanide 0.96 
171. Sulfide 1.22 

•The Accuracy Correction Factor is equal to 1 divided by the Percent 
Recovery. 
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154. 

155. 

156. 

157. 

158. 

159. 

160. 

161. 

163. 

164. 

165. 

167. 

168. 

Table D-10 

SUMMARY OF ACCURACY CORRECTION FACTORS FOR NONWASTEWATER 

(Stabilization) 

Accuracy Correction Factor• 

Constituent Cement Kiln Dust Lime and Fly Ash 

Antimony 1.35 1.36 1.33 

Arsenic 0.74 0.76 0.71 

Barium 1. 10 1. 10 1.03 

Beryllium 1.32 1.29 1.37 

Cadmium 1.33 1. 31 1.39 

Chromium 1.25 1.23 1. 31 

Copper 1.34 1.06 1.35 

Lead 1 . 01 1. 31 1.39 

Nickel 1.37 1.34 1.43 

Selenium 1. 19 1.33 1. 18 

. Silver 1.33 1.30 1.38 

Vanadium 1.30 1.45 1.07 

Zinc 1.35 1.29 1.47 

•The Accuracy Correction Factor is equal to 1 divided by the Percent Recovery. 
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4. 
43. 
62. 
10. 
80. 
98. 

109. 
121. 
141. 
142. 
145. 
215-217. 
226. 

Table 0-11 

SUMMARY OF ACCURACY CORRECTION FACTORS FOR WASTEWATER 

(Fluidized Bed Incinerator Scrubber Water) 

Constituent 

Benzene 
Toluene 
Benzo(a)pyrene 
Bis{2-ethylhexyl)phthalate 
Chrysene 
Oi-n-butyl phthalate 
Fluorene 
Naphthalene 
Phenanthrene 
Phenol 
Pyrene 
Xylene (total) 
Ethyl benzene 

Accuracy Correction Factor• 

0.90 
0.91 
1. 70 
1.54 
1.54 
2. 13 
1. 79 
1. 18 
1. 41 
1. 70 
1.61 
0.93 
0.85 

{Chromium Reduction Followed by Lime and Sulfide 
Precipitation and Vacuum Filtration) 

Constituent Accuracy Correction Factor• 

159. Chromium {total) 
162. Lead 

1.47 
1.32 
1.02 164. Zinc 

ttThe Accuracy Correction Factor is equal to 1 divided by the Percent Recovery. 
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APPENDIX E 

STRIP CHARTS FOR THE SAMPLING EPISODES AT PLANT A 

PRESSURE DIFFERENTIALS, INCINERATION TEMPERATURES, 

AND STACK CARBON MONOXIDE CONCENTRATION 

Figure E-1: 

Figure E-2: 

Figure E-3: 

Figure E-4: 

Figure E-5: 

Constriction Plate and Bed Pressure Differentials 
from the January 13, 1987 Sampling Episode 

Bed and Freeboard Temperatures from the January 13, 
1987 Sampling Episode 

Constriction Plate and Bed Pressure Differentials 
from the January 26, 1988 Sampling Episode 

Bed and Freeboard Temperatures from the January 26, 
1988 Sampling Episode · 

Stack Carbon Monoxide Concentration from the January 
26, 1988 Sampling Episode 
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Appendix F 

OTHER TREATMENT DATA 

Appendix F contains treatment data for K048-K052 wastes which were 

not used in the development of treatment standards. Table F-1 is an index of 

all data presented in this appendix. 

Table F-1 

INDEX OF TREATMENT DATA 

Facility Section Page 

Plant B - API Report (Reference 26) F. 1 F-2 
Plant E - API Report (Reference 26) F.2 F-4 
Plant F - API Report (Reference 26) F.3 F-5 
Plant H - API Report (Reference 26) F.4 F-6 
Plant J - API Report (Reference 26) F.5 F-10 
Plant K - SOHIO Report (Reference 9) F.6 F-20 
Plant L - CF Systems Report (Reference 30) F.7 F-37 
Plant N - API Report (Reference 26) F.8 F-38 
Plant 0 - CF System Report {Reference 38) F.9 F-39 
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F.1 Treatment Data for Plant B (K051) 

PRESSURE FILTRATION (BELT FILTER PRESS) 

Treated Waste 
Untreated K051 Waste Filter Cake 

mg/kg mg/kg 
Detected BOAT List Constituents+ (ppm) (ppm) 

VOLATILES 
4. Benzene 74 10 

226. Ethyl benzene 120 <30 
43. Toluene 450 1.5 

215-217. Xylene (total) 720 158 

SEMI VOLATILES 
57. Anthracene 13 <2 
59. Benz(a)anthracene 13 15 
62. Benzo(a)pyrene 7 <2 
63. Benzo(b)fluoranthene <2 6 
80. Chrysene 23 24 
81. o-Cresol <2 <2 
82. p-Cresol <2 <2 
96. 2,4-Dimethylphenol <2 <2 

121. Naphthalene 200 220 
141. Phenanthrene 110 170 
142. Phenol <2 <2 
145. Pyrene 27 42 

METALS ~ TCLP me/L 
155. Arsenic 5 0.02 
156. Barium 68 0.26 
158. Cadmium <0.5 <0.008 
159, Chromium 80 0.01 
161. Lead 64 <0.04 
162. Mercury 4.4 <0.001 
164. Selenium 1.6 <0.04 
165. Silver <0.3 <0.006 

+ Analyses were not performed for all BOAT 113t organic and metal 
constituents. 
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Design and Operating Parameters 

·sludge feed rate ( gpm) 
Dilution water feed rate (gpm) 
Polymer solution concentration (wtj) 
Polymer solution feed rate (gpm) 
Belt tension (psi) 
Belt speed 

Gravity section (ft/min) 
Pressure section (ft/min) 

*Design values were not presented in the API report. 
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Operating Range* 

21 .5 
3 

1. 3 
1.5 
200 

20 
35 



F.2 Treatment Data for Plant E (K051 and K052) 

PRESSURE FILTRATION (PLATE FILTER PRESS) 

Detected BOAT List Constituents+ 

VOLATILES 
4. Benzene 

226. Ethyl benzene 
34. Methyl ethyl ketone 
43. Toluene 

215-217. Xylene (total) 

SEMI VOLATILES 
57. Anthracene 
59. Benz(a)anthracene 
62. Benzo(a)pyrene 
63. Benzo(b)fluoranthene 
70. Bis(2-ethylhexyl)phthalate 
80. Chrysene 
81 . o-Cresol 
82. p-Cresol 
83. Dibenz(a,h)anthracene 
96. 2,4-Dimethylphenol 

108. Fluoranthene 
121. Naphthalene 
141. Phenanthrene 
142. Phenol 
145. Pyrene 

METALS 
155. 
156. 
158. 
159. 
161 • 
162. 
164. 
165. 

Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Selenium 
Silver 

Design and Operating Parameters 

No data were submitted 

Untreated Waste• 
mg/leg 
(ppm) 

9.8 
17 
<43 
68 
106 

0.069 
o. 14 
0.071 
0.041 

<0.009 
0.24 
0.33 
0.42 

<0.009 
<0.009 
0.005 

1. 1 
0.53 

1. 7 
0.25 

mg/~g 
o. 
54 

<0.5 
328 
48 

o. 13 
<0.4 

Treated Waste 
Filter Cake 

mg/leg 
(ppm) 

60 
1 10 

<300 
360 
690 

9.4 
20 
9,9 
6.2 
< 1 
26 
< 1 
< 1 
< 1 
< 1 
5.9 
90 
47 
< 1 
22 

TCLP mg/L 
0.004 
0.57 
<0.02 

<0.025 
<0. 1 

<0.001 
<0.004 
<0.015 

*The untreated waste consists of K051, K052 and unleaded tank bottoms. These 
wastes were conditioned with lime before sampling. 

--- Data were not available for this constituent. 

+Analyses were not performed for all BOAT List organic and metal 
constituents. 
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F.3 Treatment Data for Plan·t F (K049 and K051) 

SOLVENT EXTRACTION 

Detected BOAT List Constituent+ 

VOLATILES 
4. Benzene 

43. Toluene 
215-217. Xylene (total) 

SEMI VOLATILES 
57. Anthracene 
80. Chrysene 

121. Naphthalene 
141. Phenanthrene 
142. Phenols 

METALS 
159. Chromium (total) 
161. Lead 

Design and Operating Parameters 

No data were submitted 

Untreated Waste• 
mg/kg 
(ppm) 

600 
6,600 
8,880 

<46 
< 19 
560 
740 

<1,900 

mg/kg 
220 
27 

ltThe untreated waste is a mixture of K049 and K051 waste. 

Treated Waste 
Extracted Residual 

mg/kg 
(ppm) 

1. 3 
5.0 
4.4 

<0.001 
<0.001 
0.005 
0.005 
<0. 10 

TCLP mg/L 
0. 11 
0.05 

+Analyses were not performed for all BOAT list organic and metal 
constituents. 
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F.4 Treatment Data for Plant H (K048 - K052) 

(a) THERMAL DRYING (Specific Waste Codes Not Reported) 

Treated Waste 
Untreated Waste• Filter Cake Residue 

mg/kg mg/kg 
Detected BOAT List Constituents+ (ppm) (ppm) 

350°F 550°F 
VOLATILES 

4. Benzene 80 0.5 <'0.05 
226. Ethylbenzene 86 <0.5 0. 12 

34·. Methyl ethyl ketone < 12 <5.0 3.4 
43. Toluene 340 1.5 1.2 

215-217. Xylene (total) 430 2.5 0.33 

SEMI VOLATILES 
57. Anthracene 13.3 100 96 
59. Benz(a)anthracene 3.4 60 70 
62. Benzo(a)pyrene 1.8 <48 44 
63. Benzo(b)fluoranthene 1.2 <48 29 
70. Bis{2-ethylhexyl)phthalate 1. 1 <48 14 
80. Chrysene 9.4 81 100 
81. o-Cresol 0.4 <7.3 < 1 
82. p-Cresol 1.3 <7.3 19 
83. Dibenz{a,h)anthracene 1. 1 <48 21 
96. 2,4-Dimethylphenol 0.7 <7.3 < 1 

108. Fluoranthene <1 <48 56 
121. Naphthalene 82 120 15 
141. Phenanthrene 109 720 590 
142. Phenol 0.9 <7.3 12 
145. Pyrene 26 200 200 

METALS !.&L!! TCLP mg/L 
155. Arsenic 2.0 0.005 <0.04 
156. Barium 115 <0.6 0.57 
158. Cadmium <2 <0.01 <0.008 
159. Chromium (total) 340 0. 1 0.04 
161. Lead 40 <0.04 <0.04 
162. Mercury 0.2 <0.001 NA 
164. Selenium <4 0.004 <0. 1 
165. Silver < 1.5 <0.004 <0.006 

•The untreated waste is the filter cake from the belt filter press at plant C 
generated from treatment of petroleum refinery wastes {the specific waste 
codes were not specified). 

NA Not Analyzed 
--- Data were not available for this constituent. 
+Analyses were not performed for all BOAT organic and metal constituents. 
BDL = Below Detection Limit. 
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Design and Operating Parameters 

Temperature of heat transfer fluid (°F) 
Retention time (min) 

*Design values were not presented in the API report. 

F-7 

Operating Range• 

350°F 

450 
50 

550°F 

650 
36-42 



(b) THERMAL DRYING (K051 and K052) 

Treated Waste 
Untreated Waste• Filter Cake Residue 

mg/kg mg/kg 
Detected BOAT List Constituents+ (ppm) (ppm) 

350°F 5S0°F 
VOLATILES 

4. Benzene 60 < 1.5 0. 17 
226. Ethyl benzene 110 4.3 0.51 
34. Methyl ethyl ketone <300 < 1.5 < 1.3 
43. Toluene 360 8.3 1.0 

215-217. Xylene (total) 690 3.2 3.4 

SEMI VOLATILES 
57. Anthracene 9.4 11 4. 1 
59. Benz(a)anthracene 20 19 17 
62. Benzo(a)pyrene 9.9 20 16 
63. Benzo(b)fluoranthene 6.2 10 11 
70. Bis(2-ethylhexyl)phthalate <1 <6.4 <1 
80. Chrysene 26 37 28 
81. o-Cresol <1 <0.64 < 1 
82. p-Cresol <1 <0.64 < 1 
83. Oibenz(a,h)anthracene <1 <6.4 < 1 
96. 2,4-0imethylphenol <1 <0.64 < 1 

108. Fluoranthene 5.9 13 4.6 
121. Naphthalene 90 42 4.6 
141. Phenanthrene 47 120 2.6 
142. Phenol < 1 1.2 1.0 
145. Pyrene 22 92 16 

METALS !!!!L!& TCLP mg/L 
155. Arsenic 7.0 0.01 <O. 1 
156. Barium 142 0.8 1.3 
158. Cadmium 1 <0. 1 0.02 
159. Chromium 835 <0.025 0.02 
161. Lead 126 <0. 1 <O. 1 
162. Mercury 2.9 <0.001 NA 
164. Selenium <4 <0.004 <0.3 
165. Silver <0.6 <0.015 <0.02 

*The untreated waste is the filter cake from the plate filter press at plant 
E generated from treatment of K051, K052, and unleaded tank bottoms. These 
wastes were conditioned with lime prior to filtration. 

+Analyses were not performed for all BOAT organic and metal constituents. 
NA = Not analyzed. 
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Design and Operating Parameters 

Temperature of heat transfer fluid (°F) 
Retention time {min) 

•Design values were not presented in the API report. 
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Operating Range• 

350°F 

450 
50 

550°F 

650 
36-42 



F.5 Treatment Data for Plant J (K048-K052) 

(a) MICROENCAPSULATION/POZZOLANIC STABILIZATION (K049) 

Detected BOAT List Constituent 

VOLATILES 
4. Benzene 

226. Ethyl benzene 
43. Toluene 

215-217. Xylene (total) 

SEMI VOLATILES 
81. ortho-Cresol 
96. 2,4-Dimethylphenol 

121. Naphthalene 
141. Phenanthrene 
142. Phenol 

METALS 
155. Arsenic 
156. Barium 

Design and Operating Parameters 

No data were submitted. 

Untreated Waste* 
TCLP 
mg/L 
(ppm) 

26 
27 
51 

101 

0.05 
0.06 
0.27 
0. 1 

0.02 

BDL 
1 • 4 

tt'fhe untreated waste is slop oil emulsion solids (K049). 

Treated Waste 
TCLP 
mg/L 
(ppm) 

0. 16 
o. 13 
0.66 
0.63 

0.07 
0.07 
0.22 
0.01 
0.94 

0.01 
1.4 

+Analyses were not performed for all BOAT List organic and.metal 
constituents. 

BDL = Below detection limit; detection limit not reported. 
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(b) MICROENCAPSULATION/POZZOLANIC STABILIZATION (K051). 

Detected BOAT List Constituents+ 

VOLATILES 
4. Benzene 

226. Ethyl benzene 
43. Toluene 

215-217. Xylene (total) 

SEMI VOLATILES 
57. Anthracene 
59. Benzo(a)anthracene 
62. Benzo(a)pyrene 
80. Chrysene 
81. ortho-Cresol 
96. 2,4-Dimethylphenol 

121. Naphthalene 
141. Phenanthrene 
142. Phenol 
145. Pyrene 

METALS 
155. Arsenic 
156. Barium 
159. Chromium (total) 

Design and Operating Parameters 

No data were submitted. 

Untreated Waste• 
TCLP 
mg/L 
(ppm) 

22 
8 

28 
33 

3.6 
0.49 
0.38 
0.99 
0.25 
0.25 

10.2 
<0.06 
2.4 
1.2 

0.01 
1.3 
0.89 

lt'fhe untreated waste is API separator sludge (K051). 

+Analyses were not performed for all BOAT Llst organic and metal 
constituents. 
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Treated Waste 
TCLP 
mg/L 
(ppm) 

0.04 
0. , , 
0.24 
0.57 

<0.005 
<0.005 
<0.005 
<0.005 
0.01 
0.01 
0. 16 
0.01 
0.03 

<0.005 

<0.002 
1.9 

<0.025 



(c) MICROENCAPSULATION/POZZOLANIC STABILIZATION (Specific Waste Codes Nat 
Reported) 

Detected BOAT List Constituents+ 

VOLATILES 
4. Benzene 

43. Toluene 
215-217. Xylene (total) 

SEMI VOLATILES 
121. Naphthalene 
141. Phenanthrene 

METALS 
156. Barium 

Design and Operating Parameters 

No data were submitted. 

Untreated Waste• 
TCLP 
mg/L 

(ppm) 

1.3 
2.2 
1.8 

0. 1 
<0.01 

1.0 

Treated Waste 
TCLP 
mg/L 

(ppm) 

<0.0005 
0.01 

BDL 
0.01 

2.2 

0. 14 

lfThe untreated waste is the filter cake from the belt filter press at plant C 
generated from treatment of petroleum refinery wastes (the specific waste 
codes were not reported). 

+Analyses were not performed for all BOAT List organic and metal 
constituents. 

BOL = Below detection limit; detection limit not reported. 
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(d) MICROENCAPSULATION/POZZOLANIC STABILIZATION (K051 and K052) 

Detected BOAT List Constituents+ 

VOLATILES 
4. Benzene 

226. Ethyl benzene 
43. Toluene 

215-217. Xylene (total) 

SEMI VOLATILES 
81. ortho-Cresol 
96. 2,4-Dimethylphenol 

121. Naphthalene 
141. Phenanthrene 
142. Phenol 

METALS 
155. Arsenic 
156. Barium 

Design and Operating Parameters 

No data were submitted. 

Untreated Waste• 
TCLP 
mg/L 
(ppm) 

0.8 
0.22 
2.2 
1.42 

0.2 
0.01 
o. 16 
O.OOH 
o. 1 

o.oo•• 
0.57 

Treated Waste 
TCLP 
mg/L 
(ppm) 

o.oi 
NA 

0.09 
0.47 

NA 
NA 
NA 
0.22 

BDL 

BDL 
2.0 

*The untreated waste is the filter cake from the plate filter press at 
plant E generated from treatment of a mixture of K051 and K052. 

••value was reported as 0.00. 

+Analyses were not pertormed for all BOAT List organic and metal 
constituent:s. 

BDL = Below detection limit; detection limit was not reported. 

NA = Not Analyzed 
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(e) SODIUM SILICATE/POZZOLANIC STABILIZATION (Specific Waste Codes Not 
Reported 

Detected 9DAT List Constituents+ 

VOLATILES 
4. Benzene 

43. Toluene 
215-217. Xylene (total) 

SEMI VOLATILES 
81. ortho-Cresol 
96. 2,4-Dimethylphenol 

121. Naphthalene 

METALS 
155. Arsenic 
156. Barium 

Design and Operating Parameters 

No data were submitted. 

Untreated Waste• 
TCLP 
mg/L 

(ppm) 

1. 3 
2.2 

1.8 

0.02 
0.04 

0. 1 

<0. 1 
1.0 

Treated Waste 
TCLP 
mg/L 

(ppm) 

0.48 
1.8 
1.2 

0. 18 

0.01 
BDL 

*The untreated waste is the belt filter cake from plant C generated from 
treatment of unknown petroleum refinery wastes (the specific waste codes were 
not reported). 

+Analyses were not performed for all BOAT List organic and metal constituents. 

---Data were not available for this constituent. 
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(f) SODIUM SILICATE/POZZOLANIC STABILIZATION (K051 and K052) 

Detected BOAT List Constituents+ 

VOLATILES 
4. Benzene 

43. Toluene 
215-217. Xylene (total) 

SEMI VOLATILES 
70. Bis(2-ethylhexyl)phthalate 
81. ortho-Cresol 

121. Naphthalene 
142. Phenol 

METALS 
156. Barium 
158. Cadinium 

Design and Operating Parameters 

No data were submitted. 

Untreated Waste• 
TCLP 
mg/L 
(ppm) 

<0.025 
0.03 

<0.05 

0.012 
0.02 
0.01 
0.08 

1.3 
0.02 

Treated Waste 
TCLP 
mg/L 
(ppm) 

O.OOH 
0.01 
0.02 

NA 
NA 

BDL 
NA 

0.5 
BDL 

*The untreated waste is the thermally dried plate filter cake from plant H 
generated from treatment of a mixture of K051 and K052 at plant E. 

••value was reported as 0.00. 

+Analyses were not performed for all BOAT List organic and metal 
constituents. 

BDL = Below detection limit; detection limit was not reported. 

NA : Not analyzed. 
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(g) CEMENT, FLY ASH, AND LIME STABILIZATION (Specific Waste Codes Not 
Reported) 

Detected BOAT List Constituents+ 

VOLATILES 
4. Benzene 

43. Toluene 
215-217. Xylene 

SEMI VOLATILES 
121. Naphthalene 
141. Phenanthrene 

METALS 
155. Arsenic 
156. Barium 

Design and Operating Parmeters 

No data were submitted. 

Untreated Waste• 
TCLP 
mg/L 

(ppm) 

1.50 
2.5 
1.8 

0. 1 
BOL 

SOL 
1.0 

Treated Waste 
TCLP 
mg/L 

(ppm) 

. 01 
0. 13 
0.39 

o.oo•• 
0.01 

0.02 
1.2 

tti'he untreated waste is the belt filter cake from plant C generated from 
treatment of petroleum refinery wastes (the specific waste codes were not 
reported). 

••value was reported as 0.00. 

+Analyses were not performed tor all BOAT List organic and metal constituents. 

BOL = Below detection limit; detection limit was not reported. 
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(h} CEHEN'l', LIME, AND FLY ASH STABILIZATION (K051 and K"052} 

Detected BOAT List Constituents+ 

VOLATILES 
4. Benzene 

43. Toluene 
215-217. Xylene (total) 

SEMI VOLATILES 
121. Naphthalene 
141. Phenanthrene 
142. Phenols++ 

METALS 
155. Arsenic 
156. Barium 

Design and Operating Parameters 

No data were submitted. 

Untreated Waste• 
TCLP 
mg/L 
(ppm} 

0.8 
2.2 
1.4 

o. 16 
0.004 
o. 16 

o.oo•• 
0.57 

Treated Waste 
TCLP 
mg/L 
(ppm} 

0.03 
0.26 
0.59 

0. 1 
0.01 
0.07 

0.01 
1.5 

ttThe untreated waste is the plate filter cake from plant E generated from 
treatment of a mixture of K051 and K052. 

••value was reported as 0.00. 

+Analyses were not performed for all BOAT List organic and metal 
constituents. 

++The phenol analysis is the sum of phenols, cresols, and 2,4-dimethylphenol. 
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(i) SODIUM SILICATE/POZZOLANIC STABILIZATION (Specific Waste Codes Not 
Reported) 

Detected BOAT List Constituents+ 

VOLATILES 
4. Benzene 

226. Ethyl benzene 
43. Toluene 

215-217. Xylene (total) 

SEMI VOLATILES 
81. ortho-Cresol 
96. 2,4-Dimethylphenol 

141. Phenanthrene 
142. Phenol 

METALS 
155. 
156. 
158. 
159. 

Arsenic 
Barium 
Cadmium 
Chromium (total) 

Design and Operating Parameters 

No data were submitted. 

Untreated Waste• 
TCLP 
mg/L 

(ppm) 

<0.05 
<0.05 
<0.05 
<0.05 

0.89 
0.06 
0. 13 
0.05 

<0.04 
0.57 
BDL 
0.04 

Treated Waste 
TCLP 
mg/L 

(ppm) 

0.01 
NA 

0.01 
0.02 

BDL 
BDL 

0.02 
BDL 
0.05 
0.02 

"The untreated waste is the thermally dried (550°F) belt filter cake from 
plant H generated from treatment of petroleum refinery wastes (the specific 
waste codes were not reported) at plant C. 

+Analyses were not performed for all BOAT List organic and metal 
constituenu. 

BDL = Below detection limit; detection limit was not reported. 

NA = Not analyzed. 

---Data were not available for this constituent. 
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(j) SODIUM SILICATE/POZZOLANIC STABILIZATION (K051 and K052) 

Detected BOAT List Constituents+ 

VOLATILES 
4. Benzene 

43. Toluene 
215-217. Xylene (total) 

SEMI VOLATILES 
70. Bis(2-ethylhexyl)phthalate 
81. ortho-Cresol 

121. Naphthalene 
142. Phenol 

METALS 
156. Barium 
158. Cadmium 

Design and Operating Parameters 

No data were submitted. 

Untreated Waste• 
TCLP 
mg/L 
(ppm) 

<0.025 
0.03 

<0.05 

0.012 
0.02 
0.01 
0.08 

1.3 
0.02 

Treated Waste 
TCLP 
mg/L 
(ppm) 

o.oo•• 
0.01 
0.02 

NA 
NA 

BDL 
NA 

0.5 
BDL 

*The untreated waste is the thermally dried plate filter cake from plant H 
generated· from treatment of a mixture of K051 and K052 at plant E. 

••value was reported as 0.00. 

+Analyses were not perfoMDed for all BOAT List organic and metal 
constituents. 

BDL = Below detection limit; detection limit was not reported. 

NA = Not analyzed. 
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F.6 Treatment Data for Plant K (Specific Waste Codes Not Reported) 

SOLVENT EXTRACTION FOLLOWED BY STABILIZATION 
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F.6 (Continued) 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR K048-K052 MIXTURE 
PLANT K (REPORT 2) - SOLVENT EXTRACTION 

Detected BOAT List 
Organic Constituents+ 

VOLATILES 

4. Benzene 

226. Ethyl benzene 

43. Toluene 

NA = Not Analyzed. 

Untreated Waste 
TCLP 
mg/L 

(ppm) 

16 
51 
42 
9.7 
16 
20 

5.7 
12 
28 
7.5 
6.8 
8.5 

22 
33 
54 
17 
24 
30 

, 

Treated Waste 
Concentration TCLP 

mg/L mg/L 
(ppm) (ppm) 

NA 

<0.25 
<0.25 
<0.25 
<0.25 
<0.25 
<0.25 
<0.25 
<0.25 
<0.25 

NA 

<0.025 
<0.025 
<0.025 
<0.025 
<0.025 
<0.025 
<0.025 
<0.025 
<0.025 

<0.025 
<0.025 
<0.025 
<0.025 
<0.025 
<0.025 
<0.025 
<0.025 
<0.025 

<0.025 
<0.025 
<0.025 
<0.025 
<0.025 
<0.025 
<0.025 
<0.025 
<0.025 

+Analyses were not performed for all BOAT List organic and metal constituents. 
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F.6 (Continued) 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR K048-K052 MIXTURE 
PLANT K (REPORT 2) .- SOLVENT EXTRACTION 

Detected BOAT List 
Organic Constituents+ 

215-217. Xylene (total) 

SEMI VOLATILES 

57. Anthracene 

59. Benzo(a)anthracene 

NA. = Not Analyzed. 

Untreated Waste 
TCLP 
mg/L 

(ppm) 

16.3 
48 
62 

21.9 
30 
36 

<0.013 
1.2 

0.45 
5.2 

<0.4 
<1.3 

0.014 
0.78 
0.36 
4.6 

<0.4 
2.2 

Treated Waste 
Concentration TCLP 

;g/L mg/L 
,ppm) (ppm) 

<0.5 
1.9 
1.3 
7.2 

3 
4. 1 
2.9 
2.5 
4.2 
4.2 

NA 

<0.7 
<0.7 
<0.7 
<0.7 
<0.7 
<0.7 
<0.7 
0.8 

<0.7 

<0.05 
0.071 
<0.05 
0. 153 
0.089 
o. 132 
0. 161 
o. 118 
0. 185 
o. 185 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

+Analyses were not performed for all BOAT List organic and metal constituents. 

F-29 



F.6 (Continued) 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR K048-K052 MIXTURE 
PLANT K (REPORT 2) - SOLVENT EXTRACTION 

Detected BOAT List · 
Organic Constituents• 

SEHIVOLATILES (Continued) 

62. Benzo(a)pyrene 

70. Bis(2-ethylhexyl)phthalate 

80. Chrysene 

NA = Not Analyzed. 

Untreated Waste 
TCLP 
mg/L 

(ppm) 

<0.013 
0.51 
0.21 

3.5 
<0.04 

1.5 

<0.013 
<0.2 
<0.2 

<3 
<0.04 
<1.3 

0.028 
1.3 
0.5 
6.3 

< 1.2 
3 

Treated Waste 
Concentration TCLP 

mg/L mg/L 
(ppm) (ppm) 

<0.6 <0.01 
<0.6 <0.01 
0.6 <0.01 

<0.6 <0.01 
<0.6 <0.01 
<0.6 <0.01 
<0.6 <0.01 
<0.6 <0.01 
<0.6 <0.01 
<0.6 <0.01 

1. 7 <0.01 
<1.6 <0.01 
< 1.6 <0.01 
< 1.6 <0.01 
< 1.6 <0.01 

1.8 0.047 
< 1 . 6 <0.01 
< 1.6 <0.01 
< 1.6 <0.01 

NA <0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

+Analyses were not performed for all BOAT List organic and metal constituents. 
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F.6 (Continued) 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR K048-K052 MIXTURE 
PLANT K (REPORT 2) - SOLVENT EXTRACTION 

Detected BOAT List 
Organic Constituents+ 

SEMIVOLATILES (Continued) 

96. 2,4-Dimethylphenol 

121. Naphthalene 

141. Phenanthrene 

NA = Not Analyzed. 

Untreated Waste 
TCLP 
mg/L 

(ppm) 

0.061 
<0.3 
<0.2 
<3.0 
<0.4 
< 1.3 

0.47 
4.2 
2.5 
28 
3.2 
7.3 

0.25 
4.7 
2.5 
4.6 
8.9 
24 

Treated Waste 
Concentration TCLP 

mg/L mg/L 
(ppm) (ppm) 

NA 

7.8 
18 
6.6 
8.5 
8 

16 
14· 
18 
5.3 

NA 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

0.021 
0.084 
0.023 
0.022 
0.046 
0. 11 
0. 1 
0.058 
0.05 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

+Analyses were not performed for all BOAT List organic and metal constituents. 
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F.6 (Continued) 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR K048-K052 MIXTURE 
PLANT K (REPORT 2) - SOLVENT EXTRACTION 

Detected BOAT List 
Organic Constituents+ 

SEMIVOLATILES (Continued) 

142. Phenol 

145. Pyrene 

NA = Not Analyzed. 

Untreated Waste 
TCLP 
mg/L 

(ppm) 

0.017 
<0.3 
<0.2 
<3.0 
<0.4 
<1.3 

0.051 
1.5 

0.65 
9.4 

1. 7 
4. 1 

Treated Waste 
Concentration TCLP 

mg/L mg/L 
(ppm) (ppm) 

NA 

NA 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

+Analyses were not performed for all BOAT List organic and metal constituents. 

F-32 



F.6 (Continued} 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR K048-K052 MIXTURE 
PLANT K (REPORT 2) - SOLVENT EXTRACTION 

Untreated Waste Treated Waste 
TCLP Concentration TCLP 

Detected BOAT List mg/L mg/L mg/L 
Organic Constituents+ (ppm} (ppm) (ppm) 

METALS 

154. Antimony NA 15 NA 
22 
19 
27 
22 
11 
10 
10 
18 

155. Arsenic <0.03 9.8 0.008 
0.01 11 0.028 
<0.03 10 0.022 

BDL 13 0.026 
<0.8 8.8 0.018 
<0.03 12 0.024 

12 0.024 
10 <0.056 
14 <0.006 

156. Barium 1.4 810 < 1 
,. . 8 800 < 1 
1.4 990 < 1 
5.3 1,300 < 1 
2.3 940 1 
3.4 880 < 1 

800 <, 
760 <1 

3,200 < 1 
NA = Not Analyzed 

+Analyses were not perfonned for all BOAT List organic and metal constituents. 

BDL = Below detection limit; detection limit was not reported. 
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F.6 (Continued) 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR K048-K052 MIXTURE 
PLANT K (REPORT 2) - SOLVENT EXTRACTION 

Untreated Waste Treated .Waste 
TCLP Concentration TCLP 

Detected BOAT List mg/L mg/L mg/L 
Organic Constituents+ (ppm) (ppm) (ppm) 

METALS {Continued) 

157. Beryllium NA 0.2 NA 
0.4 
0.3 
0.3 
0.4 
0.3 
0.3 
0.3 
0.3 

158. Cadmium NA 1.3 NA 
1.4 

<0.8 
1.0 
1 • 6 
1. 1 
1.9 
1.2 
1.9 

159. Chromium o. 12 590 <0.05 
2.4 610 <0.05 
1. 7 650 <0.05 
14 820 <0.05 
5.9 620 <0. 0.5 
10 650 <0.05 

570 <0.05 
550 0. 11 
820 <0.05 

NA = Not Analyzed 

+Analyses were not performed for all BOAT List organic and metal constituents. 
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F.6 (Continued) 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR K048-K052 MIXTURE 
PLANT K (REPORT 2) - SOLVENT EXTRACTION 

Untreated Waste Treated Waste 
TCLP Concentration TCLP 

Detected BOAT List mg/L mg/L mg/L 
Organic Constituents+ (ppm) (ppm) (ppm) 

METALS (Continued) 

161. Lead NA 31 NA 
42 
27 
36 
21 
37 
28 
39 

162. Mercury NA 1. 5 NA 
2.2 
1.8 
2. 1 
2.0 
2.5 
2. 1 
1.0 
2.0 

163. Nickel <0.08 58 0.8 
o. 16 51 <0.2 
o. 12 41 <0.2 
0.27 45 <0.2 
o. 13 56 0.2 
<0. 13 50 <0.2 

43 <0.2 
42 0.7 
53 0.6 

NA = Not Analyzed 

+Analyses were not performed for all BOAT List organic and metal constituents. 
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F.6 (Continued) 

TREATMENT PERFORMANCE DATA SUBMITTED BY INDUSTRY FOR K048-KOS2 MIXTURE 
PLANT K (REPORT 2) - SOLVENT EXTRACTION 

Detected BOAT List 
Organic Constituents+ 

METALS (Continued) 

164. Selenium 

167. Vanadium 

Design and Operating Parameters 

No Data were submitted. 

NA = Not Analyzed 

Untreated Waste 
TCLP 
mg/L 

(ppm) 

NA 

NA 

Treated Waste 
Concentration TCLP 

mg/L mg/L 
(ppm) (ppm) 

<0.4 
<0.4 
<0.4 
<0.4 
<0.4 
2.1 
3. 1 
2.3 
1.6 

30 
43 
34 
36 
40 
34 
34 
30 
36 

NA 

NA 

+Analyses were not performed for all BOAT List organic and metal constituents. 
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F.7 Treatment Data for Plant L ( K05 l) 

SOLVENT EXTRACTION 

Untreated Waste Treated Waste 
Detected BOAT List K051 Concentration Solids Concentration TCLP 
Organic Constituents mg/kg (ppm) mg/kg (ppm) mg/L (ppm) 

VOLATILES 
4. Benzene <25 <0.5 

226. Ethyl benzene 56 <0.5 
43. Toluene 170 0.61 

215- Xylene (total) 390 0.57 
217. 

SEMIVOLATILES 
57. Anthracene <10 <6.60 
59. Benz(a)anthracene < 10 13.0 
62. Benzo(a)pyrene < 10 12.0 
63. Benzo(b)fluoranthene < 10 9.3 
80. Chrysene 14 34.0 
81. o-Cresol < 10 <6.60 
82. p-Cresol < 10 <6.60 
98. Di-n-butyl phthalate < 10 <6.60 

109. Fluorene 1 1 <6.60 
121. Naphthalene 97 14.0 
141. Phenanthrene 70 8.3 
142. Phenol < 10 <6.60 
145. Pyrene 24 16.0 

Detected BOAT List Metal 
and Inorganic Constituents 

METALS 
155. Arsenic <0.03 
159. Chromium (total) 0.21 
163. Nickel 2.0 
164. Selenium <0.2 <0.04 
168. Zinc 65 

INORGANICS 

169. Cyanide <0.5 <4 
171. Sulfide 120 

---Data were not available for this constituent. 
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F.8 Treatment Data for Plant N 

PYROLYSIS 

Treated Waste 

Detected BOAT List Constituents+ 

VOLATILES 
4. Benzene 

226. Ethylbenzene 
43. Toluene 

215.- Xylene (total) 
217. 

SEMI VOLATILES 
57. Anthracene 
80. Chrysene 
81 . o-Cresol 
96. 2,4-Dimethylphenol 

108. Fluoranthene 
121. Naphthalene 
141. Phenanthrene 
142. Phenol 
145. Pyrene 

METALS 
154. Antimony 
155. Arsenic 
156. Barium 
157. Beryllium 
158. Cadmium 
159. Chromium 
161. Lead 
163. Nickel 
164. Selenium 
165. Silver 
167. Vanadium 

NA Not applicable. 

Untrea.ed 
Waste 
mg/kg 
(ppm) 

180 
390 

1,300 
1,890 

7.6 
15 

15.6 
2.3 

ND 
360 

70 
7.7 

12 

6.8 
54 

<1 
420 

39 

<0.8 

--- Data were not available for this constituent. 

Total 
Concentration 

mg/kg 
(ppm) 

<0.002 
<0.003 

0.01 
<0.003 

<2 
<80 
0.2 

ND 
0.02 

<8 
<4 
ND 
ND 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

+ Analyses were not performed for all BOAT List organic and metal 
constituents. 

TCLP 
mg/L 
(ppm) 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

<O. 1 
<O. 1 
<0.6 

<0.002 
<0.01 

1.3 
<0.04 
0.08 
<0.6 

<0.006 
0.006 

ND Not detected; a detection limit was not given for this constituent. 

•The untreated waste is a mixture of K048, K049, and K051. 
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F.9 Treatment Data for Plant 0 <K049 and K051) 

SOLVENT EXTRACTION 

(These data ~ere submitted too late for consideration and are included here as 
submitted to the Agency.) 
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---··-----

Client: C.F. Systems 
46 Acorn Park 
Carrbricqe, Maryland 02140 

At~n: Ms. Karen Shaw 

Volatnes 

Benzene 
Toluene 
Xylenes (Total) 

EJltractables 

Ac:enaphthen• 
Anthracene 
Benzo(a) pyrene 
8fs(2•ethylheJtyl)phthalate 
Chrysene 
ortho-C re so 1 
par-a-Cr-esol 
Oi•n•butylphthalate 
2,'+•0fmethylphenol 
Fluor-en• 
Naphthalene 
Phenanthrene 
Phenol 
Pyr-ene 

HD • Not Detected 

--- -------- - - -

AC! !NC. LABCRA TORY : l '11 S lCN 

.. 

SAMPLE RESULTS SU"'1ARY 
(All results reported in mq/kq as received) 

Oitch Skim Sl 22 Ofl 
Feed Slurry Feed Slurry 

Q.lli ...2!!L 22!! ~ 

5.6 0.29 
28.9 1 .'+6 
55.2 3.36 

ND ND ND ND 
ND ND ND ND 
ND ND ND ND 
ND ND ND o.2s 
ND ND ND ~ 

ND tt). ND ND 
ND ND ND ND 
ND ND ND 0.25 
ND ND ~ ND 

9.3 ND ND NO 
16.S ND 15.8 0.25 
11.& ND 9.8 0.38 

ND ND ND ND 

S.9 HD ... s 0.33 

~l~ enftiA. Edqorley 

F-40 

Date: G7.'~:.;~: 

API 
Feed Slurry 

J2!!L 0968 

133. 7 0.09 
59 .'+ 0.0'+ 

1066. 0.34 

ND NO 
ND NO 
ND NO 

17.8 1 . 12 
17.7 0.28 

ND ND 
NO NO 
ND NO 
ND ND 

133.0 NO 
i.31 .o NO 
205.0 0.26 

HD NO 
30.'+ 0 .19 



- -·---------------- -------- --- -------. - - ---·-

ACZ I NC • /LA 8 0 RAT 0 RY D I V. I S I CJ I'·~ 
ORGANICS ANAL~SIS 

Cl1er.t: CF SYSTEMS 
Sample I.O.: ~l FEED OlTCH SKIMMER 
Sample Date: 07/08/88 

0-3 t" 
Date 

Lab No. ·=-
Rer:"Lv~~= 1J;-.-:; 
Re ::i o r t e c : 0 ':" .· ~ - . · 

Met~od 32?0 GC/MS E~tr3c,,ble, 
Datafile: >87102 7/lJ/88 20:19 

Detection Limit: 9.2 mg/kg 

8a:ie/Neytr-al:e 
l. Acenapl"'I t l"'lene 
2. Ant l"'l racene 
J. 8en%oCa>pyrene 
4. BisC2-etl"'lyll"'lexyl)pl"'lthalate 
c;, Ch,.ysene 
6. Oi-n-butylphthalate 
7. Fluorene 
8. Napl"'I t ha l ene 
9. Phenanthrene 

10. Pyrene 
11. 2,4-0imethylphenol 
12. 2-Methylphenol CHSL> 
1J. 4-Methylpheno l CHSL> 
14. Pheno 1 

F-41 

Amoyn~ mg·"kg 
rio 
NO 
NO 
NO 
NO 
NO 
9.J 

16. c; 
19.6 

c; • 9 
NO 
NO 
NO 
NO 



ACZ INC./LASORATORY DIUISION 
ORGANICS ANAL~SIS 

Client: CF SYSTEMS 
Sample [.0.: ~2 RAFF[NATE DtTCH SKtMMER 
Sample Date: iJ7/Q8/88 

Lab No. SC<:=-:: 
C~~e Rei:eived: 1)7.·;·:: ·:: 

Date Reported: 07,·:~. 

Method 827Q GC/MS Ex'r~c•jb\~5 
Datafile: >87103 //lJ/88 21:22 

Detect ion Lim1 t: 7. J mg/kg 

Sa~e/Neytral:, 

l. Acenaph t: hene 
2. Anthr-acene 
3. 8enzo<a>pyr-ene 
4. 81s<2-ethylhexyl>phthalate 
c;. Cnr-ysene 
6. Oi-n-butylpnthalate 
7. F'luor-ene 
8. Naphthalene 
9. Phenanthr-ene 

l 0. Pyrene 
11. 2,4-0imethylphenol 
12. 2-Methylphenol CHSL> 
13. 4-Methylphenol CHSL> 
14. Phenol 

Amoynt mg-'kg 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

(T~PTCF 



ACZ INC./.LASORATORY DIUI~ION 
ORGANICS ANALYSIS 

Client: CF SYSTEMS Lab No. SO/a-:-:::; 
Date Received: 07/:.2/~~ 

Date Reported: 07/:.-,..·:; 
Sample r.O.: SLURRY - SLOP OrL TORONTO 
Sample Oat~: ---

Method 8240 ~urge 'nd Tr~c ~C/MS 
Datafile: >87023 //l)/88 J:J7 

Detect ion Limit.: 0. 02 mg/kg 

Pyrgeable~ 

l. Benzene 
2. Toluene 
3. Total Xylene~ <HSL) 

F-43 

Anloynt mg/kg 
0.29 
l. 46 
J.36 

, •• --i ...... (7RPTVX "ot/ :l ·: . 



·--------··---- ----·--

.ACZ INC./LABORATORY DIVISION 
ORGANICS ANALYSIS 

Client: CF SYSTEMS 
Sample r.D.: SLURRY - SLOP OlL TORONTO 
Sample Date: ---

Lab No. 
Oate ~ei:e1ved: 
0'3te Repol"ted: 

Oa t a f i l e : > 8 711 0 
Detection Limit: 

//14/88 c;::Ql 
0.20 mg/kg 

8~:ae/Neutral:e 
l. Aeenaph t hene 
2. Ant ti r-aeene 
3. Benzo <a) pyr-ene 
4. 8i5C2-ethylhexyllphthalate 
c;. Chr-ysene 
6. Oi-n-butylphthalate 
7. Fluor-ene 
8. Naphthalene 
9. Phenanthrene 

10. Pyrene 
11. 2,4-0imethylphenol 
12. 2-Me thy lpheno 1 CHSL > 
lJ. 4-Methylphenol. CHSL> 
14. Ptieno 1 

F-44 

Amoyn~ mg-'kg 
ND 
NO 
NO 

0. 25 
NO 

0.2S 
NO 

0. 25 
0.38 
0.33 

NO 
NO 
NO 
NO 

·"I-."·""" 
U//•~·· -



---- -----

ACZ 

--------- ---

INC./LASORATOR~ DIUISION 
ORGANICS ANALYSIS 

Client: CF SYSTEMS Lab No. SG/'J~-: :S 
D.:i~e Rece1v"!d: 1)7-'i.2-':3·3 
Date Reported: Q7/l~/S3 

Sample r.D.: FE~D-SLOP OIL TORONTO 
Sample Date: ----

r1o:~t-tg1 8'2~0 p,J,..9'= ~n? r,..~ 0 ;;;c,-~~s 

Datafile: >87013 //12/88 11:30 
Detection L1m1t: 2.5 mg/~g 

Purgeable' 
l. Benzene 
2. Toluene 
3. Total Xylenes CHSL) 

F-45 

An1gun t mg/kg 
?.o 

28.9 
c;c;. 2 

......... ....... ·= ~ . 



ACZ I NC. ,...-LABORATORY DIVIS I ON 
ORGANICS ANALYSIS 

Client: CF SYSTEMS !..ab i~o. ·:;: .. ·:;-:-: 

Sample I.O.: FEED-SLOP OIL TORONTO 
Sample Date: ----

Date Rece1vec:: 07-'l~ ·:~ 
Date Re;::>orted: 1)/,·:.:..·":3 

1. 
2. 
3. 
4. 
5 • 
6. 
7. 
a. 
9 • 

10. 
ll. 
12. 
13. 
14. 

Method 8270 GC/MS Extractable~ 
Datafile: >67105 //lJ/88 2J:23 

Detection Limit: 5.4 mg/kg 

Bas,/Neytrals 
Acenaphthene 
Anthracene 
BenzoCa>pyrene 
8isC2-ethylhexyl)phthalate 
Chrysene 
Oi-n-butylphthalate 
Fluorene 
Naphthalene 
Phenanthrene 
Pyrene 
2,~-0imethylphenol 
2-Methylphenol CHSL) 
4-Methylphenol CHSL> 
Phenol 

F-46 

Amg•Jnt: mg/kg 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

l c;. a 
9.8 
4. c; 

NO 
NO 
NO 
NO 

C TRPTCF ."'.' /:.:::: ' 



ACZ INC./LASORATORY DIUISIUN 
ORGANICS ANALYSIS 

Client: CF SYSTEMS 
Sample t.O.: FEED. - API MONTREAL 
Sample Date: ----

Oa ta F i le : > 8? 0 17 
Detect ion Lim i t : 4 . 9 

Py,..geab\es 
1. Benzene 
2. Toluene 
3. Tatal Xylene$ CHSLl 

F-47 

Lab No. SC/'.::-:::
Oate Rece1veo: 87.~::··~~ 

Date Repo,..teo: 07,-:.:...--.:: 

mg/\.cg 

Amgynt mg/kg 
i:n. 7 
79.4 

l IJ6o. 



ACZ INC./LABORATORY .DIVISION 
ORGANICS ANALYSIS 

Cl tent: CF SYSTEMS 
Sample l.D.: FEED - API MONTREAL 
Sample Date: ----

Lab No. ·:o/:: ·:-: .-:
Date Received: 07/::/; 
Date Repor-t~d: 07/:-.. 

Method 8~70 GC/MS Extractable; 
DataF i le: >97106 7/l4..l88 0:24 

Detection Limit: 8.2 mg/kg 

81;e/Neytr-a1, 
l. Acenaph t hene 
2. Anthracene 
3. 8enzo<a>pyrene 
4. 8i$<2-ethylhexyl>phthalate 
c;, Chry$ene 
6. Oi-n-butylphthalate 
7. Fluor"ene 
9. Naphthalene 
9. Phenanthrene 

10. Pyrene 
ll. 2,4-0imethylphenol 
12 • 2 - Me t h y l p hen a l C HSL > 
13. 4-Methylpheno 1 CHSL> 
14. Phenol 

F-48 

Amo•Jn t mg/kg 
NO 
NO 

· NO 
17.8 
17.7 

NO 
lJJ.O 
431. 0 
2oc;.o 
J0.4 

NO 
NO 
NO 
NO 

CTRPTCF //88: _ 



ACZ 

______ .. _ - . ----- ~ . ----

I NC • ./LABORATORY'. DI lJ IS I Of'~ 
ORGANICS ANA~YSIS 

Client: CF SYSTEMS Lab No. SG...-Q9~ . .; 
Date Received: tl//12•·;: Sample I.D.: SLURRY-AP[ MONTREAL 

Sample Date: ----

Datafile: >87022 
Detection Limit: 

Pu l"'geab 1 es 
1. Benzene 
2. Toluene 

Date Repol"'ted: u//l~·"S:3 

//12/88 19:12 
0.02 mg/kg 

Amoynt mg/kg 
0.09 
0.04 

3. Total Xylene!t CHSL) 0.34 

F-49 

( TRPTIJX .. , : .: . 



ACZ INC./LASORATORY DIUISION 
ORGANICS ANA~YSIS 

Client: CF SYSTEMS 
Sample r.D.: SLU~RY-API MONTREAL 
Sample Date: ----

L3b No. SC/::=-:: 
Date ReceLved: 07/:: 
Oat e Rll? po r ~. ie ~ : 1)-;' ~ - . 

M~t~od 8270 GC/MS Extractable, 
Datafile: >87112 //14/88 9:ac; 

Detection Limit: 0.28 mg~kg 

81;e/Ne•Jtr1 l; 
l • Ac en a p h t hen e 
2. Anthr-acene 
3. 8enzoCalpyrene 
4. 8isC2-ethylnexyllphthalate 
c;. Chrysene 
6. Oi-n-bwtylphthalate 
7~ Fluorene 
8 . Nap h th a l en e 
9. Phenanthrene 

10. Pyrene 
11. 2,4-0imethylphenol 
12. 2-Methylphenol CHSL> 
13. 4-Methylphenol CHSL> 
14. Pneno l 

F-50 

Amo•.JM t mg/kg 
NO 
NO 
NO 

l.12 
0.28 

NO 
NO 
NO 

0.26 
0.19 

NO 
NO 
NO 
NO 



i:; I) 
7r:; 
9i:; 

96 
l.73 
17~ 

l/? 
176 
177 

l~O; 

lZQi 
soo-1 

40~ 
~ 

·---------------------------------· ACZ INC., L-3oorr.i~~r";J 01v1:s ion 

·---------------------------------· 
8romofluorobenzene t2F8) 

[on Abundance 
Criteria 

----------------------------------
ti:--~0% of mass 9' 
30-60% of mass 9? 
ea~e peak, 100% rel~tiv~ abundance 
5-~" of mass 9? 
L~~3 th~n 2% of mass 174 
Greeter than 50% of ma$~ ~5 
?-~% of m~ss 174 
9i:--lOl" of mass 174. 
r;-·~% of mass 176 

"' Petat1ve 
Base 
Peak 

----------22.32 
47.7? 

:aa. 110 
8.71 
Q. I) I.) 

o9.1c; 
4.90 

67.SS 
4. ·~o 

Inject1on Cate: Q//12/S8 
In1eet.ion Time: OS:lS 

0.Jta F'ile: >8709~ 
Sean: 115 

r, L.c:;. ... ., • '> ~ ... ...... 1 :-
, ''- • U I .._i "-

' )'81cr7 

Abundani:e 
Appropr1a~e 

Fleak ·: ~ -:: ': ·...; = 

---------- -------
22.32 .... , 

1_,,; 

47. c;::; c:.. 
100.00 I .. ', 

-~ 

8./l (""'. _,. 
0. QI) ..... 

._,...: 

69.1~ c .. 
7.09 Qi. 

98.16 oi. 
7.22 01< 

Ooo'~----.... ._ .... ~ .... ....:::;.,.. ...... _.. .... ._ .......... __,_..._., ..... .....;;::a.,..._::::j;:::;.~ .......... .,, 
'·~ 5., !~a ,,o '·' 

I '°: 19 .9;.~i;::: 
I :~1c CC' :.e'!'~ 

I 
I 
l 

1 .. """' • o •• l , 

F-51 

1•'"•' .. 
1:"4 a~ 

I 

I' ·o 

0 

I .::•J 
1J 

" 10:<.' 



·---------------------------------· .....,~_, .... -.. 
/ ...J I·- - -

·---------------------------------· 

8romofluoroben:en-. C8F8) 

., F-e la r: ive Abunr:~nce ,, 
ron Abund.3nce s~se Apprr:icr une 

m/: C.:- 1 t I! r 1 a P1!-!k ?~dk ----- ---------------------------------- ---------- ----------c; 0 li:;-40% of mass 97 21.?-6 
,5 30-60% oF mass 9? 46.25 
?5 Base 1=1eak, 100% 
96 '5-9'' of mass 9? 

1/3 Less than 2~, o~ 

174 Great el"' than c; o~~ 
1 ?':' ?- ';I% of mas.!! 174 
176 95-101% of mass 
17' 5-9% of m~s~ 176 

1601 
1201 

80 

relative -!bundance l I) I). 00 
6. 56 

ma~s 174 0.1)1) 

oF mass 9') 73.40 
c;. ;:'9 

174 .7:.63 
c;. 40 

Injection Date: 07/12/58 
Injection Time: 23:59 

Oat a Fi le: >8.708,.. 
Scan: ll6 

(\ ·o 

) 
I ' I I I I I I I I I I I I I I I I I I I I 4 I I 0 I I I I I I i $ I ' 0 • 

s.• ~·' ~.a '·o •.2 6.4 '·' 6.J ~.~ 7.~ 
~ale ~&i~B~ 50 n9 &rB 
BC)k Ab 1s:s 

:"5 
8•)C I 

~ i;ci I 
~"1, .. -··· !)::: I 

\, 3i 
I. 'I I ·' I ~I: ,. Ill I ..• Ill, , , . 11 . ,;if. 

~oJ 

l 1.&l si06.?+-03 OIR£CT ZN-Jt-:r ;.:&n 11.:. 

lC'I.' 

' '• 

l . n 
.:. -

l "'·"· -" 

F-52 

l~ .-

6. 30 ta l n, 

-"' ~10·~ I 11 .• 
I o•J . 

! I -· .-. ! I ~ .,. 
I; i ... ,,. 

II ~'° 
: : •· 

"""' . ~ , ....... ~ 
.:.8.2:= 

l (J :J • 1) i) 
. ~. 
~ .. 0 

1) • !J 1) 

7~.~o 
-; . 3'? 

9~.9i; 

7.4"4 

':t:~..;~ 

--------· ·-~· c:, 
1'"'• 
·~lo<. 

c:.._ 
·""'• :~,.. 

,...., 
l..J .. 

·'"'• ;""'K 

Oi.< 
()k 



Title: Cr.!.!~. "871' FCR VOA ~'r'SIS (Qi'-11-aa1 
· Gllibrated: 880711 09:08 

Files: >870u2 >87001 >87003 >87004 >87005 
Rf RF RF ~ RF 

Co11pound 20.00 SO.DO 80.00 120.00 160.00 ~T % RSi) 
------------------------------ ------- ------- ------- ------- ------- ------- ------- -------
Chloroniethane 
8ro111011ethane 
Vinyl ch !or ic!e 
Chloroethane 
Methylene chloride 
Mc:etone <HSU 
Glrbon disulfide CHSLl 
1,1-0ichloroethene 
l,1-01chloroethane 
trans-1,2-0ichloroethene 
Ollorofor• 
l,2·0ichloroethane-d4 · 
1,2-0ichloroethane 
2-Sutanone CHSl.l 
1,1,1-Tr1chloro1thane 
C.rbon tetrachloride 
Uinyl acetate CHSl.l 
8romodichlora .. than1 
1,2-0i"ch loropropan1 
trans-1,J-Oichloropropene 
Trichloroethen1 
Oibro1111chloro .. than1 
1,1,2-Trichloroethane 
Benzene 
c1s-l,J-Oichloropropene 
2-0tloroethy1~1nylether 

Brom for• 
2-HeHnone CHSl.l 
4-ftethyl-2-pentanone CHS1.l 
Tetrachloroethene 
1,1,2,2-Tetrachloroethane 
Toluene 
Toluene d-8 <SS> 
Chloro!lenzene 
Ethylbenzene 
Styrene CHSL> 
Total Xylenes CHSl.l 
Bro.,fluorobenzene CSS> 

.96742 1.14247 1.09408 1.102~ 1.12179 

.35894 .23309 .26J45 .2~99 .2650S 
2.74096 J.10170 J.01249 2.92456 2.7?233 
.948J4 1.065J8 1.07393 1.08226 1.06749 

2.s2011 2.~16 2.87867 2.82165 2.78899 
1.04217 1.25109 1.22397 1.24939 1.18928 
2.35834 2.62591 2.72027 2.70J10 2.70481 

.07239 .0~40 .0~39 
1.54366 1.70039 1.71787 1.74572 1.74Sl5 
.09'J4 .07701 .08160 .08836 .08805 

1.57447 1.80242 1.80954 1.81565 1.81663 
1.38J1S 1.61950 1.617'9 1.61832 1.605'3 

• 1J60J .1~ .12981 .1J116 
2.398~ 2.59629 2.~905 2.77269 2."991 
.4m4 .43696 .40186 ·.3st47 .1m4 
.37120 .316'3 .30109 .26969 .2J815 
·""' .J2S56 .28m .25473 .22364 
.36942 .J66J7 .32421 .29188 .26137 
.29858 .2"32 .24107 .21606 .18802 
.80861 .7826' .70156 ·.uoo5 .53265 
.58813 .57115 .50894 .44818 .J9S81 
.2S174 .21009 .18160 .16200 .14083 
.304S7 .29911 .2S"2 .2,822 .21160 
.OJ144 .0,284 .OJ2'9 .034'85 .03459 
• Ol6J7 .81,-SI .0178J .01944 .0196J 
.3518, .42Jl7 .424'6 .41626 .42,62 
.66407 .69619 .69442 .71284 .70581 
·""' .711J9 .71'9' .7069' .~8 
.90762 1."228 l.13514 1.09895 1.052'6 
.798J9 .9J214 ,,4525 .928" .9J860 
.J458J .4221J .42528 .42056 .42677 
.77~J .921°' .9}690 .92187 .9J400 
• 44133 .52389 .S2985 .51771 ,;2294 
.71915 .85Sl1 .90157 .87906 .84667 

.609 l. 08S70 

.722 .279JO 

.802 2.91041 

. 961 l. 04748 
1.107 2.75692 
1.204 1.19118 
1.26' 2.62249 
1.J;; .074}9 
1.J57 1.690S6 
1.366 • 08607 
1.503 1.76374 
1.547 1.56886 
1. 597 .13146 
1.612 2.'6129 
.844 .38982 
.9'4 .299" 
.896 .28SJ2 
.922 .32265 
.9'1 .24J41 
.927 .68710 
.860 • S024' 
.999 .18925 

1.073 .26224 
• 906 .03310 
.979 .01815 

.99J ·""' 
.9M ·""' 1.0ff .68414 

1. 047 1. 05327 
1.107 . 90669 
1.192 . 40811 
t.JJ9 .89m 
1.J86 .50715 
1.285 .84015 

6.327 
16.929 <Conc•50.0,125.o,:~o.o,;::.:. 

;,79; CConc•50.0,125.o,:n.a,:::.:. 
5.328 
S.015 
7 .J02 
S.803 
2.3'7 
4.988 
8.156 <Conc•SO.o,12s.o,200.o,Joa.:. 
6.008 
6.6Z7 
2.426 <Conc•So.o,12s.o,200.o,Jay.: . 
6.212 

lS.'90 
16.776 <Conc•15.2,JB.0,60.a,91.2,::: 
16.464 
14.539 
18.096 
16.894 
16.l]I; CConc•27.2,6B.0,108.S,l6i.:.: 
22.858 
15.169 
4.254 CConc•S0.1,125.0,200.0,JG:.:, . 
J.S'9 <Conc•;o.o,12s.o,200.o,;a~.1 .. 
7.m 
2.686 
7.691 
a.2n 
7.327 
a.s;J 
7.69J CConc•50.0,125.0,200.J,;::. 
7.J05 <Conc•;o.o,12;.0,200.a,J::.: . 
8.442 

------·----------------------- ------- ------- ------- ------- ------- ------- ------- -------
RF • Resaonse Factor <Subscript 1s 1munt in Hli> 

RRT · ~ra9e Relative Retention Ti .. CRT Std/RT !std) 

RF - Average Response ~actor 

~ - Percent Relative Standard Oev1at1on F-53 
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iitle: Ci11..IaQ. •g71· rUR IJCA ~Al..YS!S (Q/-11-asi 
Calibrated: 680711 09:08 

Check Standard Data File: >87012 
rn1ect1cn Ti1e: 880712 J8:J8 

Coiaccund RF '°irF Calib Meth 
------------------------------ ------- ------- ------- ----------
Chlorcmethane 
8ro110111ethane 
Uinyl chlortde 
Chloroethane 
Methylene chlor1de 
Acetone CHSL> 
Carbon disulFide CHSL.l 
l,l-Oichloroethene 
1,1-0ichloroethane 
trans-1,2-0ichloroethene 
Chlorofor• 
1,2-0ichloroethane-d4 
1,2-0ichloroethine 
2·8utanone <16.> 
l,1,1-Trichloroethane 
Carbon tetrachloride 
Vinyl 1c1t1te Cl6.l 
Sro•dichloro .. thane 
1,2-0ichloroprop1n1 
trans-1,3-0ichloropropene 
Trichloroethene 
Oibro•chloro .. thane 
1,1,2-Trichloroethane 
Benzene 
cis-1,J-Oichloropropene 
2-Chloroethylvinylether 
8ro•fora 
2-ffexanone UQ.> 
4-"8thyl·2-pent1none CHSL.l 
Tetrachlaroethen1 
l,1,2,2-Tetr1chloro1th1n1 
Toluene 
Toluene d•8 <SS> 
Chlorobenzene 
Ethyl benzene 
Styrene CHSl) 
Total Xylenes CHSl.l 
Sro•f luarobenzene <SSl 

1. 08570 1.10505 
. 279) 0 . 22578 

2. 91041 2.56)92 
1. 04748 l. 05818 
2 . .75692 2.57642 
1.19118 1.22086 
2.62249 2.61942 

.07439 .06400 
1.69056 1.64825 
.08607 .06822 

1.76174 1.84610 
1. 56886 1. 7'209 
.1114' .11991 

2.66129 2.71S6S 
. )8982 • 42190 
.299'3 .35016 
.29532 .~5604 

.J226S .40569 
• 24341 • 278°' 
.68710 .78596 
.S02'4 .5n96 
.189'25 .19841 
.26224 .33151 
. 03330 . °''19 
• 0181S • 019n 
.40796 .50126 
.69*6 .66474 
.68414 .~SJ9 

1. GSJ27 1. 13679 
• 90669 1. Ql904 
.40811 .45926 
.S9m 1.00487 
.5ons .5nss 
.S401S .93'11 

Al.le rage 
AllerttJe 
Average 
Average 

1. 78 Average 
19 .16 Average 
11. 91 Average 
1. 02 Al.leraqe 
6.S; Averaqe 
2.49 Average 

.12 Average 
lJ.97 Average 
2.SO Aver19e 

20.74 MUCJI 
4.68 Averaqe 
10~40 Averaqe 
8.79 Ml'ICJI 
2.04 Ml'ICJI 
8.74 Ml'ICJI 

16. 98 MrlCJt 
24.78 Awraqe 
2S.74 Mr191 
14.22 MrlCJI 
14. 39 Average 
14.2J MrlCJI 
4.84 Average 

26.41 Mr191 
2.68 !Mraqe 
4.92 Mr14J1 

22.87 Mr14Jt 
4.Jl Ml'ICJI 

10.41 Avtr191 
7. 92 Aver111 

14.60 !Wera9e 
12.SJ Mraqe 
11. 9J IMrlCJI 
tJ.lS Averaq1 
11.14 &Mirage 

RF - Response Factor fro• daily standard file at 50.00 Nii 

RF - Average Response Factor fro• ln1t1al C1l1br1t1on 

'llliff · \ 01fference fro• or191nal average or cur\lt F-54 

Page l of 1 
.. ~ 

<Conc•l25.00> 
<Conc•12S.OO> 

<Conc•125.00> 

<Conc•J8.00> 

<Conc•68.00> 

Ctonc•l2S.OU 
<Conc•125.00) 

<Conc•12S.OO> 
<Conc•l25.00> 



CJlt~rat1on Cleek Report 

Title: t:;.LIS~.·ail' FOR ~'CA ANt.l.YSIS (u7-ll-8Sl 
Calibrated: 68Q711 Q9:Q8 

Check Standard O.ita File: >87021 
!n1ect1on Time: 880713 01:22 

Cc11cound 

Chloro111ethane 
Bromomethane 
Vinyl chloride 
Chloroethane 
Methylene chloride 
Acetone CHSL> 
Carbon disulFide (HSl) 

1,1-0ichloroethene 
1,1-0ichloroethane 
trans-1,2-0ichloroethene 
Chlorolorm 
l,2-0ichloroethane-d4 
1;2-0icMoroethane 
2-&tanone Of5l.) 
1,1,1-Trichloroethan• 
C.rbon tetrachloride 
Uinyl acetate tHSll 
8romadichlot'G .. than1 
1,2-0ichloroprop1n1 
trans-1,J-Oichloropropene 
Trichloroethen1 
Oibro.,chloroeethane 
1,l,2-Tr1chloroethane 
Benzene 
c1s·l,J-Oichloropropene 
2-0lloroethylvinylethtr 
Brom for• 
2-Heunone CHSll 
4-ntthyl-2-pentanone CHSL> 
Tetrachlorcethene 
l,1,2,2-Tetrachloroethane 
Toluene 
Toluene d-8 <SS> 
Ollorobenzene 
Ethyl benzene 
Styrene OS.l 
Total Xylenes tHSl.J 
8ro110(luorobenzene (55> 

RF' 

l. 08570 1. 22869 
. 279'0 • 25246 

2.91041 2.60869 
l. 04748 1.15268 
2.7'692 2.71790 
1.19118 1.35961 
2.62249 2.94036 
. 074)9 • 07064 

1. 69056 1. 80386 
.08607 .092'4 

1. i'6J7' 2. 09796 
1.56886 1.95'61 

.13146 .12'9'l 
2.66129 J.06191 

.J898'l .4638, 

.299JJ .nn9 

. 28SJ2 • 4'458 

.32'l65 .Sl~4 

.24341 .Jl53G 

.68710 .8no2 

. S02'4 .65123 

.18925 .10796 

.26224 .42212 

. Ollll • OJ76'i 

. 0181' .12171 

.40796 .6M23 

.69~ .1'198 

.68414 .8467' 
1. onv 1.1,123 
.. 90669 1.19554 

.40811 .SJl'O 
• &9m t. l4st7 
.50715 .6Sl9' 
. 8401 s . 96455 

\Oiff C.lib r.eth 

Aver19e 
Aver.age 
Aver19e 
Ao.it rage 

1J .17 Average 
9.61 Avera91 

10.)i' Average 
10.04 Mra91 
1.42 Mrage 

14.14 Average 
12 .12 Awr19e 
S.04 Ml'ICJI 
6.70 Ml'l«JI 
'J. 39 Ml'a«JI 

18. 95 Ml'lfJI 
24.65 Mr.1g1 
5.74 Awr191 

15. 05 !Mrage 
18.99 l\itrag1 
32.26 IMl'lfJI 
SS.82 Ml'l«JI 
58.U Ml'l«JI 
J7.~ Mraqt 
29. 97 Ml'l«JI 
29. 61 ""'9r191 
42 • ff ""'91' ICJI 
60.93 ""°"'ICJ' 
13.01 """'• 14.06 Ml'lfJI 
48 .11 Ml'ICJI 
8.2' Ml'l«JI 

23.n IMrag• 
8.3' Awrtqe 

l\.86 Awr191 
31.21 Awraq1 
27.64 Ml'a«JI 
28. 36 Ml'llJI 
14.81 Ml'llJI 

AF • Re!pon!t Factor Fro• dally itand1rd File at 50.08 14' 

~F - ~rage Response ~actor Fro• lnitl1l C.libr1t1on 

'°•Ff • 'Oaf Ference Fro• or191nal aver19e or curve 

Page 1 of 1 F-55 

CConc•125.QOl 
CConc•l2S.OQl 

CConc•l2'.00l 

<Conc•l25. DO> 

<Conc•125.00> 
<Conc•l25.00> 

CConc• 125. 00 > 

<Conc•12S.OO> 



Ooerator IO: 858 8 :: :J -:-- : : : : : ..: -: 
Injected 31;: Output File: ~e7020: :QT 

Oai:a File: >97020:':03 D ~ l •J t 1 ~ n Fa c t c r : '.; . .. ~ .. . 
N~me: 8LANK REAGENT WATER 
Misc: 5ml~ w/ lOuL IS/SURR SHOT 7-13-88 

{ 0 F i le : t QtJ8 71 : : PS 
Ti t 1 e : [OF I LE: "8 7 l" FtJR U1JA At~AL YS ! S C 0 7- l l - 3 g ) 
Last Calibration: 850711 09:13 

Compound R.T. Sc~n:~ 

------------------------------ ----- -----
l ) •Sromochloromethane 8.26 2 l:) 
6) Methyl-.ne chloride ? . o a 126 

l c; ) 2-8utanone CHSL> 11. 2S :sa 
20> •l-Cnlorc-2-bromoprop~ne 17 .... a -~6 
30) •l,4-0ichlorcbutane 21. 39 c; .. 9 
36) Toluene d-8 <SS> 22.40 575 
41> Sramorluorabenzene CSS> 27.47 /06 

' • Compound is ISTO 

F-56 

Area Cone Unit::. 
-------- -------- -------

:: ; led c; u . a a pc:= . ~ 
8,, 1) l. l '? c::---o 
.:.02 8. 09' pos 

ta 166 l c;o.oa PPS 
81630 c;: o. a o PPS 
90;'•)2 57 ... 0 P'.=-8 
s:S72 6J. 42 PFS 

-



-----------·· -- . ·--~:------ -----·-·------ ··-· ' --- ':--"- -- " - --~ --- .s.:.: ~-=·: ·~ .. .:. .. : z :;,~:: ·: ::::=.-~ . 

I _._ ••,.-e· .. ~c1 '.tic -- .. ...... . _ _.,.,_ .... _ ........., ___________ ____ 
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l2 I ___ I t_I 
lJ I ----- _____ 1 ___ 1 
l4 I ------ ------'---' l.S I ----- ______ 1_1 
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271 ______ 1_1 
281 _____ 1 ___ 1 

291 ------ ______ 1 ___ 1 
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ACZ r:;c. 

:: C::Ce: Case ?le.: s;..s Ho.: :: c . : 

:. -- -~ ., c: c: ; ·, e 
- h -- -·-

Sa::lple No.: te'lel: { lcw·/=ed} 

I ~~·!c:::;:- ; COt~C. ·rst !nj. I CUHC. 2nd !nj. I ~ 
p.oc~~ I I I Di ff I 

c::·!:-=c:;o .. I (:-tq) I (uq/l"-1) I (uq/k.'3) I I 
·=================1=======1========~-==~1========-====1======1 

i 250 I 8508 I 8751 I 03 I 
Benzene I I I I I 

I 250 I 63:)3 I 6802 I 07 I 
To 1 uene I I I I I 

I 500 I 13878 I 14937 I 07 I 
"1 & P-Xyl enes l I I I I 

I I I I I 
_______ I I I I I 

I I I I I _______ I I I I I 

F-59 
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: il_:NE?, =C.Fir:;:: 

·--------------------------~------· 
~-- rr·1- L b ~ ,...!..:..:. ~ - • 1 -3 o ,.. a t l'"J r ') ~ ',_, L ~ , lj r-1 .. ·---------------------------------· 

DecaFluOl"'Otl"'1phenylpho$p1ne COFTPP) 

.. RO? t-! t l VO? Abundanc:O? ., 

m/z 
-----

51 
68 
69 
70 

127 
197 
198 
199. 
27c; 
365 
441 . 
442 
443 

Ion Abundance 8a$e 
Criter1-! Pe:ik 

----------~----------------------- ----------30-60" of m~ss 198 58.74 
Less than 2" or ma!.s 69 o.oo 
C r-efer-enc:e only> 6 7. ·~13 
Less tM-an 2•' .. of mass 69 .24 
40-61)% of m~ss 1'?13 44.Sl 
Less than l~ or mass 1'?8 o.oo 
Base peak, 100" r" 1! 1 a t l V'! abundane'! 11)0.00 
S-9'' or mass 198 6.41 
10-JO~' oF mass 198 l~. 67 
Gr-eater tnan l" oF mass 198 l. 24 
0-100% oF mass 443 6.92 
Gr-eater- tlian 40" oF mass 198 46.80 
1/-2~% of mass 442 9.43 

Injection Oate: 07/lJ/88 
I n j e c: t i on T i me : 17 : c; 2 

Cata Fi le: >8710~ 
Scan: JJl 

Appr-opr1ate 
P'!~k 

----------5;3. 74 
0.00 

.:i7. ?8 
. Jc; 

44. C:::t 
0 . 0 ll 

lJ0.00 
6.41 

15.67 
l. 24 

72.'J2 
48.80 
19.32 

F'd• )~;9103 so n~ OF'TPP 1 ~1 s~0409-02 OtRECT tNJCCT S~M\ 331. 
Spic Ab 10,c08 

11.000 

10000 

CJ•JOO 

acoo°1 6~ 
/ 

/ 
il)OO 

Sl. 
I 

6<'00 

~OC•" 
11 

1.., -... 
...... 

' 

ADO 11 • 911 •in • 

1
110 

100 

'fl) 

~d~ 
~ -. rv I 
~.: ·j i 

4-.:. E I 

= ~ 3 ': '• 

--------
·""• :_,,, 
1-· _: ,.., 
1'Jk 
i'' ....., .. 
.:~ 

Gk 
I"'' ..I~ 

m. 
tJk 
C::. 
Cle. 
Ck 
Ck 



:TL!NER,•OFTPP 

m/z 
-----

c;1 
68 
69 
70 

12.7 
197 
198 
199 
2?t; 
36? 
441 I 

442 
443 

:NEW 

·---------------------------------·· 
ACZ It~C., L~cr.ir-~tor-:.; OL'IL! 1•Jn 

·---------------------------------· 
Oecafluor-otr-iphenylpho~p1ne COFIPPl 

~, Rel at: i ve 
Ion Abundance 8d:.e 

Criter-1'9 P~<:lk 

---------------------------------- ----------
30-60" of mass 198 4~. ,-;-2 
Less than 2" of mass 69 0.00 
Cr-efer-ence only> 54. 27 
Less th-an 2" of mass 6,, . : a 
40-60% ar mass 1·;i13 41) • ;3 2 
Less than 1% of mc!S~ 193 0.00 
Base i:ieak, 100% ,. e l a t i "" abund<!ince l 0 IJ • i) 0 
S-9" of mass 198 6.82 
10-30% 
Greater 
0-100% 
Greeter 
17-2'" 

of mass 199 23. ~·~ 
than 1" of mass 198 2.s2 

of mass 443 lJ.56 
tnan 40~ of mass 19~ 97.44 

ot' mass 442 13.6; 

Injection Oete: 07/14/88 
Injection Time: 07:'1 

Oat a Fi le: >87104 
Sc<!!n: JJl 

Abundance 

) · .. ) """' . ' ' 
\..- I I I I 

).~711:.. 

/S/11:, 
) bit,...:: 
1e11, r 
)'3/tl~ 

Appr:opr-1ate 
P~ak. : t-= ~ •..; 5 

---------- -------
43.72 .-.. 

t...,Jl"'i. 

o. o a c:.... 
?4.27 r• .... ><. 

.36 G~ 
40. :32 ...... 

·-><-
o.oo or... 

li)l).00 iJk 
6.32 oic 

23. 49 Oi.<. 
2. 52 Ok 

72.74 Ok 
9:;".42 Ok 
1.9.14 Ok 



·---·--·--···. ·- - - - ·- - .. 

Title: Sase~eutralti:cid Extractables (Priority Pollutantsl 
Calibrated: 880202 14:46 

Files: >81108 >81109 >91110 >81111 >91112 >81113 >81114 
~ ~ ~ ~ ~ ~ ~ 

Co111pound 20.00 ;o.oo 80.00 120.00 160.0.0 240.00 J20.oo ~- .... . __ ,. __ . 
------------------------------ ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- -·-----
2-Fluorophenol 
Phenol-d5 
Phenol 
bisC-2-Chloroethyl>Ether 
2-Chlorophenol 
l,3·0ichlorobenzene 
1,4-0ichlarobenzene 
Beni'J'l Alcoha l 
1,2-0ichlarobenzene 
2-Methylphenol 
b1s<2-Chloroisopropyllether 
4-Methylphenol 
H-Hitroso-Oi·n-propyla•ane 
Hexachloroethane 
Hitrobenzene-d5 
Hitrobenzene 
lsophorone 
Oec1fluorobiphenyl 
2-H it ropheno I 
2,4-0i .. thylphenol 
Benzoic Acid 
bis<·2-Chloroethoxy>"8thane 
2,4-0ichlorophenol 
1,2,4-Tr1chlorobenzene 
Hiphth1lene 
4-0I loro1n i I ine 
Hex1chlorobutadiene 
4-Chloro-J-.. thylphenol 
2-l1ethylnaphth1lene 
He11chlorot)Clopentad1ene 
2,4,6-Trichlorophenol 
2,4,S-TrichlorophlllOl 
2-Chloronaphth1ltftt 
2-Fluorob1phenyl 
2-Hitroani I 1ne 
Oi .. thyl Phth1l1t1 
Acen1phthylen1 

1.12159 1.19401 1.22937 1.21271 1.23062 1.2;197 1.26443 
1.80200 1.78797 1.79632 1.74157 1.71336 1.68962 1.63237 
l.67039 1.66914 l.6336J 1.;9i89 i.;1112 l.53431 1.4843; 
1.60909 1,;94;2 l,573;7 1.;2102 1.41079 l.42959 1.397a0 
1.30174 1.28846 1.24460 1.22158 1.18258 1.16033 l.13220 
1.34232 1.36689 1.29513 1.29138 1.29266 1.26734 l.26387 
1.43307 1.41500 1.38404 1.35387 1.34290 l.31226 1.29933 

1.39393 1.37232 1.34262 1.31235 1.29369 1.26196 1.25707 

.23678 .25432 .24011 .2lSl4 .221c;2 .22389 

1.19564 1.22939 1.22957 1.1824' 1.19253 1.23293 1.21616 
.63418 .62111 .61599 
.51578 .5459' .52768 .54281 .51m .SJ697 .52496 
.47272 .4950J .4,,'4 .4'971 .48129 .4'S20 .45988 
.8'144 .89361 .8,,88 .8699' .864" .8'9SJ .80'88 
.40522 • 409'8 • 38904 .1aru .36514 .34847 .32120 
.2014' .21398 .212'6 ·.21222 .21597 .21775 .21811 
.28010 .29508 .27450 .27248 .26516 .26039 .24942 

.55'94 .57015 .566" .~291 .S60SJ .53899 .52'65 

.26012 .30301 .28816 .294'3 .289S5 .29306 .28"9 
,J,,02 .Ji'296 .35489 ·.34194 .31652 .32546 .H748 

1.21427 1.23128 1.164'2 1.14153 1.11034 1.05425 1.02684 

.2328' .234'8 .2224' .219" .21280 .20019 .18747 

.3120! .36425 .mn .34'51 .• 360'3 .3641J .36168 

.2396' .2'368 .3"70 .30307 .'1027 .31417 .30496 

.40111 .42971 .41613 .40551 .418'2 .l9124 .3'741 

.41111 .42'171 .41613 .4~ .4GG62 ·"''l 1.2156' 1.16360 1.150'5 1.06118 1.0SJ96 l.03110 .96476 

1.5454' l.57439 1.54120 1.51105 1.46849 l.)9722 1.36055 
1.97150 2.02,,9 2.00207 1.89725 1.86518 l.76024 l.67621 

.696 1.21496 

. 955 l.iJ/46 

.958 l.59355 
,95; t.51377 
. 961 1. 22164 
.989 l.30280 

l. 004 1. 36292 

1. 054 l. 31999 

l.103 ,2JCj6J 

t.143 l.21127 
1.1J5 .62376 

.860 .53312 

.863 ·'"'' .914 .85844 

.916 .)~J 

.929 .21349 

.956 .27102 

.971 .55326 

.98S .28806 

.994 . 34632 
1.004 1.13473 

1.048 .215" 
1.148 .35109 

.874 .29307 

.891 .40169 

.891 .40344 

. 911 l. 09154 

.9n i.485 .. a 
.. 976 l. 88572 

3.3?.r. ,:::::: 
J.6'6 -~•1i::: • 
4. )~ . 7;9.:..,:; 
5.502 .~11.:.07 · 
5.ns .1~'.l~a 

2.929 .1'7'7933 ' 
J.689 5~96i4 

'. na . 99s:ai 

4.859 .199317 

1.71' . 999m , 
1.SOJ .999988 
2.115 .999786 
2.413 . 999718 
3.2J6 .999211 . 
8. '" .196J 13 
2.J45 .999963 
5. 410 . 199209 

2.863 .999458 
4.648 .999818 ' 
6.445 .999551 
6.760 .799087 

7.944 .99n86 
4.429 .999634 

9.212 .999583 
4.872 .998412 
5.164 .998600 
9. OJ4 . 9984C4 

5.424 .1990i.5 
6.aa9 .19e1:~ 

------------------------------ ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- -·----- . 

RF - Response Factor CSubscr1pt 1s a.aunt in uqt•l> 

RRT - Averaqe Relative Retention Ti .. !RT StdtRT lstd> 

RF - Average Response Factor 

~ - Percent Relative Standard Oev11t1on 

C~Rn - Coeff1c1ent of Correlation tnth deqreel F-62 

?aqe 1 of 2 - . 



--- ---· - -------- ----·- -- -------

C41 ibrat ion Report 

Title: 6ase/Neutral1Ac1d Extractables (Priority Pollutantsl 
C..libr1ted: 880202 14:46 

Files: >91108 >81109 >8111G >81111 >81112 >81113 >81114 

eo..,ound 

J-Hi t roan ii ine 
Acenaphthene 
2,4-0initraphenol 
4-H it ropheno I 
Oibeniofuran 
2,4-0initrotoluene 
2,6-0initrotoluene 
Oiethylphthalate 
4-Chlorophenyl·phenylether 
Fluorene 
4-Nitroani I ine 
4,6-0initro-2-11ethylphenol 
K-Mitrosodiphenylaaine 
Azobenzene 
2,4,6-Tribroaophenol 
4-8ro.aphenyl41henylether 
Hexachlorobenzene 
PentacJtlorophenal 
Phenanthrene 
Anthracene 
Oi-n-iitylphth1l1te 
Fluoranthene 
Pyrene 
Terphenyl-d14' 
8utylbenzylpnthal1t1 
J,J'-Oichlorobenzidine 
SenzoCalAnthr1cene 
BisC2-£thylhexyllPhth1l1t1 
Chrysene 
Oi-ft-octyl phth1l1t1 
Benzo<b>f luoranthene 
8enzo<k>Fluor1nthln1 
Benzo<a>Pyrene 
lndeno<1,2,J-cd>Pyrent 
Oibenza<1,h>Anthr1cen1 
Benzo<9,h,1lPerylene 

~ ~ ~ ~ ~ ~ ~ 
20.00 50.00 80.00 120.00 160.00 240.00 320.00 

l.JlS08 1.326JS 1.3004; 1.25776 l.219S8 1.14665 l.109JS 
.0998; .lSs-56 .16120 .19611 .204S4 

.1;;91 .20715 .23164 .29491 .28959 .30696 .31267 

.30716 .41026 .399J4 .45045 .4J454 .4J777 

.28722 .33422 .3J990 .36206 .36251 .17060 .J639J 
1.6270S l.72528 l.64006 l.60~6 l.514~ 1.37292 1.2911J 

.68584 .67265 .64097 .60719 .565Sl 
1.47476 1.S0519 1.4~4 l.4J~4 1.40084 1.34711 1.24723 

.1267' .13872 .15813 .16500 .18650 .18517 
.55203 .57201 .S9048 .54029 .54J38 .50451 .46561 

1.18792 1.260'Z4 1.29386 1.16558 1.21262 1.16012 1.15858 
.16661 .17605 .18704 .17691 .18265 .17702 .17670 
.2'452 .3047' .31157 .280,0 .28290 .27159 .26667 
.J8"8' .37813 .36581 .3400) .J~6' .HJDO .J2390 
.2162J .16479 .16546 .17544 .182'1 .19611 .19687 

1.3402' 1.40094 1.3'250 r.2m1 1.26564 1.22565 1.17224 
1.)4726 1.42'97 1.32827 1.29158 1.29524 1.23010 1.16036 
l.7'810 1.86676 1.72860 1.68232 1.7447' 1.71965 1.60797 
1.}08Q'Z l.32'2S 1.29682 1.25210 1.30092 l.}0145 1.2J75t; 
1.5~11 1.82778 1.71658 1.72047 1.8,764 1.76957 1.69676 
.99174 1.1~ 1.05640 t.08781 1.15859 1.12579 l.Q4728 
.81865 .89JG5 .87'56l .93762 .97580 .95629 .9JJ62 

1.,Gl5J 1.40482 1.3914' l.l954J l.41212 1.37432 1.39616 
1.2'806 1.294'8 1.22JO'Z 1.25'04 1.Jll14 1.27164 1.22303 
1.411287 l.J878' 1.JllOI 1.)6461 1.35897 1.25181 1.J0360 
l.408'2 J.52144 J.62JH l.8'112 J.84310 J.94'81 4.~m 
1.66219 t.71169 2.02709 1.90114 \.9'47? 1 • .72634 l.~ 
1.66219 1.11069 2.02'99 1.91114 1.9947' 1.72634 1.85544 
1.56191 1.56'91 1.62256 1.59590 \.600'Z6 1.Si'7'Z2 1.6149'; 
.7~07 .69694 .67'509 .68211 .71815 .69412 .7'419 
.65808 .6~66' .61606 .64182 .67050 .64953 .7Q981 
.6J,8J .62841 .5862) .5945) .64122 .63716 .70048 

RF - Response Factor <Subscript 1s aaount in ugt•l> 

RRT - ~r1qe R1l1t1ve Retention Ti111 <RT StdtRT !std> 

RF - i:wer1q1 Response Factor 

'1liSD - Percent Relat11.1e Standard Oevi1t1on 

CCRRn - :OeH1c1ent of Correlation <nth degree) F-63 

t. 005 t. 239 n 6.852 .9'Y55:4 
1. 020 .16347 25.)42 .~~9:~~ 

l. 048 .25696 23. 2;; .199~:3 

1.044 .406S9 12.841 .1991;'0 
.985 .J4S78 8.422 .999608 

1. 089 154068 10.201 .794981 
1. 090 .63S63 7.766 .99ca1.: 
t. 084 1. 41289 6.J99 .99n91 

.902 .16004 15.110 .999051 

.906 .SJ&JJ 1.m .99St";a 

.908 1.20559 4. 415 • 999424 

.917 .lm? J.~7 .999711 

.949 .28747 5.8)0 .999236 

.96) .JSJU . 6. S76 . 9994;; 

.989 .18515 u .1;e . 998377 
1.00) 1.28782 S.961 .9990J7 
1.009 1.29697 6.SSl .9981n 
l. Q9S 1. '2696 4.498 .9984n 
1.15; l. 29859 2.4J4 .999206 

.883 l.7''79 4.797 .998807 

.905 t.o8m S.SJS .997648 

.959 . 91295 ;,923 .999398 

.999 1.39712 .884 .999889 
1.019 1.26s;a 2.705 .9991GQ 
1.01) 1.34999 J.968 .998939 
. 953 3. 79093 8.330 .99nS4 
. '74 l. 839'2 7.817 .996416 
.974 1.8J~2 7.817 ,9964~~ 

. 996 1. 59370 l.516 .999765 
1. 097 .7Q7Ui' }.QJ9 .999QQ9 
1.100 .6S606 4.416 . 99i'9Q7 
1.124 .6Jl70 S.893 .997020 



-----------. ·-··----------- - -

iitle: Sase~utrallAcid·Extraetables (Fr1or1ty ?ollu:antsl 
Cal ibnted: 880202 14:46 

Cleek Standard O..ta File: >87100 
In 1ect1on Tiu: 880713 18:22 

Camoound %DiFF Calib Meth 

2-Fluorophenol 1.21496 1.02057 16.00 AYerage 
Phenal-d5 1.73746 1.8107; 4.22 AYeriqe 
Pheno 1 1. 59355 1. 6428J J.09 AYeraqe 
bisC-2-ChloroethyllEther 1. ;1377 1. 59402 S.JO AYeraqe 
2-Chlorophenol 1.22164 1.30496 6.82 Average 
1,3-0ichlorobenzene 1. J0280 1. 34076 2.91 AYer19e 
1,4-0iehlorobenzene 1. 36292 1. 44918 6.H AYerage 
Senzyl Alcohol Aw rage 
1,2-0ichlorobenzene 1. 31999 l. 43637 8.82 AYerage 
2-Methylphenol Average 
bisC2-Chloroisopropyllether .23563 .21320 9.52 AYerage 
4-Methylphenol Aw rage 
N-Hitroso-Oi-n-propyla•ine 1.21127 1.19770 1.12 Awra91 
Hexachldroethane .62376 .59}68 4. 82 Awra9e 
Nitrobenzene-d5 .5J)12 .47449 11. 00 Awr191 
Nitrobenzene .47'564 .42362 U.94 Awra9e 
lsophoront .85844 .77U2 9.33 MtaCJI 
Oecafluorobiphe~l .37'5,J .298'1 20.48 AwrlCJI 
2-Ni tr09henol .21349 .20690 3.09 MtaCJI 
2,4-0i .. thylphenol .V102 .21602 20.29 Al.-eraqt 
Btnzoic Acid Mra91 
bisC-2-ChloroethoxylMethane .55326 .56989 J.01 Awr191 
2,4-0ichlorophenol .28806 .278'6 J.37 Mf'ICJI 
1,2,4-Trichlorobenzene .34''2 .34'91 .17 Aver191 
Naphthalene 1.1347' 1.17967 J.96 AWr1q1 
4-Ch loroeni 1 ine MrtCJI 
Hexachlorobutadiene .2151S .1747'5 19.00 Mf'ICJI 
4-Chloro-J-.. thylphenol .35109 .30221 1J. 9'Z MrlCJI 
2-ntthylnaphthalene Mf'ICJI 
Hexachlorocyc:lopentadiene .29'07 .1544S 4'.90 1st OICJree 
2,4,6-Tr1chlorophenol .4016' .3629' 9.6S Al.-er191 
2,4,S-Trichlorophenol .48'44 .J629J 10.04 Awra91 
2-Chloronaphthalene 1.09154 1.16080 6.)4 ~raqt 
2-fluorobiphenyl l\,erlCJI 
2-Mi troantl ine Awraq1 
Oi .. thyl Phthalate 1. 48S48 1. 3769' 7. JI Awr1q1 
Acenaphthylene 1. 8857'2 1. 960SJ J.97 AYer1q1 
J-Hi t roan 1l1ne Aver191 
Acenaphther.e l. 239)2 1. 28299 J. 52 Awr191 
2,4-01n1trophenol .16)47 .OSJ46 118.04 1st Oeqree 

RF - Response Factor fro• daily itandard file at ;o.oo u91al 

RF ~erage Response Factor fro• [n1t1al Calibr1t1on 

'°1Ff - \Difference fro• or1g1nal average or curve F-64 

Page ~ of 2 



C4l1~rat1:n Check ~eport 

Ti.t le: SasetNeutraltAcid Extractables <Priority P~lJutantsl 
Calibrated: 880202 14:46 

Check Standard Data File: >87100 
ln1ect1on Time: 880713 18:22 

C:mpound 

4-M it ropneno l 
Oibenzofuran 
2,4-0initrotoluene 
2,6-0initrotoluene 
Oiethylphthalate 
4-Chlorophenyl-phenylether 
Fluorene 
4-Mi troani I 1ne 
4,6-0initro-2-methylphenol 
H-Nitrosodiphenyla•ine 
Azobentene 
2,4,6-Tr1broeophenol 
4-Bromophenyl-phenylether 
Hi11chlarobtnzene 
Pent1chlorophenol 
Phen1nthren1 
Anthnc1n1 
Oi-ft-9"tylphth1l1te 
Fluoranthene 
Py rent 
Terphenyl-d14 
Butylbenzylphth1late 
!,3 1 -0ichlorobenz1dine 
Sen10<1>Anthr1cene 
Bis<2-Ethylhe1yllPhth1l1te 
Otrysen1 
Oi-n-octyl phth1J1t1 
Benzo(blFluoranthene 
Benzo<k>Fluoranthene 
Ben10<1>Pyren1 
lndeno<l,2,J-cdlPyrlfte 
01benzo<1,h>Anthr1c1nt 
Benzo<q,h,ilPerylent 

. 25696 .14685 

• 40659 . 40207 
. 34579 . 33898 

1. 54068 1. J 1197 
. 6JS6J . S9n6 

1. 41289 1. 45929 

.16004 . lJHO 

.5J8JJ .5~84 
1. 20559 1. 09544 
.1m7 .12124 
. 28747 • ~414 
.JSJU .27'67 
.l85JS .21309 

1. 28782 1. 32201 
1.27697 1.3UJJ 
1.72696 l.6J4ff 
1.298S9 1.30131 
1.7J"9 2. 06622 
1. oam i. 11789 

.91295 .86421 

1. 39712 1. 4JG88 
1.26550 1.17465 
1.J49'9 1.443'9 
J • .79093 2.64241 
1.8J9'2 1.72074 
l.U9S2 1.72074 
l.S9J19 1.58940 
.71'11 1.~07' 
.6568' 1.16879 
.63170 1.14211 

%01H Calib r.eth 

JJ.Ja 1st Degree 
IM!rage 

. 06 ls t Oegree 
l. 97 Alleraqe 

26.a4 1st Oeqree 
6. 02 IM!raqe 
J. 28 i:Mraqe 

IM!rage 
22.~ 1st Oeqree 
6. 97 i:Mrage 
9 .14 IM!raqe 

Jl.72 Al.iel'tCJI 
11. S9 Avtreqt 
22.22 Ml'ICJI 
28.97 1st Degree 
2.6S 1Mr1g1 
1.26 IMraqt 
S.'5 MrlCJI 
• 99 Ar.tenqt 

18.90 Aueraqe 
2.71 Auet19• 
S.J4 Ml'tCJI 

Al.tere91 
2.42 Mf'ICJI 
7.18 MrlCJt 
6.9J MrlCJI 

JO.JO Mt191 
6. '6 MtlC)I 
6.46 Mraqt 

.27 Mf'ICJI 
76.89 Ml'ICJI 
78. lS Ml'ICJI 
80.80 Mttqe 

_Q____________________________ ------- ------- ------- ------- ----------

RF - Response ~actor fro• daily sland•rd file at SO.DO uqt•I 

RF - ~raqe Respon.se ~actor fro• ln1t tel Calibration 

'°iff - 'Difference fro• or191n1l a1J1ra9e or cur\11 
F-65 

Paqe 2 of 2 



. - -- . --- -----------

C!l1brat1on Check Report 

Title: Base/Neutral/Acid E.xtractables CFrtcrtty Follu~ant~l 
Calibrated: 880202 14:40 

Cieck Standard Data File: >87111 
Injection Time: 880714 08:00 

Co•aound RF "°iif Calib Meth 
-----------~------------------ ------- ------- ------- ----------
2-Fluorophenol 1. 21496 l. 27185 4.68 Average 
Plienol-a5 l.7J740 2.03590 17 .18 Average 
Phenol 1.59'55 1.82914 14.79 Average 
bis<-2-ChloroethyllEther 1. H377 1. 77094 16. 99 Average 
2-Chlorophenol 1.22164 1. 38387 13 . 28 Average 
1,3-0ichlorobenzene 1.30280 1.3687' 5.06 Average 
1,4-0ichlorobenzene 1. 36292 1. 48711 9 .11 Average 
Benzyl Alcohol !Neraqe 
1,2-0ichlorobenzene 1.31999 1.44067 9.14 !Neraqe 
2-Methylphenol Aueraqe 
bis<2-Chloroisopropyllether .23563 .24796 5 • 23 Aueraqe 
4-Methylphenol Aueraqe 
N-Nitroso-Oi-11-propyl1•int 1.21127 1.~J9) U.79 Ml'ICJI 
Hex1chloroeth111e ·'"'' .630'1 1.08 Al.ltraqe 
Nit robentent-d5 .51312 .50942 4.45 Mt1qe 
Nitrobet'ltet'lt .4~64 .4~411 4.40 Awraqt 
lsophoron1 .SS844 .9715' 1.SJ Mrage 
O.cafluorobiphenyl .Ji'm .2"02 26.17 AWrage 
2-H it roph1no l .21J'9 .21'32 ·.86 MtlCJI 
2,4-0i .. thylphenol .2'102 .22087 18.51 lll.itraq1 
Senzoic Acid Mraq1 
bis<-2-chloroethoxyl"8th1n1 .55'26 .60102 8.81 lll.itrag1 
2,4-0ichlorophenol .28806 .2i'OJO 6.16 Awraq1 
1,2,4-Trichlorobenzent .34'32 .J2ID 6.58 Auer19t 
Naphtha lent 1.1J47J 1.17'96 3.81 Auertg1 
4-Chloroani lint Mf'ICJI 
He11chlorobut1di1n1 .21m .16204 24.89 Mrage 
4-chloro-J-.. thylphenol .35109 .324% '1.56 lll.itr• 
2-1\lthyln1phthalen1 Mtll)I 
He11chlorocyclop1nt1dient .29Ja1 .12494 Si'. 04 1st Degree 
2,4,6-Trichlorophenal • 401" . • "°'' '1.65 lll.itt1q1 
2,4,S-Trichloropheftcal .41J44 .'7097 a.n AuerlCJ9 
2-Chloron1phth1len1 1.09154 1.lJ,47 4.02 Awraqt 
2-Ftuorobiphenyl Al.iettgl 
2-Ni troan &l in1 Aueraqe 
Oi .. thyl Phthelate 1.4854 1.40619 5.)4 lll.itr1qe 
Ac1n1cihthyl1nt 1. 88''2 1. 99274 5.68 MtlCJI 
}-th t ro1n 1 l i ne Auer1q1 
Ac1n1phthen1 1. 239'2 1. 29' 18 4.JS Awt1q1 
2,4-01nitrophenol .16)47 .UJ90 ;34,94 1st Oeqree 

Rf - Response Factor fr08 daily standard f ilt 1t · ;o.oo uql•l 

Rf - Auer1qe Rescionse Factor fro• Initial C1libr1tion 

lQl1rr - ' Difference fro• or1q1n1I aVl!raqe or cur"'8 

P1qe 1 of 2 
F-66 



··-- -·-------- ---------- --------------· -

Title: Base/Neutral/Ac1d utractables (?r1ority Poll~tantsl 
Cllibrated: 680202 14:46 

C.ieck Standard Data File: >8,111 
ln1ect1on Time: 880714 08:00 

~mpound 

4-M i t ropheno I 
Dibenzofuran 
2,4-0initrotoluene 
2,6-0initrotoluene 
Diethylphthalate 
4-Chlorophenyl•phenylether 
Ftuorene 
4-Hi t roan i I ine 
4,6-0initro-2-t11ethylphenol 
H-Hitrosodiphenyla•ine 
Azobenzene 
2,4,6-Tribro9Dphenol 
4-8ro9DpHenyl-phenylether 
Hes1chlorobenzen1 
Pentachlorophenol 
Ph1n1nthren1 
~thracene 

Oi-ft-8utylphth1l1t1 
Fluoranthene 
Pyren1 
T erphen.,, l ·d 14' 
8utylbenzylphth1l1te 
J,J'-Oichlorobenzidine 
8enzo<1>~thracene 

8isC2-£thylhexyllPhth1l1te 
Ch1'')1$1ftl 
Oi-n-i2ctyl phth1l1t1 
Benzo<blfluoranthene 
BentoCklFtuoranthene 
8enzo<1>Pyr1n1 
lndtno<l,2,3-cdlPyrene 
Oibenzo<1,hlAnthr1c1n1 
8enzo<g,h,1lPerylene 

RF RF 

.25696 .21870 

. 406·59 . 43384 
• J4S78 . JS4S2 

154068 1.41611 
.6JS63 .S8101 

1.41289 1.46205 

.16004 .14'61 

.S3U3 .S8S87 
1. 20SS9 1. 21820 
.177';7 .12259 
• 28747 • 24310 
.J~U .26QU 
.185~ .16065 

1.28782 1.J1S78 
1.29697 1.nm 
1.7'Z696 1.7'ZS54 
1.298'9 1.31334 
1. 7'779 1. 76843 
1. oam . 982S7 

.91295 .8&4n 

1.39712 1.-42940 
1. 26S'9 t. 23257 
1.34999 1.,m2 
3.79093 2.697'1 
1.819'2 1.Sl896 

1. 8'9'52 1. "'" 
1.59310 1.5'968 

.71717 .94591 

. 65'°' • M225 

.63171 .80434 

%0iff Calib Meth 

.78 ht Degree 
Average 

I. 96 lst Degree 
2.53 Average 

21.02 1st Degree 
8.S9 Average 
J • .OS Average 

Average 
34.29 1st Degree 
8.U Average 
1.0S Avenge 

J0.96 Average 
1S.43 Average 
26. J4 Average 
2.n lat 0.9re• 
2.1] -tlCJI 
1.18 t\.ieraqe 

.08 -tlCJI 
J.47 -l'tCJI 
1. 76 Al.ltraqt 
9.67 Al.ltnq• 
J.09 ~rlCJI 

~rage 

2.n Aileraqe 
2.60 Ar.lerag1 
7. 82 Al.ltl'ICJI 

28.83 Al.ltraq1 
16.J4 -l'l«JI 

16.J4 -'ICJ' 
2.U -raq1 

J6.61 Mrage 
4S .15 j:Mrag• 
27.33 ~'ICJ' 

--·--------------------------- ------- ------- ------- ------- ----------

~ - Response F•ctor fro• d11ly standard File at 50.00 uql•l 

RF - Alltraqe Response Factor Fro• ln1ti1l C1hbr1t1on 

~iFF - 'Difference fro• or1g1n1l average or curve F-67 

Page 2 of 2 



Operator IO: USER6 
Output File: ~8710l::QT 

D-!ta Fi le: >87101: :L2 
Name: 8LANK CF SYSTEMS 

QUANT RE?ORT 

Quant Rev: 6 Quant Time: 
In1ected at: 

Dilution Factor: 

880713 ·::: >: 
880713 i::::::: 

.. """" ~ ,.. ·' .. 

.I. • ..Ju '"' •.i 'J 

Misc: l ul ~/ IS & SURR DIRECT INJECTION SHOT 7-13-88 VF•lML 

ID Fi l e : I DES l l : : 02 
Title: Base/Neutral/Acid Extractables CPriority Pollutants) 
Last Calibration: 880621 14:46 

• 
Compound R.T. Q ion i::lrea Cone Un 1 ts 

------------------------------ ----- ----- -------- -------- -------
1) 
2> 
3) 

16) 
l.7) 
20> 
32) 
c;2) 
S6) 
c;9) 
64) 
66) 
.72) 

•d4-l,4-01cnlorobenzene <IS> 
2-Fluoropnenol <SS> 
Plienol-d5 <SS> 

•dS-Naplitnalene CIS> 
Nitrobenzene-dS <SS> 
OecaFluorobiplienyl <SS> 

•dlO-Acenaphthene CIS> 
•dlO-Phenanthrene CIS> 
2,4,6-Tribromophenol CSS> 
Pentachlorophenol 

•d12-Chrysene CIS> 
Terphenyl-dl4 CSS> 

•dl2-Perylene <IS> 

• Com~ound is ISTO 

-,._ 

10.60 
7.26 

10.0/ 
14.4/ 
12.40 
lJ.27 
19.99 
24.60 
22.c;, 
24. 34 . ,2. 99 
29.84 
37.19 

F-68 

152.0 
112.0 
99.0 

136.0 
82.0 

334.0 
t64. 0 
188.0 
330.0 
266.0 
240.0 
244.0 
264.0 

47300 
107022 
167592 
164090 
80021 
S9928 
8.7S78 

ll968c;. 
34746 

c;,44 
84280 

109329 
61328 

40.00 
74.49 
81. 57 
40.00 
36.S9 
38.90 
40.00 
40.00 
6S.40 
18.10 
40.00 
4.7.70 
40.00 

ug-'r.'l: 
ug/ml 
ug/m l 
ug/ml 
ug/ml 
ug/ml 
ug/ml 
ug/ml 
ug/ml 
ug/ml 
ug/ml 
ug/ml 
ug/ml 



O~erator to: USER6 
Output File: ~s,10,::QT 

Data File: >87107::L2 
Name: BLANK-2 CF SYSTEMS 

C:UANT RE?ORT 

Qu~nt Rev: 6 Quant Time: 
Injected at: 

Di lut 1on Factor: 

Mi$c: l ul w/ IS & SURR DIRECT INJECTION SHOT 7-14-83 

ID Fi le : I OE8 l l : : 02 
Title: 8a$e/Neutral/Acid Extractables <Priority Pollutant~) 
La~t Calibration: 880621 t4:46 

l> 
2> 
J) 

16) 
17) 
20> 
32> 
52> 
56) 
62> 
64) 
66) 
72) 

Compound 

•d4-1,4-0ichlorobenzene CIS> 
2-Fluorophenol CSS> 
Phenol-dS <SS> 

•dB-Naphthalene <IS> 
Nitrobenzene-dS <SS> 
Oecafluorobiphenyl <SS> 

•dIO-Acenaphthene CIS> 
•d10-Phenanthrene CIS> 

2,4,6-Tribromophenol CSS> 
Oi-n-butylphthalate 

•d12-Chrysene <IS> 
Terphenyl-d14 CSS> 

•dl2-Perylene CIS> 

• Compound is ISTO 

R.T. Q ion 

10.61 
7.25 

10.07 
14.46 
12.39 
13.26 
19.99 
24.59 
22.c;2 
26.98 
32.99 

· 29. a:J 
37.19 

F-69 

152.0 
112.0 
99.0 

136.0 
82.0 

334.0 
164.0 
188.0 
JJO.O 
149.0 
240.0 
244.0 
264.0 

Area 

40383 
:32886 

130146 
1429.:,0 

c;0J1a 
48960 
80502 

1206S6 
J5?S7 

J24S 
102140 
102704 

932S7 

8 8 0 ;' l 4 ·: 2 : : : 
880/14 c::.:::: 

Cone 

40.00 
67. ~7 
74.20 
40.00 
30.61 
36.40 
40.00 
40.00 
66.38 

.62 
40.00 
36.98 
40.00 

l. 0 :: : : .] 

!..Jn l t s 

ug/:nl 
ug/ml 
ug/ml 
ug/ml 
ug/ml 
ug/rral 
ug/ml 
ug/ml 
ug/ml 
ug/ml 
ug/ml 
ug/ml 
ug/ml 

: 

·:;,. 



:a: .. 

~ '::".- ... ~-~~·: .. _...,.._ .. -·"' -

Acz rue. 

Case No.: s;..s !le. : 

I Sl I S2 I SJ .l S-i I ~- I So : ---:':"'-: -, -~ I,_•··-•· 
I . :, '-"''= "r '::" ~o 1 pr-z> ~ 1 c - ·> ~ 1c·~t.:)~1c-i:->~1 c2--=>) ·' c""--) · · : - .. 
I - -·- _.... .. J.= ~ o~s ~ -··· ~ : .. ~ ~ :. ;, .:;: =I --: ~=========1======1======1======'======1======[======:====== ---

- 88-SUlC96Z I 33-:; I 68% I ZS~ - as-sul09§J I gJi 9Z~ I lCli • I 

. I 88·SUl0965 I 6a 70% 65% . 
~ I 88-SU/0966 I 40i I ssi I SJi 
31 88-SU/09b7 I asi I 94i I 79~ 

61 SS-S070~l)S I 7~! I b2% I ~h 
~ 71 I I I 
JSI I I 1. 

-09 I Bl ac~ 96Z-96Jl z:u; I zas I 9Sli 
10'1 Black 9fi5-9fiSI Sli I Z32i I Z!2i 
lll 
121 
131 
141 ,-
-j 

·is 
l7 
lS 
l9 
20 
21 
22 
23 
24 
2S 
26 
271 
281 
291 
JOI 

I I I 
I I I 
I I I 
I I I I 
f I I I 
l I' I I 
I . I I . I 
I I I I 
I 

. I . I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I f I I 
I I I I 
I I I I 
I I I I 

Sl (NBZ) • Mitrobenzene-dS 
s 2 ( o~ 8) • D~c:o \ l \,ic.v:. 'c' p~li!'"''1 L 
SJ (~?~} ~ Te:;he~yl-dl4 

53 (2:?) ~ 2-Fluor:;hencl 

3'~ szi 
a'~ 32% 
78% 
99i 

azs 
Z!~ 

So (TS?) = 2,4,6-:=i~rcoc;he~ol 

I 35~ I 58~ 
~zi I SS~ 

I BQi I 7J% 
I 35i I 36% I 

I as,; I 62% I 
I 94i I a Ii l 
I I l 
I I I 
I Z!li I fiS%. I 
I fiBi I gfilj I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I 1 
I I I 
I I I 
I I I 
I I I. 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 

; Colu:~ ~o be usad to !lag ~ec:ve:y values ~i:~ :~ 

• Values ou~side o: c:nt=ac~ requi=ed QC li=.~:s 

F-70 

I ,_ 
I 
I 
I 
I 
I 
I 
I 
I 
I -
I_ 
I 
I 

-
-

-----·-... - - . ----- -
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JC 
. SOIT S-="'~·o" '""~·-:- ""'_.,...,, s""'!~----;v·--·, ... '9- " ....,,,. -.....:. .~-~-~ - ----....:. • ..,,. .. .:'.-.... 

: -:- ....... ·--:--: .. . ...... ..,_ . -- . -

- .ab Na.me: ACZ INC. 
--....:~~~--------------

-cont:ac-:: CF Systems 

' o C:ode: case' No.: SAS No.: SCG No.: 

latru Spike - sa:iple No.: .... o-9.....,68 ___ _ tevel: (low/med.} 

I AMOY~T I S~'-1PU. CONC. 
I ADCED I IN EX'I'llCT 
I (nq) I (uqjl<g) 

MS C:)NC. 
!N EX~CT 

(uq/kg} 

' i. 

!1.5% I 
?.EC ~I 

=~,-=--------=-::i---------.------1-----------------
la• =•--=-=- : :s:s::r.:r:a:m I 

1 E'henol ! 100 ,ooo 
2-C!'l!or::;::enol : 100,000 

' 

~22ZJ I 109 
I ~lJ3S I ~6 

l,~-Oic~lcro- I I I 
l:lenzene I so .ooo I 27229 I 113 

Oi-n-~~~~!late l 50,000 
I I 

106 I 25403 I 
l,2,4-Trichloro- I 

cenz •n• I 50 non 
I 20240 I 84 I I 

~-'=hlora-l-M•~yl- I 

L ph•nol I 100.000 
cenaph.then• I SQ .oog 

4-Nitrcphenol I __ _ 
llNaphthalene __,_I so,ooo 
•entac:hlorcphenol I 100.ooo 
~en• I so. ooo 

I 38441 I 80 
I I 
I ~~1;1 I 121 
I Not Sciked. I 
I ~~~12 I 97 
I 68900 I nj 
I ~~~~g I 92 190 

--------------------'------ ------------I I 

tMSC CONC. z..~ l !!SC% I MS% I ' 1 L;% RPD IC:OMP~ .. ·. . - . I EXTUC'r (uq/kg} I UC II REC t I RPD 
I 

91 
I 109 I 18 

I~ 
??ienol 43796 I I I T-"' I 8.o 

1-Chlorcpcanol J~lZ~ I 73 I ag rs -+~ Jw.O 
,4-0ichlorc- I I 

03 
I 

benzene 27875 I 116 I 113 ·-1.;.. 3.0 
11-n-butyl- I 

112 
I 

106 06 I 
phthalate 26955 I I -i.,.. ".o 

l,2,4•Tric:hlorc-
22352 I 93 I 84 10 I I benzene I I ~ /~·O 

-Chlorc-l-Me1:.hyl- I I I 
phenol 32593 I 68 I 80 16 :-1 :;:io /(/}. 0 

ic:ena~hUi•n• ~~"i I r2~ I 121 02 -1 .... z.o 
-~i~rerh.enol ~ct ~wj~=d I I 

OS I 
Naphthalene 24319 I l~)l I ~' ·--+- 'l·O - 13~ r~~ as --k> -0 --sc:• 1 cr-~ne~-l 63584 I I g.o r··-- ··- .... :" ··-i=a!'le 2'S96 I 95 I 92 o~ .. +- .).o 

I I I I 
slu::n co =· used ec !laq :ecove:y and. RPO values wie...~ an as~a~:sk 

lt:as out.sic.a of cc li:ii ":S 
F-71 

Je OU1: Of outs ice li:ii~s 
~ .. ~!'"IV•-'• ~ ......... _ .. 



---:CJ 
· SO IZ. S ~·!:~;c :..!-.:': :..Z !-'_;::= .. ::c: S -= ~-.. -:-;"·' ! ... '": - .. , ,.. - -··-.. __ ....,. ·----·-·· ~:~:~ rr:-:~ -..-~ -- .. ,. ·:---· . 

- .,. - -- _.r; - .:.. • ~' ..... - ~ ... -- \ 

~z. ·, !. e:.::e: ACZ me. -------------------- -c:::-::ac-:: CF Syste!!ls_ 

c Cede:· Case· No.: s;,,s no. : SiJG No. : -----
:a t:.:.x c-; '.-e ... ::- ...... Sa::ple ?lo. : 0968 tevel: ( low/r:iec) 

2nd Ini. 
I ;.-."!OUN': CCNC. I CONC. 
I ACCE:) I I!l Ex~..;cT I :i:!i :s::crP.ACT I . ~ I . 

c~:1:ot;to I ( nq) I (ug[t<".\ ~ I (uq/ Ji:_,) I o; ff. ! 

===~==================~=--==--=1=========--===1=============·======: I I , l 

?~e~c l I 100 ,000 I 52273 ! 61091 I 16 
2--=~~c=:;:::er:ol 100,000 1 41335 1 48091 1 -r-s- 1 

l, ~-~ic::.lo=o- I I I I 
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-
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Psntac~lcrophenol I 100 ,ooo I 68890 I a23o9 I 18 I 
Pyrene I 50 non I 22236 I 24 773 I 11 I ___________ ! I I I I 
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Table G-1 

Table G-2 

Table G-3 

Table G-4 

Table G-5 

Table G-6 

Appendix G 

ANALYSIS OF VARIANCE RESULTS 

ANOVA for fluidized bed incineration and three-cycle 
solvent extraction. 

ANOVA for three-cycle solvent extraction and 
single-cycle solvent extraction. 

ANOVA for three-cycle solvent extraction and solvent 
extraction at plant G. 

ANOVA for three-cycle solvent extraction and pressure 
filtration at plant C. 

ANOVA for three-cycle solvent extraction and pressure 
filtration at plant D. 

ANOVA for fluidized bed incineration at plant A and 
stabilization at Plant I. 
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Source 

Be t•en Groups 

Wi th1 n Groups 

Total 

TABLE G-1 
ANALYSIS OF VARIANCE RESULTS FOR QJMPARING FLUIDIZED BED 
INCINERATION AT PLANT A AND niREE~YCLE SOLVENT EXTRACTION 

AT PLANT M 

Analysis of Verience for Bie(2-ethylhexyl)phthelete 

Oegreee s .. of Meen Critical 
of freedom Squeree Squeree F Ratio F Value 

1 0.0114 0.0114 o.01oe 4.75 

12 12.7258 1.oaos 

13 12.7372 

There ie no eignifte11nt difference between the treec.enta. 

Anely•i• of Vertene11 for 01~-0utyl phth•l•t• 

Degre•• S1m1 of Me.n Crtttcel 
Source of frHdom SquarH SquuH F Altto F Velu• 

Between Groupe 1 , .3281 1.32111 

Within Groupe 12 0.0000 0.0000 

To tel 13 1.3281 

There ta no atet1at1ceil difference between th• treetwenta. 
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Source 

Between Groupe 

Wtthtn Groupe 

To tel 

TABLE G-1 (Continued~ 
ANALYSIS OF VARIANCE RESULTS FOR COMPARING FLUIDIZED BED 
INCINERATION AT PL.ANT A ANO THREE-CYQ.E SOLVENT EXTRACTION 

AT PLANT M 

Anelysis of Variance for Cyanide 

Degreee S1111 of Mean Critical 
of rreedm Squeree SqUllrH F Reti o F Value 

1 73.8890 73.8890 201.8980 

10 3.8488 0.3849 

11 n.3179 

There ts e etgntftcent dtfference between the treet11ent1. Flutdtzed bed 
Incineration 11 better. 

Anelyet1 of Verlene• for Xylene• (total) 

OegreH Sta cf Mean Crt tt eel 
Source of freedCll Squuea Square1 F Auto F Value 

Be 1:11een Groupe 1 48.8878 48.SB78 111.9285 4.98 

WI thi n Groupe 10 8.0181 0.8018 

Total 11 54.7037 

There 11 e stgntftcent difference between the treet11ent1. Flutdfzed bed 
fnctneretton fa better. 
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Source 

Between Groupe 

With f n Groups 

Tatel 

TABLE G-1 (Continued) 
ANALYSIS OF VARIANCE RESULTS FOR CCJ4PARING FLUIDIZED BED 
INCINERATION AT PLANT A AND TliREE-CYCLE SOLVENT EXTRACTION 

AT PUHT M 

Anelyafa of Variance for Benz(e)anthrecene 

Degree• SUll of Me en Crftfcel 
or rreedm SquerH Squeree F Ratio F Velue 

1 3.8879 3.8879 130.5080 4.75 

12 0.3391 0.0283 

13 4.0270 

There is e significant difference be111een the treeDlenta. Fluidfzed bed 
fncineretfon fa better. 

Anelyaf a of Varfanca for Ethylbenzene 

Oegree• Sim of Meen Crf ti eel 
Source of freedm Squer•• Square• F Ratio F Yelue 

Between Groupe 1 5.848!5 !5.848!5 17.47!59 4.98 

Wt thf n Groupe 10 3.2322 0.3232 

Tatel 11 a.a8D7 

There fe • efgnfffcent dtfference between the treet11enta. Flutdfzed bed 
fncfneretfon ia better. 

G-4 



Source 

Bet .. en Group• 

Within Groupe 

Taul 

TABLE G-1 (CantinuedJ 
ANALYSIS OF VARIANCE RESULTS FOR Ct14PARING R.UIDIZED BED 
INCINERATION AT PLANT A AND THREE-CYQ.E SOLVENT EXTRACTION 

AT Pl.ANT M 

Analy•ia af Variance far Toluene 

DegreH SUlll af Me•n Critical 
of f readOlll SquarH Squares F Retta F Value 

1 o.ooa1 o.ooa1 0.0405 4.96 

10 1.5089 0.1507 

11 1.5130 

There is na •tactsttcal difference betlJaan the traatllanta. 

Analy•ie at Variance far Chry .. na 

Degraaa Sim ar Me en Critical 
Sourca of fraadom SquarH SqUlrH F A9t1o F Value 

Ba tween Groupe 1 B.2929 B.2929 148.!ISOO 4.75 

Wt Chin Group• 12 0.5070 0.0422 

Total 13 a.7998 

Thar• t• • •tgntttcanc dtttaranca baC.aan Cha craataanta. Flutdtzad bad 
tnctnaracton ta beccar. 
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Source 

Between Groups 

Wt thin Groups 

Total 

TABLE G-1 (Continued) 
ANALYSIS OF VARIANCE RESULTS FOR CQ4PARING A.UIOIZED BED 
INCINERATION AT PLANT A AND THREE-CYQ.E SQ.VENT EXTRACTION 

AT Pl.ANT M 

Analysts of Variance for Naphthalene 

Degren Sum of Mean Crt tfcel 
of freedClll Squares Squares F Ratio F Value 

1 122.3428 12.3428 241.64e5 4.75 

12 8.0755 a.5083 

13 128.4180 

There ta a afgntffcant dffferance between the treetaenta. Flufdfzed bed 
tnctneretton ta better. 

Anelyafa of Variance for Phenenthrene 

OagrHe S111 of Mean Crfcfcal 
Source of frHdm Squeree Squeree F Rat! o F Value 

Betlleen Groupe 1 18.3984 18.3984 13!5.1!513 4.75 

Wt thf n Group• 12 1.4580 D.1213 

Tot•l 13 17.8544 

Thar• fa • atgntrtcant dtfrerence becween the creetmente. Flutdtzed bed 
tnc1neret1on ta better. 
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Source 

BetwHn Groupe 

Wt tht n Groupe 

Tot•l 

TABLE G-1 [Continued) 
ANAl.YSIS OF VARIANCE RESULTS FOR ctJ4PARING FlUIDIZED BED 
INCINERATION AT PL.ANT A AND TliREHYCLE SOLVENT EXTRACTION 

AT PLANT H 

An•lyste of Variance for Pyrene 

Degrees · Sen of Haen Crttfcel 
of freedcn SqU11rea SqU11re1 F Rlitto F Value 

1 3.4729 3.4729 BD.3855 4.75 

12 0.5184 0.0432 

13 

There 11 1 etgn1f1cenc d1fference bec.een the treat11enc1. Flu1d1zed bed 
tnctner1t1on ta bett•r. 
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Source 

Between Groups 

Within Groupe 

Total 

TABLE G-2 
ANALYSIS OF VARIANCE RESULTS FOR COMPMING lMRE~YQ.E SOLVENT 
EXTRACTION AT PLANT M WITH SINGLE~YCLE SOLVENT EXTRACTION AT 

PLNIT M 

Analyst• of Variance far Ethylbanzene 

Oegreea 91111 of 
of freedOlll Squares 

1 4.7883 

13 

14 12.7328 

Mean 
Squares 

4.7883 

0.8127 

Crtttcal 
F Retta F Value 

7.7830 4.67 

There ts a elgntffcant dffferenca between the treetllanta. Stngle-cycle 
solvent extraction ta better. 

Anely•t• of Vartenca far Toluene 

OegreH Sim of Meen Crtttcal 
Saur ca of freedom Squar .. SquerH F Ra ct a F Value 

Between Groups 1 0.0404 0.0404 0.1843 4.87 

Wt tht n Groupe 13 2.8510 0.2193 

Total 14 2.89'14 

There ta no atgntftcant difference bet .. en the treetaenca. 
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Source 

Be tween Groupe 

Wt th t n Groupe 

Tot1l 

TABLE G-2 (Continued) 
ANALYSIS OF VARIANCE RESULTS FOR CCJ1PARING 'TltREE-cYCLE SOLVENT 
EXTRACTION AT PLANT M WI'Tlt SINGL~YCLE SOLVENT EXTRACTION AT 

PLANT M 

An1Ly1t1 of V1rt1nce for Xylenee 

Degrees , Sum of MHn Crtttcal 
of frHdm Squuea Squares F Auto F Value 

1 a.190 a.190 a.1aea 4.75 

12 12.9198 1.0787 

13 21.71415 

Th•l'tl ta• 1tgntftc1nt difference b1t1111n th• tr .. t111nt1. Stngl~ycl• 

1olv1nt 1xtr1ctton te better. 

An1Ly1t1 of Vertenc. for Anthr1cen1 

D1gr111 S111 of Mein Crtttc•l 
Source or rraldm Squ1r11 Squ.r .. F Rufo F V1lu1 

81t1111n Groupe 1 1.0288 1.a2ea 3.BDD3 4.80 

Wt tht n Group• 14 3.71111 a.2101 

Totlll 115 4.8188 
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Source 

Ba tween Groupe 

Wi thin Groupe 

TABLE G-2 (Conti nued.l 
ANALYSIS OF VARIANCE RESULTS FOR C()!PARING TltREE-<:YCLE SOLVENT 
EXTRACTION AT Pl.ANT M WI'TI1 SINGU:~YCLE SOLVENT EXTRACTION AT 

PLANT M 

Analysis or Variance for Banz(a)anthrecene 

Degrees San or Mean Critical 
or freedOll Squaraa Squarea F Alitio F Value 

1 D.9794 D.9794 S.2335 4.SD 

14 2.8199 0.1811 

15 3.5983 

There i• a aigniftcant difference between the traataenta. Thre.-.:ycla 
aolvant axtractton ta batter. 

Analyata of Vartanca for Banzo(a)pyrane 

Dagr••• s .. or Mean Crt tt cal 
Source or rraadm Square• Square• F Ratto F Value 

Bat11Hn Groupe 1 12.52115 12.52115 72.9088 4.80 

Wtthtn Groupe 14 2.«24' D.1717 

Total 115 14.8298 

Thar• t• a afgn1'1canc dfff9ranoa between the traatmante. Thra.-.:ycla 
•olvanc aacraactan ta bacc.r. 
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Source 

Between Groupe 

Wi tht n Groupe 

To tel 

TASLE G-e (Continued) 
ANALYSIS OF VARIANCE RESULTS FOR aJMPAAING THREE-CYCLE SOLVENT 
EXTRACTION AT PLANT M WITH SINGLE-CYQ.E SOLVENT EXTRACTION AT 

PLANT M 

Anelyaie of Verienca for B1a(2-ethylhexyl) phthelate . 

Degrees S11n or Me en Crtttcel 
or freedom Squeres Squares F Re ti o F Velue 

1 0.4385 0.4385 0.3143 4.80 

14 19.5278 1.3948 

15 19.9881 

There fa no efgnfffc.nt difference between the treet11mnt1. 

Anelyafe of Variance for Chryeane 

DegreH s ... or Mean Crttfcal 
Source or rr .. dm Squuee Squar .. F Retfo F Velue 

Bet11een Groupe 1 a.uas a.a48s 70.2418 4.BO 

Within Groupe 14. 1~320 a.as• 

Tot1l 15 7.9712 

There fa • etgntftcant difference between th• trHtmnt1. Three-cycle . 
eolvent extrectfon f e better. 
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Source 

Between Groups 

Wf thf n Groupe 

Total 

TABLE G-2 (Continued) 
ANALYSIS OF VARIANCE RESULTS FOR CCJ4PARING lliREE~YCLE SOLVENT 
EXTRACTION AT PLANT H WI'lli SINGLE~YCLE SOLVENT EXTRACTION AT 

PLANT H 

Analysfa at' Verf ence far Nephthelene 

OagreH SUll af Mean Crt tfcel 
af rreadm SquarH Squarea F A9tt a F Value 

1 23.7243 23.7243 38.8474 4.&a 

14 8.5499 a.0101 

15 32.2741 

Thara fl e 1fgnff'fcant dtf'farenca bataaen the treaaienta. Sfngla-cycla 
solvent extrectf on f s better. 

Analyat1 of Vertenca for Phanenthrena 

Dagraa• S111 of Mean Crf tf cal 
Source of f'rHdCll Squares Square• F Ratio F Value 

Batlleen Groupe 1 5.2289 s.22as 28.7227 4.80 

Wtthtn Groupe 14 2.7394 a.1997 

Total 15 7.9884 

Thar• 11 a 1fgnfftcant difference between tha treatmnta. Three-cycle 
solvent axtrectton 1• better. 
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Source 

Between Groups 

W1 thin Groups 

Total 

TABLE G-2 (Continued) 
ANALYSIS OF VARIANCE RESULTS FOR COilPAAING nfREE~YCLE SOLVENT 
EXTRACTION AT PL.ANT M Winf SINGLE~YC..E SOLVENT EXTRACTION AT 

PLANT M 

Analysis of Variance for Pyrene 

Degrees Sum of Mean Critical 
of fraedm Squaree Squarae F Retfo F Value 

1 5.7838 !5.7838 42.8439 4.80 

14 1.8988 0.13!58 

15 7.8827 

There fa• sfgnfffcant difference baasean th• treatllenta. Tilraa-cycla 
solvent ••traction fa better. 

Analyaf a of Varf anca ror p-Cra1al 

DagraH S111 of Mean Crf ti cal 
Source of freedom SqUlll'H SqU11rea F Aatfa F Value 

Bat11een Groupe 1 o.1838 0.1838 o.8720 4.80 

Wfthfn Groupe 14 2.9!07 0.2108 

Tot•l 15 3.1345 

Tiier• f 1 no af gnf ff C811C df ff'arence be tween the tree c.anta. 
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Source 

B•tween Groups 

Wfthfn Groups 

Ti'BLE G-3 

ANALYSIS OF VARIANCE RESULTS FOR COMPARING TliREE~YCLE 

SOLVENT EXTRACTION AT Pl.ANT M Wint SOLVENT EXTRACTION 
AT PLANT G 

An•lysts of V•rtence far Bfa(2-.thylhaxyl)phth•l•t• 

Degrees Sum of Mean Crftfcsl 
of freedmn Squares Squares F Retfa F Value 

1 3.8329 3.8329 2.5630 5.12 

9 12.7589 1.4174 

10 18.3898 

There fa no 1fgnfffc•nt dfff•rence betwe•n th• tr••t.•nt1. 

An•lyafa af Verf•nc• far Xyl•n•• (total) 

Degree• S111 of Mean Crftfcel 
Source of freedm Sq1arH Square1 F Retf o F Value 

Between Groupe 1 3 ••• 3 ••• 4.5748 5.99 

Wfthfn Groups 8 5.0738 a.ea 

Tatel 7 8.9424 
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Source 

Between Groups 

Wttht n Group• 

Tot•L 

TABLE G-3 (Continued.} 
ANALYSIS OF VARIANCE RESULTS FOR CtJ4PARING lliREE~YCLE 
SOLVENT EXTRACTION AT PLANT M WilH SO-VENT EXTRACTION 

AT PLANT G 

An•Lyata of V•rtanca for Ethy Lbanmne . 

DegrH• SU11 or MHn Crtttc•L 
Of frHdm Squ.rH SqU9rH F Retta F V•Lue 

1 D.5307 D.5307 D.9780 5.99 

8 3.2827 D.5438 

7 3.7934 

There ts no atgntftcant dtfference between the tr••Dtenta. 

Analy1ta of V1rt•nca far Taluan1 

Degren Sta of MHn CrtttcaL 
Source of frHdm Sq .. rea SqU1rea F Altfa F Value 

Betnen Groupe 1 2.DBS9 2.oasa 9.1348 !5.99 

Wt th1 n Groupe 8 1.3701 D.2284 

Total 7 3.491 

There t I 8 af gnt ft cant df fference between the treeDlenta. Three-cycle 
aolvent aacreocton ec Plane M ta better. 
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9ourca 

Between Groups 

Wt tht n Group• 

Total 

TABLE G-3 (Continued] 
ANALYSIS OF VARIANCE RESULTS FOR CCJ4PARING TI-IREE-<:YCLE 
SOLVENT EXTRACTION AT PLANT M WITI-1 SOLVENT EXTRACTION 

AT PLANT G 

Analyeie of Variance for Chrysane 

Degrees Sim of Mean Critical 
of freedcm Squares Squares F Ratio F Value 

1 18.6412 18.8412 299.5512 s.12 

9 o.sooo o.ossa 

10 17.1412 

Thar• ta• stgntftcant dtffarenca bac.een the traat11enta. Thrae-cycle 
aolvant axtractton at Plant M ta bettar. 

Analysis of Vartenca for Naphthal•n• 

DegrHa SUI of Mean CrtttcaL 
Source of freedom Squaree Square• F Ratio F Value 

Bemeen Groups 1 14.17!8 14.17!8 14.2115 

WI tht n Groups 9 a.9773 a.am 

Total 10 23.1528 

There la a atgnfffcent dttrarenca bet•en th• treatmnta. Solvent 
extraction at Plant B ta bettar. 
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Source 

Be tween Groupe 

Wt thin Groups 

Total 

TABLE G-3 (Contfnued) 
ANALYSIS OF VARIANCE RESULTS FOR CD4PARING 'TiiREE-CVCLE 
SOLVENT EXTRACTION AT PLANT M WI'Tii SOLVENT EXTRACTION 

AT Pl.ANT G 

Anely1t1 of Ver•ance tor Phenenthrene 

Degrees SUlll of Mean Crfttcel 
of freedOlll Squer11 Squerea F Rllt1o F Value 

1 o.oeoe o.osoe o.31oa s.12 

9 1.4712 D.1835 

10 1.s220 

There f 1 no 11 gnf ff cant df fferenca between the treau.enta. 

An1ly1f1 of Varfance tor Pyrene 

Dagreea S111 or Maan Crfttcal 
Source at f rHdm SquarH Square1 F Alltf a F Value 

Bet .. •n Groupe 1 18.1873 18.1873 307.1977 s.12 

Wfthfn Group1 9 a.es22 D.01591 

Total 10 1a.asae 

Thar• fl a atgnttfcHt dttrerenca beC.Hn th• trHtaenta. Th~ycl• 
1olvant eatraotton at Plant M fa better. 
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Source 

Between Groups 

Wtthtn Groupe 

Tatel 

TABLE G-3 (Continued! 
ANALYSIS OF VARIANCE RESULTS FOR Cl:J4PARING iliREE-CYCtE 
SOLVENT EXTRACTION A.T PLANT M WI'Tli SOLVENT EXTRACTION 

AT PL.ANT G 

Analysis or Variance far Benzene 

Degree• SUI! or 
or freed1111 Squaree 

1 B.13315 

B 

1 1.seaa 

Mean 
Squaree 

B.13315 

D.2544 

Critical 
F Ratio F Value 

24.1082 s.ss 

. There 11 11 atgntrtcent dtrrerenca between the treatment•. Salvant 
extraction et Plant G ta bllttar. 
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Source 

Bat1reen Groups 

Wf thf n Group a 

Total 

TABLE G-4 
ANALYSIS OF VARIANCE RESULTS FOR aJMPARING TliRE~YQ.E SOLVBIT 
EXTRACTION AT PLANT H WITH PRESSURE FILTRATION AT PLANT C 

Anelyets of Vertence for Benzene 

Degree• Sia of HHn Crfttcel 
of ·rreedm Squeree Squerea F Ratto F Value 

1 a.1ns a.1ns 22.5474 a.a1 

5 1.3899 0.2740 

8 7.5474 

Thara t1 1 1fgnf ftcant dtffer1nca bat .. en th1 treetmanta. T1'ree-cycle 
solvent 1xtracttan 11 better. 

Anely1t1 af Vartanca far Ethylbenzane 

Degre•• Sia af MHn Crt tt cal 
Source af frHdm Squer" Squar" F Ratto F Velue 

BeCllHn Groupe 1 1.1710 1.1710 1.81115 a.e1 

WHhtn Groupe 15 3.2322 0.8414 

Tol:•l I 4 • .031 

T1'ere ta no •t"9tttout dttrarence batmeen th• treac.nta. 
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Source 

Between Groups 

Wf thi n Groups 

Total 

TABLE G-4 (Conti nu.d) .' 
ANALYSIS OF VARIANCE RESULTS FOR CCl4PARING ntREE~YCLE SOLVENT 
EXTRACTION AT Pt.ANT M Wint PflESSURE FILTRATION AT PLANT C 

Anelyaf a of Verf anca for Toluene 

Degree• Su. or MHn Crfttcel 
or freedom Square• Square• F Ratfo F Value 

1 15.2503 15.2503 55.8822 e.a1 

5 1.3899 0.2740 

B 16.8202 

There ts e sfgnfffcent dtrrerence betlr .. n th• treeCllenca. Three-cycle 
solvent extrectfon ta better. 

Anelyafa of Variance for Xylanea (total) 

Degre•• S111 or Meen Crttfcal 
Source or freedCll Square• Square• F Ratio F Value 

Betwaan Groups , 0.0445 D.0445 D.0438 e.e1 

Wf thf n Groupe !5 5.0738 1.0148 

Total a 5.1183 

There f e no 81 gn1 f1 cent df rrerenCll betwen the tNetllentao 
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Source 

Between Groupe 

Wt tht n Groups 

Total 

TABLE G-4 (Conttnued} 
ANALYSIS OF VARIANCE RESULTS RJR Cl:J!PARING TliREE<fCLE SOL VENT 
EXTRACTION AT PLANT M WITH PRESSURE FILTRATION AT PLANT C 

Anelyats at Vutance tor lnthracene 

Oegreea Sum of MHn cr;ttcal 
or freedm Squares, Squares F Ratt o F Value 

1 3.8!551 3.85158 38.7383 s.ss 

7 o.7348 0.1048 

a 4.5903 

There ta• atgntrtcant dttrarence between the treet11enta. Three-cycle 
aolvent extrectton ta better. 

Anelyata or Variance tor Benz(a)enthracene 

DegreH Sim of MHn Crt tt eel 
Source of freedca SquerH SquerH F Retta F Velue 

Between Groupe 1 4.48!52 4.48152 92.5877 s.ss 

Wt tht n Groupe 7 0.3381 0.0484 

Tatel a 4.11243 

There t •• at gnt rt cent dt rrerenGll between the tl'NtMnte. 'nlree-cycl~ 

aotvent extrectfon te better. 
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Source 

Betnan Groupe 

W1 tht n Groupe 

Total 

T.ASLE G-4 (Continu•d) 
ANALYSIS OF VARIANCE RESULTS FOR QJ4PARING THREE-CVCl.E SOLVENT 
EXTRACTION AT PLANT M WITH PRESSURE FILTRATION AT PLANT C 

An•lyeia or Vartanc• for S.nzo(•)pyrane 

Dagreea Sum or Maan Cr1t1cal 
Of f rHdC. SquarH Squaraa F Ratio F Value 

1 !5.5823 !5.5823 !528.1219 !5.59 

7 0.0140 D.0108 

8 !5.8383 

There ta a a1gnff1cant difference beClleen the traetllente. Thre~ycle 
eolvant axtractton ts better. 

Anelya1a of Var1anca for Bte(2-.thylhexyl)phthelata 

Degraaa S111 of Mean Crt tf eel 
Source or rreedm Squeraa Squerae F A8tt o F Value 

Bec.aan Groupe 1 3.02915 3.02915 1.8884 !5.59 

Wt tht n Groupe 7 12.72!58 1.8180 

Total B 15.7!554 

There ta no atgntttcent difference betlle8n the traetllenta. 
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Source 

Be tween Groupe 

W1th1 n Groups 

To tel 

TABLE G-4 (Continued) 
ANALYSIS OF VARIANCE RESULTS FOR COMPARING THREE-CYCLE SOLVENT 
EXTRACTION AT PLANT M WI'Tli PRESSURE FILTRATION AT PLANT C 

Anelya1a of Ver1ence for Chryaene 

Oegreea S1.111 of Mean Cr1C1cel 
of freedom Squares SquarH F Aat1 o F Velue 

, 4.0703 4,0703 58.8033 s.ss 

7 0,4882 o.oass 

a 4.5584 

Thara 11 a stgntf1cant df ffaranca bataean cha traaaianta. Thrae-cycla 
solvent axtract1on 1• batter. 

AneLy1t1 of V1rf1nc1 for Nephth1ltnt 

OegrtH Sm of Mten Cr1ttctl 
Sauret of freedom Squ11ra1 Square• F R8t1o F VeLua 

Batlleen Groupe 1 0.04!! a.a4SS o.osa4 5.59 

Wt thin Groupe 7 8.0755 0.81179 

Total a a.1210 

There ta no ef gnf ff cant dt fi'arenca between the trHtmntl. 
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Sou re• 

BetwHn Group• 

Wf th1 n Group• 

ToUl 

TABLE G-4 (Continued) 
ANALYSIS OF VARIANCE RESULTS FOR COMPARING THREE-<:YCLE SOLVENT 
EXTRACTION AT PLANT M WITH PRESSURE FILTRATION AT PLANT C 

An•ly•1• of Varf•nC9 for Phenenthr•n• 

O•grH• Su. of MHn Crftfcal 
of frHdm Squerea SquuH F Ret1o F Valu• 

1 12.8859 12.asss a1.zs1 s.ss 

7 1.4S&O o.2om 

8 14.3219 

Th•rt1 t • • 11 gnf rt cent df fferenc• betll••n the trutaenta. Thr•.-c:ycl• 
ealvent extrectfan f e ta.teer. 

Anllly•f • of Varf anC9 for Pyr•ne 

DegreH SYI of Meen Crf tf cal 
Source of freed• SquerH SquerH F RU1o F Value 

SetaHn Group• 1 10.D48t 10.048t 135.8830 !5.H 

Wt th1 n Group• 7 D.5184 0.0141 

Tot•l 8 10.5878 

There ta a •f gnf rt C8nt dt fferena. betnen the treet•nta. Three-cycle 
•alvent.•xtr.ottan 1• better. 
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Source 

Bet .. en Groupe 

Wt thf n Groupe 

Taul 

TABLE G-4 (Continued) • 
ANALYSIS OF VARIANCE RESULTS FOR CCJ4PARING lliAEE~YCLE SOLVENT 
EXTRACTION AT PLANT M WITH PRESSURE FIL~ATION AT PLANT C 

Anely111 of Vertence for p~reaol 

Degrees SU11 or Mean Crtttcel 
or f reedm SquerH Squeree F Rufo F Value 

1 D.1970 D.1970 113.8101 5.59 

7 0.0121 0.0011 

8 o.20s2 

There fl e e1gn1f1cant dtfference between the treetaente. Three-cycle 
eolvent extrectf on 1• better. 

Anelyeia of Vertance for Phenol 

DegrHa S111 of Meen Critical 
Source or f reedCll 9quer .. Squerd F Retf o F Value 

Betaeen Groupe 1 0.0110 0.0110 o.aa12 s.se 

Wt th t n Groupe 7 1.2!584 D.1798 

Total a 1.2704 
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Source 

Between Groupe 

Wt thin Groupe 

To tel 

TABLE G-5 
ANALYSIS OF VARIANCE RESULTS FOR COMPARING niREE~a.E 
SOLVBfT EXTRACTION AT PLANT M Wini PRESSURE FILTRATION 

AT PLANT D 

Anelyefs of Verf ence for Benzene 

Degre ea 
ot frHdm 

1 

5 

a 

Sum of Meen 
Square• Squer•• 

10.2594 10.2594 

1.3898 0.2740 

11.8293 

F Retta 

37.4468 

Crtttcel 
F Velu• 

a.a1 

There ta e etgntftcent difference between the treeaii.nte. Thrercycle 
solvent extrectton te better. 

Anely•t• of Vertence tor Ethylbenzene 

Degre ea Sm ot Meen Crt tt eel 
Source of freedm Squeree Squeree F Retta F Velue 

Between Groupe 1 10.5078 10.5078 11.25• a.a1 

Wt tht n Groupe 5 3.2322 o.&•4 

Tatel 8 13.7388 

There t e • et gm ft cent dt tterence betwen the trutaenta. '111rercycle 
solvent excreocton te better. 
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Source 

Between Groupe 

Wfthfn Groupe 

Tatel 

. 
TASLE G-5 (Cantfnued) 

ANALYSIS OF VARIANCE RESULTS FOR CCl4PARING THREE~CLE 
SOLVENT EXTRACTION AT PLANT M WITH PRESSURE FILTRATION 

AT PLANT 0 

Anelyafe af Verienca far Toluene 

Degrees SUll af Maen Critical 
af freedClll Squeree SquarH F Alltf a F Value 

. 
1 20.4S03 20.4803 74.8418 8.81 

15 1.3899 0.2740 

6 21.8202 

There ta • afgnf ftcant dtffarance betaeen the treataenta. Thre.-cycle 
solvent ••trectton ta better. 

Anely•1• of Vertance for Xylene (total) 

DegrH• Sia of Mean Critt Clll 
Source of f reedm Squer .. Squer .. F Auto F Value 

BetarHn Groupe 1 2.9847 2.9847 2.9218 a.81 

Wt th t n Group• 15 15.0738 1.0148 

Total a B.038& 
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Source 

·-
Between Groupe 

Within Groups 

Total 

TASLE G-5 (Continued) 
ANALYSIS OF VARIANCE RESULTS FOR IDIPARING niREE~CLE 
SOLVENT EXTRACTION AT PLANT M WITii PRESSURE FILTRATION 

AT PLANT D 

Anelyaf a of Variance ror Anthrecane 

DegrH• Sua of MHn Critical 
or rreadOlll Squares Squares F Retta F Value 

1 1.82!54 1.S264 17.3932 5.59 

7 a.7348 D.1048 

8 2.ssaa 

There Is a efgntrtcant difference between tha treataente. Three-cycle 
solvent extraction fa batter. 

S1a of Mean Crftfcal 
Source Squar" SqU11ra• F Ratfo F Value 

Between Groupe 1 4.3338 4.3338 89.4837 5.59 

Wf thl n Groups 7 D.3391 D.0484 

Total 8 4.8729 

There te • atgnfftcant df ffarance between the traat11anta. Three-cycle 
eolvent eatractfon I• batter. 
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Source 

Between Group• 

W1 thf n Groupe 

Totel 

TABLE G-5 (Continued] 
ANALYSIS OF VARIANCE RESULTS RJR COMPARING ntREE~YCLE 
SOLVENT EXTRACTION AT PLANT M Wint PRESSURE FILTRATION 

AT PLANT D 

Anely1fa of Verfance for Benzo(e]pyrene 

Degrees SLlll or Mean Crftf cel 
of frHdCll Squuea Squeree F Retfo F Value 

1 2.74-13 2.74-13 259.5746 5.59 

7 0.0140 0.0101 

8 2.8189 

There 1a • a1gntftcent difference bet11een th• treetllente. Three-cycle 
1olvent eatrectton ts batter. 

Source 

BetaHn Groupe 

W1 tht n Group• 

Total 

Alwlye1e or Vertence for Bt1[2-.thylheayl)phth1let1 

DegrH• 
or freedlll 

1 

7 

B 

Sia of Meen Crtttcel 
Squ.r.. Squ.re• F Aetto F Velu• 

o.1as2 0.18152 o.101a s.sa 

12.72!8 1.8111J 

12.8110 

There 1• no atgntftcenc difference between th• treec.nte. 
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Source 

Between Group• 

Wf thi n Groupe 

Toul 

TABLE G-5 (Contfnued) 
ANALYSIS OF VARIANCE RESULTS FOR Cl>IPARING T14REE~YCLE 
SOLVENT EXTRACTION AT PLANT M WITM PRESSURE FILTRATION 

AT PLANT D 

Anelyaf& of Vertence for Chryeene 

OegrH• Sum or Me en Crfticel 
Of frHd09 Squue1 Squue1 F Retfo F Velue 

1 4.7934 4.7934 89.0150 s.ss 

7 D.4812 0.089!5 

a 5.2798 

There fa a sfgnfffcenc difference bet:lleen the creetaence. Thre~ycle 

solvent excreccton 1• better. 

Anelyete of Vertence for Nephth•L•ne· 

Degree• Sm of Meen Crt ct cal 
Source of freed• Squeree Squeree F Ret1 o F Velue 

Bet:llHn Groupe 1 0.0830 o.o83o o.oea !5 .!59 

W1Chtn Groupe 7 8.07!55 O.E79 

Totel 8 8.1 sm 
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Source 

Be tween Groupe 

Within Groupe 

Tot•l 

TABLE G-5 (Continued) 
ANALYSIS OF VARIANCE RESULTS FOR Cl:J4PARitfG nfREE~YCLE 
SOLVENT EXTRACTION AT PLANT M Winf PRESSURE FILTRATION 

AT Pl.ANT 0 

An•lyai• or Variance for Phenanthren• 

Oegreea Su11 or Mean Critical 
of freed Oii Squ•rH Squmree F Ratio F Value 

1 7.7294 7.7294 37 .1Bo4 s.ss 

1 1.4S80 o.2oaa 

B 9.1854 

Th•r• ta• aigntrtcant dtrfer•nc• betltaan th• treetaenta. Thr•e-eycle 
solvent axtrectton ia bett•r. 

An•lyata af Y•r1enc• rar Pyr•n• 

DegnH 9&11 of Mean Crtt1cel 
Source or rraedm Squer•• SquerH F Retta F V•lue 

Betltaen Group• , 9.4291! 9.4291! 127 .3128 s.ss 

Wt tht n Group• 1 o.s148 0.0741 

Tatel B 9.9477 

There t • • •t "9trt cent dt rference betlnlen th• trHtmnu. Thrae-eycl• 
•olvent excreottan ta b•tier. 
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Source 

Between Groupe 

Wi tht n Groupe 

Total 

TABLE G-5 (Continued) 
ANALYSIS OF VARIANCE RESULTS FOR CC14PARING TiiREE-CYCLE 
SOLVENT EXTRACTION AT PLANT M WITii PRESSURE FILTRATION 

AT PUNT 0 

Analysis of Variance ror p-Creeol 

Degrees Sum of Mean Critical 
or rraadcn Squares Squmraa F Ratio F Value 

1 0.03BB 0.03BB 22.2888 s.ss 

7 0.0121 0.0011 

8 0.0608 

There i• • 1igntrtcant dtrrerance betllean th• traatllanta. Three-cycle 
solvent extractton ta battar. 
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TABLE G-6 
ANALYSIS OF VARIANCE RESULTS FOR CDIPARING A.UIDIZED BED 

INCINERATION AT PLAHT A AND STABILIZATION AT PlANT'I 

Anel yef e of VU'hnc:. tor Anti 110ny 
C.perf eon ot All Four Tl'HtaenU 

0.gl'HI 9111 ot 
Source of f1'9edom Sqllll'H MHn Sqllll'll F Aufo 

Be ewe n Groupe 3 3.3081 1 .1017 WI .1771, 

Wf thin Groupe ,, a.138' a.a1m 

Taul 14 3.4'112 

Critf cal 
F Velue 

3.58 

There fe e afgnf tfcant df tterence. i.ui .. n th• tour tr111-1nt11 tlufdf&ed t.d f ncf .. ratfon 
fa ii.et. 

Anely1f1 of Verfenae tar Anifmony 
Cmperfean ot C..ni, ltln DliH, end L1• .nd F\y Aafl Stebtlfmtfan 

0.gr .. a 9111 of 
Sour ca at ,,...d .. Sq ...... Miian Sq•l'H F Anf o 

Between Groupe 2 a.ae1 a.aaa 21.•1 

Wfthfn Groupe 9 a.ODIS a.aaa1 

ToUL a a.aua 

There f 1 1 af gnf tfOllnt df tf'lr•,.. i.ca .. n ceMnt, kf ln m.t, Ind l 1• and 
fly eafl atabflfmtfan t,...t111nt1. 
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. TABLE G-6 (CantfnuedJ 
ANALYSIS OF VARIANCE RESULTS FOR CDIPARING R..UIDIZED BED 

INCINERATION AT PUNT A AND STABILIZATION AT Pi.MT x' 

Source 

Bec.een Groupe 

Wt tht n Groupe 

To tel 

Anelyete of Vertenee for 4ntt110ny 
Cami-rtean BeClleen C.•ent end Ktln Duet Stebtltzetton 

Degreee Sl.9 of 
of freedall Squeree Mien Squeree F Aetto 

1 0.0317 0.0317 2•.0151 

4 0.0083 0.0013 

! o.o37a 

Crt tt eel 
F Velue 

7.71 

1"el"e tee etgntttcent dtrrerence bei.een the e-nt etelltltmcton end ktln dun 
etelltltzecton Cl"ee111ence1 ce•ent etelltltzet1on tl"ee•ent te better Chen kiln 
duet ecalttl tncton creetmnc. 

A,..lye11 of Ver1enca ror Ant180ny 
Cmpmr1eon lei.en C-nc and Lt .. and Fly Aati Scell1l tmt1on 

C.enc 1t.t11Ltzec1on encl lt• encl rly • etalttltzuton cannot be cm.-red by MUNA 
beceuM eech dH• uc h•• • ecenderd d•tetton or nro. B••d on Judo-nc, there 
f1 no atgntrtcenc dtrrerenae bec.een the two cr••enca. 

Anelyet1 or Yertence ror Anct .. ny 
C..pmrteon h•een Ktln Dun encl Lt• end Fly Aatl 9Celtt l t zect on 

a..,. .. s .. of Crt ct eel 
Source otrre- Sq .. ,.. Mien 9q•l'tle F Aecta F Y1l• 

BeCltHn 8roupa 1 a.as• a.as• 21.7"1 7.71 

W1Clltn a,...a • a.ams a.aa1a 

Tatel I a.oca 

There t1 1 11gn1ffaant df"9ra,.. beCltHn Che kiln dat 1ce1ttlfzec1on end lf• end 
rly 11111 eceb1lfmttan C1'9111mlntll Lt .. end rly 1111 et111tltzmt1an cree1m1nt t1 
better Chen ktln duet 1calt1lt111tan C1"eetm1nc. 
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TABLE G-6 (Continued) 
ANALYSIS OF VARIANCE RESULTS FOR COMPARING FLUIDIZED BED 

INCINERATION AT PLANT A AND STABILIZATION AT PLANT I' 

.. 

Anel yeh or V•rhnOI ror Ar•n1 c 
Ce11 .. rhon of All Four Tr•H•nt• 

Dagr••• 9111 or 
Source or treedm SquerH MHn SquerH F Auto 

Bet•en Groupe 3 8.1370 2.a.57 29.8718 

Wf1:hfn Groupe 11 o.•H o.01ae 

Toul 14 7.0G34 

Crtttcel 
F Velu• 

3.!B 

There t • • etgnftfcent dtt'9renm bec.een the rour tree•enu1 tlut d1 zed bed t net nernt on 
t • woret. 

Anel yet• of Verhnm tor A,...ni o 
Cm .. rteon lei.en C...nt end ltfln OuH Stallfl fzatfon 

C..nt eullHtznton end ktln duet •t•Ht11t1on e11nna• Ill cm119Nd by MOVA 
111e11u• Heft cine •C hH • eienderd ct.tecton of zero. ll•d on Judg-nc, cttera 
f • no et gnt rt cent dt tr.,..,.. be c.een the tllo tr•e-nu. 

Analyef1 of V.rt1t1oe fOf' Ar•ntc 
c. .. rteon le•een C.ent encl Lt• end A.J Alh ltaMLtzetton 

Source 

a.caeen Groupe 

Wt Utt n 8roupe 

o. ..... °' ,,. .... 
1 

4 

I 

9111 °' .. ...... 
a.aaaa 

a.aaaa 

a.aaaa 

,. .......... 
a.aaaa 

a.aaaa 

F A.cfo 

1.aaaa 

Crf tfCll 

F Value 

There 11 not • et gnt ft•n• d1 fr.,..,.. Ill tHen the ce•n• etellf lt zett on end L I• end tl y 
•• •talttlt1111tan ,,__nt•. 
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TABLE~ (Continued) 
ANALYSIS OF VARIANCE RESULTS FOR C04PAAING FLUIDIZED BED 

INCINERATION AT PUHT A AND STABILIZATION AT PUHT I• 

Anelyafa of Vertance tor Ar .. ntc 
Collpertaon 8etaeen KfLn Duet and Lt .. end Fly Aah Stab1Ltzet1on 

Source 

S.tarHn Group• 

Wf ttl1 n Groupa 

To tel 

0.Ql'aH 
of traedoa 

1 

s .. ot 
Squ.rae 

0.0511 

a.ossa 

a.11m 

MHn Squ.ra• 

O.OSl!ll 

a.0138 

F Retfo 

•.oaaa 

Crf tt eel 
F Velue 

7.71 

There ta not• afgnfffcent dffferanc:m batarHn the kftn duet atebflfzatfon end L1 .. end fly 
Hh atebf L tmtfon trMtmnta. 

An•lyafa of Verfenc:m for larf&m 
Ccaperf •n ot AL l Four TrM menu 

0.111"•• s .. ot Crf tf cal 
Source of frHd• ... ,... Main Sq111raa F Altfo F Yalu• 

Setwen aroupa 3 2.DS77 0.17• !11.38'7 3.51 

Wfthtn Groupe 11 0.1191 a.0111 

Tatel 14 2.11111 

There ta• •1Fftfoant dffhra- batm••n th• four tr•• .. ntas Li• and fly •eh 
atebflfmtfon 1• worat. 
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TABLE ~ (Continued) 
ANALYSIS OF VAAIAHCE RESULTS FOR COMPARING FLUIDIZED BED 

INCINERATION AT PLANT A AHO STABILIZATION AT PLANT I. 

Anelyete ot Vertence for Bert.,. 
Collperieon ot Flutdfzed Bed Inctneretfon, Ce•ent Stetlflizetfon, end Kiln Duet Stebflfzetton 

0.Ql"He Si. ot Crt tf eel 
Source ot trHdm Sq•ree Mien SquerH F Aetto F Velue 

lletaHn Groupe 2 a.1972 a.as• 7.4807 '·21 
Wt thf n Groupe 9 a.1111 a.0132 

To tel 11 a.31113 

There tee etgntttcent d1tf9renm betnen tlufdhed bed tnotneretton, m•ent HatttLtzetton, 
end ktLn duH etebfl tntton tr•aiante. 

Aneilyefe ot Vertence tor lart .. 
C.pertean lee.en Flutdtnd led Inctnaruton end C-nt 9tab1ltntton 

Source 

lee.an Groupe 

Wtthtn Group1 

ToUL 

Dllll"H8 
ot tread• 

1 

7 

8 

9111 ot 
9q111re1 

a.ama a.ODDI 

F Auto 

13.31111 

Cr tit eel 
F V1Lu1 

Thar• t 1 • et gnt ttcant d1tf9rerm be tann the tlut cit zed bid f no1 naretf on and caunt 
etlbfltatton trumani•• tlutdtzad bid tncfneNtton truman1 fl blctar then 
ce•nt Haiti l t Htf on trea .. nt. 
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TABLE G-6 (Continued) 
AHALYSIS OF VARIANCE RESUL·TS FOR CCJ4PARING FLUIDIZED BED 

INCINERATION AT PLANT A AHO STABILIZATION AT PLANT I' 

An•ly•t• of V•rt•nca for B•rt .. 
Campmr11on B•tll••n Flu1dtz•d B•d Inctft9r•tton •nd Ktln Duet Stabfl1zat1on 

0.grH8 9• of Crt tt c•l 
Source of frHdall 9q&mN8 MHn Squer•• F Auto F Value 

Bet11Hn Group• 1 a.aa41 a.aa41 2.91518 4.10 

Wt tl'lt n Groupe 1a a.01'8 a.001s 

TouL 11 a.a111 

Th•r• ta not• atgntftc•nt df,,•Nnm bHIHH th• flutdtHd bed tnctnernton mnd ktln 
duet •t•btlt111tton tr••-n••• 

An8lye1• of Vertenae far lertW1 
Cmparteon lie.Mn C..nc •nd ltln Du•t 9Cabtlt111cton 

0.gr•• ... ,,, Crttt cal 
Source of tr.ad• 9q1arH Mien Square• F AaC1o F Velu• 

lllltw•n Groupe 1 a.1u1 a.11151 1517 •• 11 7.71 

Wtttltn Group• .. a.aam a.amt 

Total s a.11!11 

Th.,.• ta• atgntftcanc cit,,.,.._ be•Hn th• .... "' nelrHtzacton •nd ktln dun 
aubH t111cfon tNatmnca1 kiln dun •Hbtl t111cton tr•-nl ta better than cmant 
atabtltz•tfon tr••••nc. 
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TABLE G-6 (Continued) 
ANALYSIS OF VARIANCE RESULTS FOR COMPARING A.UIOIZED BED 

INCINERATION AT PLANT A ANO STABILIZATION AT PLANT I • 

An•ly•i• of Y•rt•nc• for °'"cmtu• (tot•l) 
Compert•on of All Four TrHCll•nU 

0.gl'9H Sm of 

Source of freedm Sq&el'H MHn Squer•• F Aetio 

S.tl!Hn Groupe 3 a.ams 0.3Dn 74.81521 

Wt tht n Gl'oup• 11 0.04'1 o.aa.a 

Toul 14 0.9514 

Crt ti c•l 
F Velue 

3.59 

Then t• • •1gntftcent cHrt•l'•nce betmHn di• foul' tl'Htmnua Li• end fly •8tl 

•Cabtltz•Cton t• be•C. 

Anelye1• of V•rhncl9 for °',..h• (tot•L) 
C:O.si-rt eon of Flut d1nd led Inc1neret1an, C-nt St•bH t111tton, •nd ltln Dian SubH tmtton 

Source 

S.i.e•n Group• 2 

Within Group• s 

ToUl 11 

S• of 
Squ.l'H 

o.oas 

o,03aa 

O.D .. 3 

0.0211 

O.OCMI 

F llU1a 

s.151!11 

Cr1t1ceL 
F Yllu• 

4.21 

Th•r• t8 • •1"'1'1.:.nt d1ff'tNnm be•Hn flu1dtzed b9d 1no1Mr1'1an. anent H8111l1zetton, 
end kHn dud 1t1bH t111ttan tr•tmnu. 
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TABLE G-6 (Continued) 
AHAL YSIS OF VARIANCE RESULTS FOR CC14PARING R.UIDIZED BED 

INCINERATION AT PLAHT A AND STABILIZATION AT PLAHT I' 

.· 

Anelyeil of Ver1ence for Chrcatum (total) 
C..pe rt eon Between Fl ut dt zed Bed Inct nereii on· end C.•ent Stebt Lt zett on 

Sourae 

Between Groupe 

Wi tM n Groupe 

Tatel 

Degl'eee 
of freedom 

1 

7 

a 

Sim of 
Sq .. ,. •• 

a.0141 

a.29M 

a.3729 

Mun Sq .. ree 

a.0741 

a.a ... 

F Retta 
Crttt eel 
F VeLue 

s.ss 

The,.. te not e •fF1f1ceni difference betaeen ttle flu1dhed bed tno1nerH1on end ce•ent 
ei.bt l tntton tree•nte. 

Anelyete of Ver11fte19 for Cltl'Gl1 .. (toteL) 
Ccllpmrteon letmen Flu1d1ad led Inc1neret1on end ltLn Duet Stelltl 1at1on 

Sourm 

1 a.n• 

Wittlin Groupe 10 a.37• 

To UL 11 0.1171 

MHn .... rH 

a.n• 

a.os11 

F Aetto 
Cr1CtceL 
F VeLue 

There t e • et F1f1oanc dt f'9r•,.. Che ••••n flut ctt nd md 1 no1 neret1 on end k1l n 
duet etebtl 1acton ,,..._nce1. kHn dud Helltl tact on Cr•-nt 1• i.ccer Chen 
rtut dhed md t not neret1 on tr• .. nt. 
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TABLE G~ (Continued) 
ANALYSIS OF VARIANCE RESULTS FOR COMPARING FLUIDIZED BED 

INCINERATION AT PLANT A ANO STABILIZATION AT PL.ANT ~ 

Sau rm 

BetllHn Groupe 

Wt ttlt n Group• 

Total 

Anely•t• of Vert•nc:e for QlraetU11 (total) 
C:C.pert•on B•Ct••n C..ent and Kfln Du•t Stabtlfzatfon 

0.gnH Sia1 of 
of freedDll SquerH Mean Square• F Retta 

1 o.oaas 0.0099 11.1973 

4 o.am3 o.aaaa 

!5 0.0121 

Crftfcal 
F V•lue 

7.71 

'nl•re t • • •f gntft mni cttffa,..nce bat:men ttla cemnc •Cebfl fntton and ktln dun 
•C.OHfzeC1on trH••nte1 kiln dud nebilfzecfon trH••nc fl •uer tflen cat1enc 
atebfl tmtton tr•tmnc. 

Anelyata of Yertence for Capper 
CCllperf•n of All Faur TrHtmnU 

o.gr ... a .. of Cl'tct eel 
Source of frHd• 1q .. ,... Mean S..•re• F Al!Cto F Value 

Ba c..e n Groupe 3 9.07!1 3.Dlll 14.3Clll 3.!51 

Wtctlt n Groupe 11 2.381 0.2111 

Taul ,, 11 • .a17 

There 1e • at ~1'tceni dt ,,.,..,.. ••••n ell• four trw•••ntel flut dhed bed t net ner1c1 on 
t 1 wo,..c. 
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TABLE G-6 (Continued) 
ANALYSIS OF VARIANCE RESULTS FOR CIJtPARING FLUIDIZED BED 

INCINERATION AT PLANT A AND STABILIZATION AT PLANT I • 

Anely•1• of V•r1enc:e for Capper 
Calper11on of C..enc, Kiln Duet, 1nd Lf .. end Fly Aetl Steb1L1zet1on 

DllgreH Sm of Cr1t1c•L 
Source of freedm Sq111r11 Mun Sq111re1 F Au10 F VeLue 

lleCll•en Broupe 2 o.u13 0.0101 o.1aa 5.1' 

W1 th1 n Broup1 8 2.3211 0.3177 

To tel 8 2.•79 

There h noc 1 11 gn1f1cent d1 ft.rence .. Cll•en ce•ent, kiln duet, encl L 1• end fly 
•lh 1teb1lfzmc1on treet1111nce. 

Souroe 

lletmen Broupe 

W1t"1n Groupe 

Taul 

_Anely11• of Ver19"C9 for N1c .. l 
Cca .. r1eon of All Four Tr•t1111nte 

Dlgr•• s .. of 

of freed• ........ M .. n lllu.ree 

3 O.CllCJI 0.0111 

11 0.1•• 0.0131 

14 0.1•1 

F Aec1o 

1.ama 

There 1• noc • 11 gn1 f1•nc d1 ft.renm .. •een Cite four cr .... nca. 

Anely•1• of Var1enoe for lelant • 
C.. .. r1 aon of All Four Tr .... nca 

a. ..... s. of 
Sour• of fl' .... Squ.r .. Mien Squ.,... F Aet1o 

Be•een arau.,. 3 s.11a 1.117• 1.1170 

W1 Chi n Groupe 11 ..... o ••• 

Toca 14 1.530 

Cr1C1 eel 
F Velue 

3.51 

Cr1 t1 cal 

F Vel• 

3.91 

There te • e1 gn1 f1cenc d1 ft.renm .. •een th• four cree.ent1 flu1 d1 zed .. d 1 nc1 neree1 on 
fl WONCe 
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TABLE G-e (Continued) 
AHAL YSIS OF VARI AH CE RESULTS FOR CD4PARING FLUIDIZED BED 

INCINERATION AT PLANT A AND STABILIZATION AT PLANT t 

Anely•i• of Verience ror Selaniim 
t:c.pariaon of C..enc, Kiln Duac, and Lt .. end Fly Aati 9teb1ltzecion 

Source 

BetllHn Groupe 2 

Wi th1 n Groupe a 

To tel a 

MHn Squeree 

2.00111 1.00IJ7 

a.ma a.01f11 

2.011157 

F Recio 

!D.'250 

Cri Ci eel 
F Velue 

Th.,.• 1e • •1 gnt rt cent dt rrerenm be111Hn cement, kt ln duet, end lt• end Ply eatt 
nebtl tzatton tr .. mente. 

Source 

Bee.en 6roup1 

Wf tht n Groupe 

Taul 

AneLyefe of Yerfenae ror 9elenf111 
Ca1s-rteon lee.en C-nt end lHn ~H hebH 1ntfon 

"''" ........ F Aetfo 

1 a.11oa 0.710I 1U.3701 

4 0.01111 o.aM 

5 

Cr1tfc:el 
F VeLue 

7.71 

There 1e e •1gntrfc:ent cHffWlrenm betllHn th1 ....... 8'91tflfzetfon 1nd kfln duet 
atebfl1zatton tr11t1111nt11 Clllllnt atebfLfzatfon tr .. t1111nt fe better then kfLn duet 
•tabf L f&Hf on tre.c•1nt. 
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TABLE G-6 (Continued) 
ANALYSIS OF VAAIMCE RESULTS FOR COMPARING FLUIDIZED BED 

INCINERATION AT PLANT A AND STABILIZATION AT PLANT I • 

Anelyet1 of Vertence tor Selent1a 
C011pert1an Bet11een C.••nt end Lt .. end Fly Alh Scebtltzecton 

DegreH Sum of 
Source of fN•dm SquerH Mun SquerH F Auto 

Bet:11een Groupe 1 a.aaaa a.aaaa 28.210 

Wt Chin Gl'Oupe 4 a.oaoa a.aaaa 

To tel s a.aaaa 

Crt ct eel 
F VeLue 

7.71 

TheN fl• etgnittcenc cttrfa,..,.. bH11Hn the ce•enc ei.01ltznton end Lt• end fly 
•eh 1Ubtltmctan CHei.enu1 Lt• end fly •eh etebtltmcton c .... i.enc te bet:t:er 
t:l'len cennc et.Of l tzeifan crn••nt:. 

Source 

Batmen Bl'Oupe 

Wtt:htn Groupe 

Toul 

Arwl yet • of Vert.,. fOI' S.l en1 • 
Cmperteon •-n lttn Duec end Lt• end Fly A• 9te11Htncton 

Dear•• 
of freed• 

1 

4 

9 

Sm ot 
aq ...... 

1.1793 

D.0531 

2.DIM 

F Reeta 

1.1751 141.MGI 

D.D131 

CrtttceL 
F VeLu• 

7.71 

There te • etgntftoenc cttffare,.. lle• .. n the kfln duet et:ellUtzecton end lt• end 
fly •-" 1t:ellH fncton t:r•-nt•r l fH end fly •eh et:ellfl tmcton ,,.._nc fe 
bet:t:er then kiln duet HelltLtzecton t:r••••nc. 
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TABLE G-8 (Continued) 
AHALYSIS OF VAAIAHCE RESULTS FOR a:JMPARIHG FLUIDIZED BED 

INCINERATION AT PLANT A AND STABILIZATION AT PLANT I• 

Source 

Bee.en Groupe 3 

Wtclttn Sroup11 11 

To UL 14 

Anlll y111 of V.,.t enae for Vened1111 
Calpert eon of All Four Tr•• imnu 

Sta of 
Squml'H 

21.2771 

0.1134 

21.3"0 

Mun 9quml'H 

7.4191 

0.0103 

F Auto 
CrtttmL 
F Velue 

3.89 

There te • etgn1ftcanc dtff91'enae bU•Hn Ch• four tr••••net1 Lt• end fly •eh 

HtbH tntton te beet. 

AneL reh rd Vuience tor Ye•dt m 
Cmper1•n of Flufdfnd led Incfnerufon, C-nt Scebfltmtfon, end lfln O..et 9C•bfl1mcfon 

Source 

lie.en Groupe 

Wfchtn Sl'OUPll 

To UL 

Dlgr ... 
rd treed• 

2 

9 

11 

9• ,,, 
aq .. ,. .. 

a.a• 

11.Sall 

•••• 
D.1741 

F Recto 
CrfcfceL 
F VtLue 

••• 

There he efgn1ffcent dftfllre.- ..... ,. '1ufdf11d i.d fnafneretion, aa•nt euofLtzecfon, 
end ktln duet ecebfltmtfon tr .. cm.nte. 
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TABLE G-6 (Continued) 
ANALYSIS OF VARIANCE RESULTS FOR ~PARING R.UIDIZED BED 

INCINERATION AT PLANT A AND STABILIZATION AT PLANT I • 

Anely•i• of V1r1•nce for V1nedi 19 

C:O.si-riton 8111111n Fluidized B•d Inciner•tion end C.••nt Stebiltzet1on 

Dlgr .. • Sim of Cr1 tt eel 
Source of ,,..ldm Sq .. ,. .. MHn 9quer11 F Aetio F Velue 

Blt:1111n Groupe 1 a.H• a.H• ••• ,1 4.91 

Wt thin Group• 1D 0.3711 a.m11 

To tel 11 a.1371 

There t 1 e 1i gni fie11nt d1 f'9r1nm b1t•11n th• flut ctt zed bid i no1 nerei1 on end ceaent 
•tebH tut1on tr .. 1:m1nu1 c:amnt 1t1b1l tmtion tr111:m1nt ii bitter than flutdiud 
bid i nci nerni on tr .. •ent. 

Anal y•t • of veri ance ror Y•nectt • 
CmperiMn Bee.en Fluidized led Inciner.cton and ltln ~n Stabtl tZlition 

Source 

Bltllllen Group• 

With 1 n Group• 

Total 

D11r•e 
of fl'Hd• 

1 

7 

I 

9111 of 

S..•re• 

a.HM 

D.3719 

Miian a..•re• 

a.a• 

F AU1o 

1.1sm 

Crit1CllL 
F Velue 

9.51 

There h not• 1tgntr1e11nt cttrr.re.- bl11111n the flu1dtzed bid ino1•ret1on end kiln 
duet 11tab1L tntion tl'H1:m11C1. 
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TABLE G-6 (Continued) 
AHAL YSIS OF VARIANCE RESULTS FOR COMP MING R.UIDIZED BED 

INCINERATION AT PLANT A AND STABILIZATION AT PLANT I. 

Anel yet• at Verlene• faf' Venedt 111 

Campef'tean Be1:11een C.•ent and Ktln Duet Stebtltz1ctan 

0.greH SUI of 
Sauf'ce of ,,. .... SqUlf'H MHn SqUlf'H F Aet1a 

•1:11Hn Gf'aup1 1 D.DIRD a.ana 12.'°84 

Wt ttlt n 8roup11 4 a.aaaa a.aa 

Tatel 9 a.a•a 

Cf'f tf eel 
F V1lue 

1.11 

ltlef'• t • • e1 gntft mnc d1 rteNnce betwHn ih• cemnt eubH fmcfan end kHn duet 
•tel»tltzec1an Cf'••••nt•f ce•enc 1tel»tltzecfan tf'eei.ent te bettef' then kiln duec 
atebtl tmtfan tr•t:mnc. 

AneLy•t• of Y•f'flftGI far Z1na 
CCll119rf ean of ALL Four Tf' .. tmnu 

O.grM1 s .. of Crfc1cel 
Sauf'ce of fNed• SqueNI Mun lliuerH F Alltf a F Y•LUI 

Bltwen Broup• 3 2.901 a.MIO 10.0711 3.91 

Wfthtn 8f'OUP8 11 D.1174 o.aaa 

Taul 14 3.048 

There f 1 1 •1 •f ff cent ctt ff9reftCll ••••n th• four tr•••nt•I flut d1 zed •ct t ncf n1f'•tt an 
f 1 waret~ 

G-47 



TABLE G-6 (Continued) 
AHAL YSIS OF VARIANCE RESULTS FOR COMPARING R.UIDIZED BED 

INCINERATION AT PLANT A AHO STABILIZATION AT PLANT r 

Anelye1e of Ver1ence tor Zf nc 
Camper11on of C.•ent, Kfln Duet, end Lf .. end Fly Aeh Stetl1ltzet1on 

W1 tM n Groupe 

To tel 

0.groeH 
of freedom 

2 

8 

8 

Si. at 
SquerH 

a.am 

a.am1 

a.aDll7 

Mun Squeree 

a.a013 

a.oaas 

F Aet1o 
Crf Cf eel 
F Velue 

TheMI fe not e a1gn1t1cent d1tterenoe bUllHn m11enc, k1 Ln duet, end u .. end fly elft 
atebH fatton treetmnce. 
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TABLE H.ta DETECTION UNITS FOR THE DEWATERS> OAF FLOAT MIXTURE SAHR.ES 

Datectton 
lllAT UIHSJITUENT lt•t t 

VOLATILE CDIBTllUENTS [pp11) 

1 Acetont trt le 70 
e Aaroletn 700 
s AorJlont trt le 70 
4 Benzene 14 
6 Bramodtchloromathane 14 
8 Bramamethene 14 
7 Carbon tetrechlortda 14 
8 Carbon dt aul rt de NB 
8 Chlorobanzane 14 

:i:: 
10 l!-Chtoro-1,~utadtena 14 

I 11 Chtorodtbramamathene 14 
N 

1e Chtoroethena 14 
18 l!-Chloroathyl vtnyl ether NB 

14 Chloroform 14 
115 Chloromathane 14 
18 8-0itoropropana 14 
17 1,e-otbramo-3-ohtoropropena 14 
18 1,2-0tbramoathane 14 
18 Dt bramomathene 14 
20 Trena-1,4'-dtchtoro-e~utene 70 
e1 Dtchlorodtftuoramethene 14 
ee 1,1-0tchtoroethane 14 
28 1,R-Otchtoroethane 14 
24 1,1-0tchtoroethylana 14 
26 Trana-1,2-dtchloroathana 14 
28 1,2-0tchtoropropena 35 
27 Trana-1,3-dtchloropropana 35 
28 cla-1,3-0lchloropropana 35 
29 1,4-01 oxana NA 
30 Ethyl cyanide 700 
31 Ethyl aathacryleta 14 

32 lodomathana 14 



-T 
u 

l,..LC: nell ----·--~ .... ,. lllC UC...ICn~ wrw 

BOAT aJNBTllUENT 

VOLATILE aJNSTJTUENTB (Conttnued) 

aa Jeobutyl •lcohol 
S4 Methyl ethyl bton• 
aa Methyl Mth•arylete 
811 Methyl •theneeul rone t• 
87 Methyl•orylonltrll• 
38 Methyl•n• ahlorld• 
38 Pyridine 
40 1,1,1,e-T•tr•ohloro•th•ne 
41 1,1,e,e-Tetr•ahlaroeth•n• 
42 T•treohloro•th•ne 
4.1 Toluene 
44 Trtbrmm•th•ne 
46 1,1,1-Trlohloroethene 

• 1,1,e-Trlchloroethene 
~ Tr t ahl aroe then• 
48 Trtchlarmonof luorm•th•n• 
48 1,e,3-Trlahloropropen• 
&O Vinyl ahlarld• 
•• Aoetone 
•• Allyl •laohol 
•• Ethyl ben•ne 
•• Ethyl•ne oxide 
•• Ht•unon• 
•• Melononltrlle 
•• +-tlethyl-e-pent•non• 
•• e-Pra~n-1-ol 

•• Styrene 
•• Trlchloramethenethlol 
•• Vinyl eoet•te 
•• Xylene hotel) 

Pl,. .... UWVTl~C ~aum CD 
,,. __ .. _ .. _ .. , . ~· ······-·- -·· -- ·-··-···---· 

Datectton 
lt•tt 

(ppe) 

14 
70 
14 

100 
70 
70 

200 
14 
14 
14 
14 
14 
14 
14 
14 
14 
36 

14 
70 
NA 
14 
NA 
70 
NA 
70 
NA 
14 
NA 
14 
14 



TABLE H.h IETECTION LIMITS FOR ntE DBllATERED OAF FLDAT Ml>mJRE SAMPLES (Continued) 

Detection 
BOAT aJNSTITUENT lt•I t 

BSllWUTILE mtBTITUENTS (ppa) 

llt Aoen•pth•l•ne . 20 

Ill! Ao8n8pth8"8 20 
158 Aoetoph.none 20 

114 e-Aoetyl••lnofluor•n• NA 
5& ..,.tnoblph.nyl 20 
68 Aniline 50 
157 Anthr•oen• 20 
58 Arult• NA 
58 llenzl•l•nthr•oen• 20 

;I! 80 llenun•thlol NA 
I 8t Benzi dine 20 
~ 

82 8.nzo(•)pyr.n• 20 
83 a.nzo(b)fluor•nth•n• NA 
84 llenzo(g,h,t)p•rvl•• 50 
85 S.nzo(k)fluor•nth•n• 20 
88 ,_..nzoqutnon• NA 
87 Bl•(l!-ohlor08thoxv)•th•n• 20 

88 ll•(l!-ohlor08thyl)•th•r 20 
88 11•(2-ohlorol•opropyl)•th•r 20 

70 Bl•(e--.thylh•xvllphth•l•t• 20 
7t 4-8rmophenyl ph•nyl •ther 100 
72 Butyl b8nzyl phth•l•t• 20 
73 e--.ec~utyl-4,8-dlnltrophenol NA 

74 p-0.loroentltne 50 

75 Chlorobenzl l•t• NB 

78 ,-Chloro~r••ol 50 
11 ~hloron•phthelene 20 
78 ~lorophenol 20 
79 3~hloroproptonltrlle NA 

BO Chryeane 20 
B1 orthO-:Creeol 20 

82 pere~reeol 20 
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TABLE H.11 DETECTION LIMITS RJR THE UEWAU:Ht:U UM ri..W\I ftAAtunc :;;.;;~ .. :::: 
... __ .... _ .. _ .. , ·-······---· 

Detection 
lllAT mtSTITUBtT Lt•lt 

ISllVDUTJLE IJWSTUUEHTB (r.onttnued) (ppm) 

88 Dlbenz(e,h)enthrec:ene 20 

B• Dlbenzo(e,e)pyrene NA 

86 Dtbenzo(e,t)pyren• NA .. ~tchlorobenzene 20 
f11 o--Otohlorobenzen• 20 
BB ~tohlorobenz•n• 20 
BB 8,8 1--0tohlorobenztdln• 100 
80 e,4-Gtchlorophenol 60 

81 e,B--Otohloroph•nol 60 

8e Diethyl phthelete 20 
83 8,8 1 --01 .. thoaybenzldln• 100 

8" p--Ot .. thyl .. tnoezobenzene 60 

86 8,8 1--01 .. thylbenztdln• NA 

88 e,4-Gt .. thylphenol 60 

f11 ot .. thyl phth•l•t• 20 

88 Dl-o-butyl phthelete 20 

88 1,4-Gtnttroben111n• 100 

100 4,8--0tnttro-o-cre•ol 600 

101 e,4-Gtnttrophenol 500 

102 e,4-Gtnttrotolu•n• 600 

108 e,B--Otnttrotoluen• 100 

104 Dt-n-ootyl phthelete 20 

105 Dt-n-propylnltroa .. tn• 50 

108 Dtphanylutne 20 

107 1,2--0tphenylhydreztne 20 

108 Fluorenthene 20 

108 Fluor•n• 20 

110 H•••ohlorobenzena 100 

111 Heaechlorobutadtane 100 

112 Haxaohlorocyclopantedlena 100 

113 Haxechloroathana 100 

114 Huechlorophana NA 

115 Hexachloropropene 100 



TABLE H.11 DETB1TIOH LIMltB FOR lltE DEWATERS> DAF FLOAT MIXIURE SAMPLES f Continued) 

= 
Detection 

BOAT amnen lt•lt 

IBll\IOUTILE mNSTITIJENTB (Continued) (ppm) 

118 lnd9nof1,2,3-cd)pyrene 60 
117 leo•frol• NA 
118 Methepyrt l•n• NB 

118 8-tlethylcholenthr•n• HA 
120 4,4 1-flethylenebtefl!-ohloroentltne) HA 

121 Nephth•l•ne 20 
122 1,4-flephthoqutnon• 20 
123 1-ftephthyl•lne 20 
124 e-ftephthyl•ln• 20 
126 p-ftt troentl tn• 100 

:I: 128 NI trobenzane 60 
I U!7 4-flttrophenol 100 

O> 

128 H-ftttroeodt~utyl .. tn• 60 
128 H-ftttroeodtethyl .. tne 100 
130 N-ftttroeodt .. thyl .. tne 200 
131 H-ftltroea.ethylethyl .. tne HA 
132 N-ftttro•a.orpholln• 100 
133 N-ftttroeoptpmrtdlne 100 
134 N-ftttroeopyrroltdln• 100 
136 6-ftttro-o-tolutdtne HA 
138 P.ntechlorobenz.en• 100 
137 Pentechloro•th•n• 100 
138 P.ntechloronttrobenz.en• 100 
138 Pentechlorophenol 600 
140 Phenemtln 20 
141 Phenenthrene 20 
142 Phenol 20 
143 l!-fltcoltne 200 
144 Pron .. tde 100 
146 Pyrene 20 
147 Befrole NB 

148 1,2,4,6-Tetrechlorobenzene 50 



TABLE H.11 IETECfION LIMITS FOR lltE DEWATERED OAF FLOAT MIXTlllE SAMPLES IC:Ont1nueai 

Detection 
BOAT CDtBTITUENT lt•tt 

satlVDUTILE mNBTllUENTB (Conttnued) (ppm) 

148 e,a,4,8-Tetrachlorophenol 100 
1150 1,R,4-Trlchlorobenzene 50 

151 e,4,15-Trlchloraphenol 100 
1U e,4,8-Trlchlorophenol 100 

•• Benzalc acid 500 

•• l•nzrl alcohol 60 

•• 4-Chlorophenr l phanrl ether 50 

•• Dlbenzoruren 20 

•• Dlbenzo(e,h)prr•n• NA 

•• 7,1e--4>1 .. thJlbllnz(•)•nthrecane 50 

•• alphe,alpha~l .. thrlphanethrl .. tn• 100 
:x: 
I •• laophorone 20 

-...J •• e-tlathf lnaphth•l•n• 20 

•• IHU traanl l In• 100 

•• 8-NI traenl l Ina 100 

•• IHU trophenol 100 

•• ~ltroaadlph•nrl .. ln• 20 

METALS (ppm) 

164 Antl•nv 8 

155 ArMnlo 0.3 

158 Barium o.e 
157 Beryllium 0.1 

158 C.cillllum 0.3 

159 Chrmtum, hexevalent 0.05 

159 Chrmtum, total o.e 
180 Copper 1 

181 Leed 5 

182 Mercury 0.02 

183 Nickel 2 
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TABLE H.ta IETECTIOH UNITS RlR TitE DBfATERBl DAF FLOAT MIXTURE SAMPLES (Continued) 

Detection 
BOAT aJNSTilUENT Lt•t t 

METALS (Contt!'ued) (ppm) 

, ... Belentm 0.3 ,. Btlver o.e , .. Thell tm 0.2 
t87 Venedtm 2 
tel Zina o.a 
•• Almtnm 20 
•• C.lctm a 

•• Cobelt ' •• Iron 3 

•• Megn••t• 20 
•• MenganeH 0.3 

•• Pot .. elm 2S 

•• Bodi• a 
•• Tin 60 

tea TOTAL CYANIDE (ppm) o.t 

t7t SULFIDE (ppm) 60 

NB =Th• cmpound ... Marched uetng en NBS library detebH• or 42,000 cmpounda. 
HA ~Th• etendllrd t• not evetl•bl•t the compound••• ••arched uatng en NBS ltbrery 

det•be•• or 42,000 compound•. 
•• = Thta oonatttuent ta not on the ltat or conatttuenta tn the BEHERIC OUALllY 

ASSURANCE PROJECT PLAN RlR LAND DISPOSAL RESTRICTlm.tS PROORAM ("BOAT"), 
EPA/&~7-0tt, March t8B7. It ta • grou~ter •onttortng conatttuent ea 
lteted tn Appendtx IX, Page 2883S, or the FEIERAL REGISTER, Vol. 61, Ho. 142. 



TABLE H. 2: DI! I EC llON LIMrTI AJA TME SL.DP OIL BIJLSION sa..IDS SAMA.ES • ICD'8 

0.hC1:1 Oft 
BOAT mtml\JBtT Lt•U 

VOLATILES (ppm) 

1 A• 1:ont ir t L • 1aaa 
2 Aorolet ft 1aaa 
3 Aoryloftt irt l• 1aaa 

' ........ !Cl 

s lrCllOCltolllor ... tfl•n• !Cl 

I ,,.._"'_ 1aa 
7 Cllrtlon ietreohlortcte SCI 
I CllrlMm dhul ft de sa 

• Clllol'Ollenmn• SCI 
10 t-alloro-1,31utedt ene 1aaa 
11 Clllorocttbrcm ... tfl•n• SCI 
11 Cllloroe•.,. 1aa 
1S 1-atloroettlrl Yt "'L et11er 100 
1• CllloNfore sa 
19 Clll or-tflene 100 
11 3-Glloropropene 1aaa 
17 1,1-CH brcm...a-citlloropropen• 1aaa 
11 1 .a-Gt brcm••- sa 
19 Ot brcm ... 1:ft•n• sa 
211 T,.......,..,..talllo,.....rt•• sa 
21 Dt a11Lol'Od1 fluor ... tflen• 1aaa 

II 1,1-0talllOl'ff- 100 
2S 1,1-CH GllLO,_..._. sa 

H 1,1-0talllo,...lftyL ... sa 

21 TNft .... ,Mtalll .... tll8H so 

• 1.Ht allLo...,. ..... !Cl 
a T ..................... ,.. so 

21 crt ... ,Ht allLor ... .-ne sa 
21 1 ..... -. aaaa 
311 l..,L .,_. ... 1aaa 
31 I!""& .... ,, LHe 1aaa 

31 x .... .._ -31 Ieoltu'Yl. eLoallol ROIG 
M 

Melftyl •"'rl ··-
100 

31 MHtlrl •llleorylHe 1aaa 

31 Melftyl •lll••uLfwU llD 

37 Met..,leoryLonttrtL• 1aaa 
31 MetllyL- allLortde sa 
31 P'Jr1dtne .. 
• 1,1,1,a-T•t.-.oh\o.-oe~ane so 

H-9 



TABLE H.2: DITl!C1'ION UMI'TI FOR 1ME SLOP OIL EM.ILSION SOLIDS SAMPLES - KOotl (Continued) 

Deten1on 
BDAT CDllT11UENT L1•1 t 

VCLATILEI (Conttnumd) (pP11) 

'1 1,1,2,2-Tetreohlo,...then• sa 

• Tetrechloroethtm• l!ID 
G Tol111ne l!ID .. Trtbrm .. th- l!ID 
41 1,1,1-Trtohloroeth•n• l!ID 

• 1,1,2-Trtchloroethene ID ., TM chl oroethen• l5D 

41 Tr1chlormonafluo,...Shenm l!ID 
41 1,2,~Tr1ot1loroproP111t• 90 
9G Y1nrl ctilor1cl9 1DD 
•• Amione 100 .. Eetty l ........ l!ID 
•• 2-tte•none 100 
•• .._thyl-e-,.nien- 1DD 
•• StyNne 90 

•• Y1 nrl emieie 1DD - Xylene(toiel) l!IO 

99'lYDUTILEB (NII) -
1!11 ---"'•l- • 
SI Amne111ttune • 
u Amt•- • 
l!I• a-Amtyl•1nafl...,.• • 
SI ...._t nallt .... .., L • 
Ill AatLtne • 
S7 _..,_ ... • 
1!11 ~ .. NA 

1!11 ... ,.1 ........ • 
II la--tlltoL Ill 

11 ._tdtne 2GD 

• a.nzo(e) ,,,. ... • 
a a.nzo(b)fluo,...tll .. • .. a.nzo(g,h,t)perylan• • • a.1So(k)fL119,..,.t11 .. • .. ,...nz-.utnone ND 

17 lta(l-ohlo,...llloay)ath .. • .. lte(l-ohloroaihyl)•tft•r • 

H-10 



TASLE H.2: DEIECIIOll Lntm FOR ntE SLOP OIL EllJLSICll SCLIDI SAMPLES - ma (Con1tn•d) 

Duec1ton 
BOAT CZIMITI'TUBT Lt•t I 

SEMIYDUTILES (Conitn•d) (ppm) 

H lte(l-ohloroteoproPrl)•t:tt•r .. 
70 lt•(l-eilt7lheayl)pf'IVl•l•'9 ..., 
71 Hrmol!h•nyl llh•nrl et:tter .. 
72 Butyl benayl ptiiheLete 40 
7S 2 w eui,l-4,1-dtnUrollhenol 2DO ,. p-Qlloroent lt• .. 
79 Clll orobenzt l•C• NA 

79 p-Qll 0...-.0PHOL .. 
" 2-ChLoro .. ptlt:lt•L•n• .. 
71 2-ChL orol!huoL 40 
71 3-Cllloroproptontcrtl• NA 
Ill Chry•• 40 

" orCfto-CNHl .. 
• pePPCr•oL .. 
• Dtberoa(e,h)ent:ttreoene .. 
N Dtber110(1,e)py,... NI 

• Dtbenao(e,tJ,,ren• NA 

• ..OtClhlorollHH• .. ., o-OtchLoro•nmn• .. 
II ,..Ot ct.to,....,._ • n 3.3'~tchLo,..•tcltne Ill 

• 2,MtcftLO .... enol • .. 2 ,9-0t ohl ON •noL llD 

• DtelhyL ptliheLa• • • 3 ,3 '~t-ihoay••t cit ftD .. .. ,..Ot•11tyL•t,_.._,..,. • • S,l'~•lllrL'9•tflM llD 

• l,Mt•11tylllft ... l .. ., 
Dt••& ···~ .. .. 

SI Ot........,L ...... , •• • .. 1,Mtntl ... ._.. -100 •,Htntt,.....,...Dl IOD 
101 2,'Wtntcro ...... oL aaa 
1DI 2 ,·..at nt ''°'" ..... • 
1Cll 2;1-0tntcroco&18ne • 
10• Ot-..-.otyl· .. ChliLelm • 101 ot...,.roPrLnt 1ro .. t ne .. 
tOI Dtptlenyt•t• • 
107 1,2-0illh•nrLhJdratne aaa 
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TABLE H.2: DITICTICll Lntm FOR TME SLOP OIL EMJLSICll SQLIDS SAMA.ES - ia::l'8 (Conc1n ... d) 

O.cec11on 
BDAT memnaT L1aU 

SEMMJUTILEI ( Conc1 nued) (ppe) 

101 Fluorentttene • 
108 Fluor•• 4G 

110 He•eolllorabenane • 
111 Hea•ClftLo~d1•M • 
111 He .. OllLorooyalopencadt•n• • 
11S He•ClftLol'Htll- • 
11• He•ollL oro11Mn• llA 

111 HeuaftLaroprapeM 110 

111 Indllfto ( 1 ,I ,3-od J PfNn• • 
117 Ie-froLe • 
111 Mltllanrt Lene Ill 

111 ~CllylalulL lftlllNM • 
11G •••'-Mlt..,Le1Wltt1(1-ottLoro1ntLtne) • 
111 .... lllaL ... • 
111 1,..,..eplltllC111Utnone llA 

10 1~--l•t• 1111 
1H H•••..,L•tne IDG 

18 p-tetc,,.,.tLtne 200 
111 ................ • 
117 .... , ............ 2111 
1U ..... , tl'Olodt ....... IYL•tne llD 

111 .... ttroa•tetiltyL•tlW 110 

1311 .... t tl'HOdt•lflrL•tH • 
131 ..... , troe-Cllyletilty L•tne • 
131 ..... ,,,. ... , ...... , ... • 
1• .... ,, ...... rt ... • 
1M ........ ,, .......... -1• ._,,.I lalllt~- • 
131 11911tMM ........... llD 

137 Pmt1•L1N1•- llA 

1• ............ ,. ............. -1• .................... IOI ,. ..... ..... " • 
1 .. .............. • 
1• PMftoL • 
1• 1-fttooLtlW • 
1M ,,...., ... .. 
1• Py,. .. • 
1• RaaorotnoL llA 
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TABLE H.2: DET!C'Tlml LDtnl AUi TME SLOP OIL SIJLSIC. SCI.IDS SMlll.ES - la2.a (Conttnu.d) 

SEMlVOUTILES (Qanitn .. dJ 

10 
1'1 
1.a 
1111 
191 
151 
1SI 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 

15' 
1SI ,. 

· 157 
191 
191 
111. 
1• 
1a 
1M ,. 
111 
117 
111 
111 

Sef P'ole 
1,2,•,&-Tetl'eClllloP'obenz•ne 
2,3,•,l-Tet,..cftloroaphenol 
1,2,.,_T,.td'tlorobenz•,. 
2,A.l-TP'tohloro.,.nol 
2,•,a-T,.tohloP'••ol 
Trt •(I .>df ltr-pron l J pha•Slft•t• 
llenzcit 0 Ht d 
llenzyl eloonol 
..O.Loroapftenyl Slftenrl •ill•,. 
Dt be nz aturen 
Dtbe1Wo(e,hJpy,..,. 
7 ,1Ht•C,,,lbenz(e )8"itll'9Cllne 
elptle,eLptt..Ot•illylpftene&hyL•tne 
Ieoptsorone 
MelonUrtle 
~i,.,Lnephill•L•n• 

2-Mt ,,..nt l t ne 
Htc,..ntltne 
2-Mt tropftenol 
,....t uoeodt pfte"'l•tne 

Alttt...., .,... .... .. .... 
.. .,u •• 
Cl•t• 
IJlra.t •• Ul•L 
CoPPIP 
LMd 
Mercury 
Ntokel 
llelent• 
9tlver 
Ttlellt• 
ve .. df• 
Ztno 

H-13 

(ppmJ 

2GD 

• ND 
sa 

1aa 
• ,. 

2DO .., .., .., 
NI 
ND ... .., 
NA .., 

2DD 
aaa -.., 

(ppm) 

1.1 
1.a 
0.1 
a.1 a.• 
a.7 
a.I 
s.1 
a.I 
1.1 
s.a 
a.I 
1.a 
a.I 
a.1 



TABLE H.2: DIT!CT'tlll LIMI'TI FOR lME SLOP OIL EtllLSilll 911.IDI SMPUI - KIMI (Continued) 

Detection 
BOAT mtml\JBIT Lt•i t 

DfOlllAIUCD (ppm) 

170 Totel Cyeni de a.s 

171 Fluortd9 1.a 

171 9ultt de o.s 

NA• Anelyetl C911110t be done by •lhod ll'70 U Ct9te tt• d• to t•deQU1te 
NCOYert .. in l .... NIOry CIAIQC ••LY••• 

ND •NH Clnecud, ••it•ted d9teotton lt•U h•• not tlMn c9'9Ntned. 
NI• The •Hnderd ta not ewetLMlll th• ..,...... •• Merdt• uetnt en•• ltbritry 

•u•• rd G .aaa o_.nc1 •. 
++ • Totel xyL•• te ell• totel rauU for orlh.-Kyl••• •ce-KyL_, end pe~yl'"9 

wi tll CAI n..-n 9-47~, 1DHH, Ind 10l-G I, reepeothely. 
" • Thi• ooneit cuent t • noi on the Lt H of conett i..nt• t n "'• •me CllUL.m 

'8lllMICI ,_,ICT Pl.Al FOii UllD DIIPDIAL IBTIUCT'lllll W ("IDAT"), 
EP~-011, "'l'dl 1•. It t• • ,,.,....,., •onftor1,. oonHt"*'' H 

Lt 1t1d t n Append1 a DC, Pl .. ••• rd the FIDllUL RmDT11t, Vol. 111, llo. 1G. 
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TABLE H.31 DETECTION UNilB FOR THE API SEPARATOR SLWOE SANA.ES 

Detection 
BOAT aJNSTilUENT lt•I t 

VOUTILE aJNSfll\EMTS (pp11) 

t Aoetonl tr I l• 70 
e Aarohln 700 
a Aorylonl trl le 70 
4 Benzene t4 
II 8rcaodlohlor011eth•n• t4 
8 Bra.ca• th•n• 14 
1 C.rbon tetreohlorlde 14 
8 C.rtaon di eul fide NB 
a Chlorobenane 14 

10 l!-Chloro-t,3-butedlene 14 .... - tt Chlorodlbrca011eth•n• 14 I 
~ te Chloroethene 14 l.n 

ta 2-Chloroethyl vinyl ether NB 

14 Chloroform 14 
tll Chloromthane 14 
ta 8-0lloropropena 14 
t7 t,~lbrC111D-8-Ghloropropene 14 
ta t,~lbrcaoethena 14 
ta DI bra.om then• 14 
eo Trane-1,4-111chloro-2~uten• 70 
et Dlohlorodlfluoromethene 14 
ee t,t-<>lchloroethan• 14 

ea t,~lchloroethan• 14 
e4 t,1-<llchloroethylene 14 
26 Trene-1,e-dlohloroethan• 14 
ea t,2-<>lchloropropene 35 
e7 Trana-1,3-dlchloropropene 35 

28 ola-1,3-<llchloropropene 35 

28 1,4--0loxena NA 

30 Ethyl cyanide 700 
31 Ethyl .. thecryleta 14 

32 Iodcaathena 14 



TABLE H0 31 IETECTIOH LIMITS R>R ntE API SEPARATOR SLUDGE SAMPLES (Continued) 

Detection 
EAT mNSTITIJENT Ll•tt 

\IDUTILE mNSTil\JEHTS (Conttnued) (pp11) 

aa leobutyl alcohol 14 
84 Ma thy l a thy l ketone 70 
811 Methyl •thacryl•t• 14 
88 Methyl •thaneeul ronate 100 
87 Methylacrylonltrlle 70 
88 Methylene chloride 70 
sa Pyrtdtne 200 
40 t,t,t,R-Tetrachloroethane t4 
41 t,1,e,R-Tetrechloroethene 14 
42 Tetrachloroethene 14 
43 Tolu.ne 14 

:r: 44 Trtbrmmethene 14 
I 14 ...... 46 t,t,t-Trtchloroethane 

CJ' .. t,1,R-Trtchloroethena t4 

~ Tr I chloroethene 14 
48 Trtchlormonof luormethene 14 
48 t,2,S-Trtchloropropane 35 

50 Vtnyl chlortde 14 

•• Acetone 70 

•• Allyl alcOhol NA 

•• Ethyl benzene 14 

•• Ethylene oatda NA 

•• l!-ffexanone 70 

•• Malononttrtle NA 

•• ~thyl-e-pentenone 70 

•• ~ropyn-1-ol NA 

•• Styrene 14 

•• Trtchlora.ethenethtol NA 

•• Vtnyl eoetete 14 

•• Xylene (total) 14 



Decectfon 
lllAT IDBTITIENT lt•lt 

•ma.ATILE mtBTITUENTS (ppm) 

61 Acen•pth•lene 20 
62 Ac8Mpth8M eo 
68 Amtophenone 20 
li4 e-Acetvl .. tnofluoren• NA 
65 ..... inobtphenvt 20 
68 Anlltn• 50 
&7 Anthr•oene 20 
6B Ar•tte NA 
69 Benz(•)•nthr•cen• 20 
BO Benzenethtol NA 

:I: 81 Benztdtne eo 
I e2 Benzo(•Jpvren• ~ eo 

....... 
B3 Benzo(b)fluor•nth•ne NA 
84 Benzo(g,h,t)pervl•ne 50 
86 Benzo(k)fluor.nthene eo 
88 p-tlenzoqutnone NA 
B7 Bte(2-chloroethoxvleth•n• eo 
BB Bt•fe-chloroethvl)eth•r 20 
BB Bte(l!-chloroteoproPJl)eth•r 20 

70 Bt•fl!-ethvlh••vtJphth•l•te 20 

71 ...,.rmoph•nvl phenvl ether 100 
72 Butvl benzvt phthelete 20 
73 l!-e•c~utvl-4,8-iltnttrophenol NA 
74 p-0.loroentltne 50 
75 Chlorobenztl•t• NB 
78 p-0.loro~-creeol 50 
77 2~loronephthelena 20 
78 2-0\l orophanol 20 
79 3~hloroproptonttrtle NA 

BO Chrveene 20 

81 ortho~reeol 20 

82 pera~reeol 20 



TABLE H.31 IETECfION LIMITS FOR THE API SEPARATOR SLUDGE SAMPLES (Contfnuadl 

Datactton 
BOAT CDtSTITtBT ltatt 

IBllWLATILE CDtSTITtBTS (Conttnuadl (ppal 

• Dtbenz(a,hlanthracena 20 
84 Dtbanzo(a,alpyrana NA 
811 Dtbanzo(a,tlpyrana NA 

• ....Otchlarobenzana 20 
ff1 o-Otohlarabanzana 20 
88 p-Gtchlorabenzana 20 
88 a,a•--Otohlorobanztdtn• 100 
BO e,4-0tchlorophanol 50 
81 e,a--Otchlorophanol 50 
82 Dtathyl phthalata 20 
88 3,8 1--0t .. thoxybanztdtn• 100 

:i:: 
I 84 p--Ot .. thy l•tnouobanzana 50 .... 

()) 85 a,a•--0t .. thylbenztdtna NA 
88 e,4-0t .. thylphanol 50 

ff1 Dt .. thy l phthalata 20 

88 Dt..........,utyl phthalata 20 

88 1,4-0tnttrabanzana 100 

100 4,8--0tntt~raaol 500 

101 2,4-0tnttrophanol 500 

102 e,4-0tnttrotoluana 500 

108 e,e-atnttrotaluana 100 

104 Dt-n-octyl phthalata 20 

105 Dt-n-propylnttroaaatna 50 

108 Dtphenyt .. tna 20 

107 1,~tphanylhydraztna 20 

108 Fluoranthana 20 

109 Fluorana 20 

110 Haxachlorabanzana 100 

111 Haxachlorabutadtana 100 

112 Haxachloracyclopantadtana 100 

113 Haxechloroathana 100 

114 Haxachlorophana HA 

115 Haxachloropropana 100 



TAIU c U "Ji• ~~!~ !..!~!~ ~~ ~!: ~~! A~&A&TnA Al lllnF AAllPll FS lr.nnttnuadl ··--- ···-· 

= 
Detectton 

lllAT aJNSJITUENT Ll•lt 

IBllWLATILE aJNSJITUBtTB (Conttnu.d) (ppm) 

ttl lndano(1,2,~d)pyren• 60 
117 lao .. rrol• NA 
1t8 Methepyrl lene NB 

t18 3-Methylcholenthrene NA 
t~ 4,4 1 ..... thyleneble(2-chloroenlllne) NA 
t21 Nephthelene 20 
t22 t,......,ephthoqulnone 20 
t23 t-ftephthyl•lne 20 
t24 Hephthyl•lne 20 
t25 p-ft It roenll t n• 100 
t28 NI trobenane 60 

;:.a t27 ......,ttrophenol 100 I 
....... t28 N-ftttroeodl~utyl•tne 60 
'° t28 N-ftltroeodlethyl .. lne too 

t30 N-ftl tro•odl•thyl•lne 200 
t3t N-ftltroecaethylethyl .. tne NA 
t32 N-ftltroecaorpholln• 100 
133 N-ftltroeoptperldlne 100 
t34 N-ftttroeopyrrolldln• 100 
136 6-ftttro-o-toluldlne NA 
t38 Plinteohlorobenzen• too 
137 Pentechloroethene 100 
t38 Plintechloronltrobenzene 100 
t38 Pentechlorophenol 600 
t40 PheneceUn 20 

t41 Phe,.nthrene 20 
142 Phenol 20 
t43 2-Ptcoltne 200 
t44 Pron•tde 100 

146 Pyrene 20 
t47 Ser role NB 
148 1,2,4 1 6-Tetrechlorobanzana 50 



TABLE H.31 IETECTIOH LIMITS FOR THE API SEPARATOR SLOOGE SAMPLES (Continued) 

= 
Detection 

EAT mHSTilUEMT Ll•I t 

IBll\111.ATILE CXIHSTITUENTS (Continued) (ppe) 

148 e,3,4,8-Tetrechlorophenol 100 
160 1,R,4-Trlchlorobenzene 50 
151 e,4,&-Trlchlorophenol 100 
He e,4,8-Trlohlorophenol 100 
•• Benzolc eold 500 

•• lenzvl alcohol 50 

•• 4-Chloroph•nv l phenvl ether 50 

•• Dlbenzofuren 20 

•• Dlbenzo(e,h)pvrene NA 

•• 7,11!--0l .. thvlbenz(e)enthrecene 50 

•• elphe,elphe~l .. thvlphenethJl .. ln• 100 

::i: •• Ieophorone 20 
I 

N •• e-ft.thJlnephthelene 20 
0 •• lHU troenl l I ne 100 

•• 8-ftl troenl l lne 100 

•• IHlltrophenol 100 

•• N~ltroeodlph•nvl .. ln• 20 

METALS (ppe) 

164 Antl.anv 8 

166 Arunlo D.3 
168 Berlm D.9 

167 Ber,lllm 0.1 

168 Cedllllm D.3 

168 D'lrmlm, hexevelant D.05 
159 Chrcmlm, to tel D.9 

180 Copper 1 

181 Leed 5 

182 Mercury 0.02 

183 Nickel 2 



:i:: 
I 

N ..... 

INILI: no-31 

BOAT CDtSTllUENT 

IETAUI (Conttnu•d) 

184 S•l•ntm 
1116 Stlv ... 
188 Th•l l tm 
187 Vanadtm 
188 Ztno 

•• Al111tnm 
•• Calctm 
•• Cobalt 

•• Iran 

•• ...an•••• •• ...nganH• 
•• Potuatm 
•• Sodtm 

•• Ttn 

169 TOTAL CYANIDE 

171 SULFIDE (p.-J 

. ···--- -- -·- ..... L&n& IY •"UO I" .. ,,... • 

(PPMJ 

ftr"'ftAftATftft ftl lll'M"tC n.au~ CC! ..... --·-·· ----- -·· ---

Detectton 
lt•t t 

( pp11 J 

0.4 
0.9 
0.2 

2 
o.6 

20 
6 
1 
3 

20 
0.3 

29 
B 

60 

0.1 

60 

NB =Th• CCJIPOUnd was •aarched uatng an NBS ttbrary d9tabaae or 42,000 CCJIPOUnda.' 
NA =The atandard ta not avatleble1 the ca.pound was aaerched ustng en NBS ltbrary 

dltebaae or 42,000 COlllpOUnda. 
•• = Thta conatttuant ts not on the ltat of conatttuants tn the OENERIC OUALilY 

ASSURANCE PROJECT PL.AN FOR LAND DISPOSAL RESTRICTic:i.S PROGRAM ("BOAT" J, 
EPA/630-SW-B7-011, March 1987. It ta e ground-water •onttortng conatttuent as 
ltetad tn Appendix IX, Page 26639, or tha FEDERAL REOISTER, Vol. 51, No. 142. 



TABLE H.41 DETECTION LIMm FOR THE LEADED TANl IOTTllll SAMPLES - KDS2 

• Decaact on 
BOAT IDllTI'TUSIT Lf•f c 

VOLATILE CDem1\811'1 [p .. ) 

1 AanonUrt L• 1aaa 
2 AcroLetn 1aaa 
3 AcryLont Cl't Le 1aaa 

' ....... sa 
! lramodtcttLor ... a.en• 50 
I ....... a. ... 100 
7 C.rbon cecreollLortd• !Cl 
a Cer11on dteuLttde sa 
9 Cl'ILorollennn• SD 

10 2-ChLoro-1,~ucedt•n• 1DDD 
11 Ctllorodt llr•-U.•• 90 
11 Ctlloroedl ... 1aa 
1S 2-ChLoroeC"'L vt"'L ..... 1aa 
14 Cl'ILorofoN !D 
1S Cl'ILo .... a.ene 100 
11 3-a.Loropropene 1DDD 
17 1,a-otllrcm~hLorapro1111n• 1DDO 
11 1,Mtll,..oedl.,. SD 
11 Dtllrcm-dl•• 50 
20 T,....,..,6-cttollLo,........uceM 1DDD 
21 DtollLOroclttLuo,...••n• 100 
n 1,1~tollLoroee11 .... SD 
u 1,Mtolllo,_1Mn• SD 
H 1,1~tollLo,_CftyleM so 
• T,..n.,.. ,1-dt ollloroe"'8ne !Cl 
21 1,MtollLoropr•• SD 
a r,..,..,..,.....alllorapropene 50 
II ot .... ,Ht d9Lotopi opeM Ill 
21 1,Mto1aH aaaa 
30 Eehy L oyent di 1DDD 

31 EctwrL •••'7late 1• 
31 1.-. ..... sa 
SI I..-..,l eloallol ... 
3' ... .,L ••L a.-. 1DD 
31 lllU,L • ... '7laU 1• 
31 ... .,L • .._ul,_c. ND 

37 "''llfL00'7LOllt Vt Lo 1• 
31 Me..,L_ ollLortdl SD 

31 Pyrt dtno GIG 

• 1,1,1,l-Tetrodlloroetft .. 90 
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TABLE H.41 CET!CTtDN UMIT9 FOR ntE LEADED TMll S>TT0'8 SAMPLES • lt0152 (Conctnued) 

BOAT aJNm1VENT 

VOL.ATILES (Conctnmd) 

.. 1,1,2,a-Tetreotlloroeitt.,. sa 
• Tetreohloroeeftene sa 
G Toluene sa .. Trt br111 .. Cft•n• sa 
• 1,1,1-Trtoftlora•itt.,. sa 
• 1,1,a-Trtotlloroeeft•n• sa 
lf1 Trf cflLOl'09itl8M !10 

" TrtclfllorCllGftotluar .. Cft•n• sa 
41 1,2,3-Trtotllorapropene sa 
sa Vt nfl ohlort de 1aa 
•• .,_ 

1aa 
•• Et"'l llennne sa 
•• ~ .. ftOM 100 
•• .._thyl....,.ni.nan• 100 
•• ltyNM so 
•• Vt nfl ••tete 100 
++ Xylene• (tollll] sa 

S81MIUTn.E8 ,, .. 1 

91 ACllnepl'lthelene 1.1 
91 Ace•plttheM 1.1 
93 A•tophenane 3.1 
H 11-AmCJl•tnofluarene 3.1 
!II ._ .. tnutSIMnfl 3.1 

• AnUt• 1.1 
ST Antlu•u•n• 1.1 
H A,...tce NA 

91 .. na(11Jut11re•ne 1.1 
n le•-tllteL ND ... .. .. tdt•• a.a 
• ..... ,.,., ...... 1.1 
13 .. _,.)fl ........... 1.1 .. ..... ,,,,,t ... .,, .. 1.1 

• ..... ,_,,l ........... 1.1 

• p-lmu ... ut .... llD 
17 lt1(l-ohLar ... t11oayJet11•n• 1.1 
II lte(l-otlloroetllylJetller 1.1 
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TABLE H.41 IE'T!CT'IOM UMI'TS RI" TME LEAm!D TMK 8DTT0'8 SMPLES - KOH (Continued) 

Detection 
BOAT IXllm'T\lsrr Lt•tt 

SEMIVOl.ATtLES (Continued) [p .. ) 

H Bt1(2-ehlorot1oproP,l)11:h1r 1.1 
70 Bt1(2-e1:hylh .. yl)phthel1te 1.1 
71 ..,.,.CllO.,.nyl .,_nyl ether 1.B 
72 Butyl benzyl ptlth1LHe 1.1 
73 ~ucyL-.,a-..tntcro.-noL a.a 

" p-QILoroent l t ne 1.1 
79 ChLoroa.nzt lH• NA 
71 p-Qt L oro-w-c r•oL 1.1 

" 2-CllLoroneplt1:h•L•n• 1.1 
71 ~LOl'OptllftOL 1.1 
79 3-Ct!Loroproptonttrtl• NA 

BD Chry•ne 1.1 .. Ol'th..Cl'llOL 1.1 

• pe....Cr•ol 1.1 

• Dt a.nz( 1,h)Mthl'lmH 1.1 .. Dtllenzo(e,e)Pfl'lne "' • Dta.nao(1,t)py,.ne .NA 

• ..OtchlOl'olle .. 1ne 1.1 ., o-OtohLoratlenmne 1.1 
n p-Dtchlorolle,.•ne 1.1 
Bl 3 ,3 ·~t ohl orollenat dt ne 1.1 
BD 2,...01 chloroptlenol 1.1 

"' 2 ,a-at ohL orophenoL ND 

• Dte1:hyl pltthaLH• 1.1 
91 3 ,3 ·~t•thoayllenat dt ne 1.1 .. p-Dt•tttJL•tnauolle,.ene 3.1 

• 3,3'~t•c"'Lbe,.tdtn• ND 

• 2 ,Mt •City Lplt-L 1.1 
f7 Dt•C"'L pltelteLaca 1.1 
91 Dt...,....utyl plteltalatll 1.1 
91 1,Mtnttl'Ollenlllfte 1.0 

1aa ,,Htntc,......,_. 1.0 
101 1,..atatcra...,.•l 1.0 
1DI 1,Mt111craUL- 1.1 
101 l ..... llllNHL••• 1.1 
10. at~"L plteltelece 1.1 
101 Dt~N,,Lfttt,...tne 1.1 
1GI Dt plt_,L•t• 3.1 
107 1,2-DtptlenrL"'drutna 1.0 
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TABLE H.41 OETB:TIDll LIMITS RJA ntE l.EAOED TMK lonaMI SMFl.ES - KDS2 (Continued) 

• 
.Deceocton 

BOAT aJISTI1UStT Lt•t c 

SEMIVOUTILES (CDnctnued) (ppm I 

101 Fluor•nctl•n• 1.1 
101 Fluor•ne 1.1 
110 He .. c:hlorobenzene 1.a 
111 Heaeehlorotlucedt•ne 1.1 
111 He•c:lll orooyolopmrtied1 •n• 1.a 
113 Heaeahlol'Oechene 1.a 
11, He•Ofll ON"9erte NA 
115 HeaaClftloroproiamn• ND 
111 Irtdlno(1,2,3-odlPJrert• 1.1 
117 Ieo•trol• 3.1 
111 MllCfl•PJf't Lene NI 
111 ,.._ Cl'ly l oflal enCl'l rene 3.1 
120 '•''-Metflylene~t•(l-chloroentltne) 3.1 
121 NepflCl'lel.,. 1.1 
121 1,..,.epflchoquinone NA 
123 1-41-Cl'lyl•tne a.a 
12' Mepfltflyl•tne 1.a 
12!1 p-llt ,,..,., Lt ne 1.a 
121 lltt,....nane 1.1 
117 ...... "° ...... 1.a 
1H lt-tlttroaodt..,....u"L•tn• ND 

1H lt-tlttro1adtoCl'lyL .. t110 NO 
13D lt-tlttrooodt .. cflyl•tno 1.a 
131 ,.....t t roemectty LeCl'ly L•t no 1.1 
131 lt-tltCl'09...arpfloltno 3.1 
133 ,....., ,,......,. pmrtdt • 1.1 
134 lt-tlttroeoPJPPoltdtno 1.a 
131 9-tlt t~ui dt .. 3.1 
131 PtnC.ohL of'Otlllnmne ND 
137 PonceoflLorooch.,. NA 
131 PtnC.oftlaranttf'Otlllllll9ftO 11.a 
1• P'ltt .... LONllll_. 1.a 
141 ....... ct .. 3.1 
141 ""-· ... 1.1 
141 ....... 1.1 
143 ~., ... 1.1 
14' ........ ND 
1• .., ... 1.1 
1• Aeoorctnol NA 

10 Set role 1.0 
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TABLE H.4a DETECTIDll LIMITI AJR TME LEAIED TMIC IDTT'D .. SMPl.ES - 1«112 (Conttnued) 

Deteotton 
IDAT mtm'TUStT Lt•tt 

SEMMl.ATILES (CDnttnued) (p1111) 

1'1 1,2,4,5-Tetr•ohlorollmnzen• 3.1 
141 2,3,4,l-T•tredlloropttenol ND 
150 1,2, .. Trtchloroa.nzen• 1.a 
191 2,4,S-Trtcmlorophenol a.a 
1!1 2,4,8-Trtchloropttonol 1.1 
1SI Trt•(l,~tbrmopronll pftoopheio ND 
•• lenaotc actd a.a 
•• lo111yl •Lcohol 1.1 

' •• ..c:tll oroptto"' l P"•"'l •"'•' 1.1 
•• Dt bllnzofuren 1.a 
•• atbenzo(•,h)PJreno NI 
•• 7 ,1Ht •thylllo•(• )enttareoo• ND 
•• •lph•••Lptt..Ot•tltylpttonotltyl .. tno NI 
•• hopttorono 1.1 
•• Molont ut L• MA 

•• ~tllylnopflihol.,. 1.1 
•• Mt troont l t no 1.0 
•• 3-tlttroontltno 1.0 
•• Httrophonol 1.1 
•• N-Nttrooodtpflonrl .. tno 1.1 

..,-ALI (p1111J 

19• Antt•ny a.a 
191 Areonto a.a 
1• lert• 0.1 
187 leryllh• a.1 
1111 Clc91t• a.• 
191 a. ....... to•l 0.1 
111 ca,.., 0.1 
1• LoM s.1 
111 ...... ., a.a 
1 .. ...... , , ·' 
1• .. , .... 10D 

1• .. , .... 1.a 
117 Tltollt• 1.0 
111 VonMt• a.a 
1n Ztno a.a 
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TASL.E H.4a DET'ECTUJll LIMrTI FOR TME LEMIED TMl IDTTtlll SMllLES • IDSI [Concfn .. d) 

Deceocf on 
BOAT CDllTtlUBIT Lt•t c 

IHDABMICS [ppm) 

170 Tacal Cyentd• a.s 

171 Fluartde 1.a 

171 Sul ff de a.s 

NA • Anal J•1 • cannoc be don• by •ttlod ll7'D o tttt • C1 • due co t nedeq•U 
NCOHr1• h lMMtNtory CIA/II: eMLY••• 

ND • Noc deceoced, •C1•t•d decectton L t•t c hH not been 19UNtned. 
NI• The etenderd ti not ewetlelaL•I Cl'le ocmpound •H Meral'led uetng en 81 Ltbr1ry 

........ of 41,aaa a.pound•. 
++ • Tocac. syl•• ta 11'1• to•c. rnuu for ortfl..XJL.,.. •u-XJL••• end ,.,...x,,.,., 

•Ul'I CM n.-. ... 11-0~. 1DH ... , end 108 ••• NepeocheLy. 
•• • Tht • oonnt c.nt t • not Oft ct11 Lt ec of a011eC1 c.nu t n 11'1• IBllJllC mMLm 

,_IMICI PMWICf PlAI RUI URI DWAL BT'IUCT'lllll ......... ("IDAT"), 
EP~~1, Mlrat. 111r. It t1 • gro.,.....car untcortnt aonC1tuent •• 
lUcad fn Appendfa IX, P111 ••• of ttte FIDnAL 11m11T111, voe.. 51, 110. 1a. 
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Appendix I 

WASTE CHARACTERISTICS AFFECTING PERFORMANCE 

List of boiling points for constituents of interest. 

List of bond dissociation energies tor constituents 
or interest. 

calculation or thermal conductivity tor waste treated 
at plant A. 

I-l 

I-2 

I-3 

I-4 



Constituent Boiling Points 

Constituent 

4. Benzene 
8. Carbon disulfide 

21. Dichlorodifluoromethane 
226. Ethyl benzene 
43. Toluene 

215. 1,2-Xylene · 
216. 1,3-Xylene 
217. 1,4-Xylene 
52. Acenaphthene 
57. Anthracene 
59. Benz(a)anthracene 
62. Benzo(a)pyrene 
70. Bis(2-ethylhexyl)phthalate 
80. Chrysene 
81 • o-Cresol 
82. p-Cresol 
96. 2,4-Dimethylphenol 
98. Di-n-butyl phthalate 

109. Fluorene 
121. Naphthalene 
141. Phenanthrene 
142. Phenol 
145. Pyrene 

1 =Merck Indez (Reterence 31). 

Boiling Point c0c) 

80-80.1 
46-46.5 

(-30)-(-29.8) 
136.25 

110.6-111 
144 

139.3 
137-138 

279 
242 
435 

310-312 
385 
448 

191-192 
201.8-202 
211.5-212 

340 
295 

217.9-218 
340 
182 
404 

Reference Number 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

2 =Handbook ot Environmental Data on Organic Ch•icals (Reference 32). 

3 = Handbook ot Ch•i•try and Physics (Reference 33). 
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Bond Dissociation Energies 

Estimated 
Constituent Bond Dissociation Energy 

4. Benzene 
8. Carbon disulfide 

21. Oichlorodifluoromethane 
226. Ethyl benzene 
43. Toluene 

2H-217. Xylene 
52. Acenaphthene 
57. Anthracene 
59. Benz(a)anthracene 
62. Benzo(a)pyrene 
68. Bis(2-chloroethyl)ether 
10. Bis(2-ethylhexyl)phthalate 
80. Chrysene 
81 . o-Cresol 
82. p-Cresol 
87. o-Dimethylbenzene 
96. 2,4-Dimethylphenol 
98. 01-n-butyl phthalate 

109. Fluorene 
121. Naphthalene 
141. Phenanthrene 
142. Phenol 
145. Pyrene 

1320 
279 
380 

1920 
1235 
1220 
2570 
2870 
3580 
4030 
1290 
6610 
3650 
1405 
1405 
1325 
1390 
4340 
2700 
2095 
2900 
1421 
3240 

Sources: Sanderson, R.T., Chemical Bonds and Bond Energy (Reference 35). 
Lange's Handbook of Chemistry (Reference 34). 
Handbook or Chemistry and Physics (Reference 33). 
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CALCULATION OF THERMAL CONDUCTIVITY FOR 

WASTE TREATED AT PLANT A 

Calculation of weight fractions of K048 and K051 in the total feed stream: 

From tables 4-1 through 4-6 in the Amoco OER (Reference 6) the 
average K048 and K051 waste feed rates are 53 gpm.and 22.3 gpm, 
respectively. Since these are the on~y feeds to the incinerator, 
the weight fractions or the wastes feed are calculated as follows: 

K048:(100) 53/ (53 + 22.3) = 71S = X K048 
K051:(100) 22/ (22.3 + 53) = 29S = X K051 

Ma.Jar constituent analysis: 

From sections 2.1.2 and 2.2.2 in the Amoco OER (Reference 6} the 
major conatituent composition ot K048 and K051 is as follows: 

Constituent K048 CU 

15 

K051 CU 

30 Water 
. 011 14 15 

Sand, Dirt and other soils 70 54 

Ma.Jor constituent composition or the total waste stream: 

The composition or the total waste stream is calculated as follows: 

S water = CS water in 1048}(1 1048) + CS water in K051) {X K051) 
= {15)C0.71) + C30)C.29) 
= 20 

S Oil : CS oil in K048}CX K048) + CS oil in 1051)CX K051) 
• (14)(0.71) + (15)(0.29) • 1• 

S Sand & Dirt 
• CS Sand & dirt in K048)CX K048) + CS Sand & dirt in 

1051 )( X IC051) 
= {70)C0.71) + {54)C.29) 
= 66 
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CALCULATION OF THERMAL CONDUCTIVITY FOR 

WASTE TREATED AT PLANT A (Continued) 

Thermal conductivity (k) of malor constituents: 

From Lange's Handbook of Chemistry (Reference 34) the thermal 
conductivities (k) for the major constituents are: 

k water = 0.329 BTU/hr ft °F @ 54°F 
k gasoline = 0.078 BTU/hr ft °F @ 86°F 
k dry sand = 0.225 BTU/hr ft °F @ 68°F 

In the absence of thermal conductivity values for oil and wet sand 
and dirt, we have used the thermal conductivity values for gasoline 
and dry sand for the purposes of this calculation. 

Calculations of the overall waste thermal conductivity: 

Using the major constituent compositions of the total waste stream 
and the thermal conductivities presented above, the calculations of 
the overall waste thermal conductivity is as follows: 

k overall = (j water) (k water) + (j oil)(k gasoline) + (% sand 
& dirt)(k dry sand) 

= (0.20)(0.329 BTU/hr ft °F) + (0.14)(0.078 BTU/hr ft 
°F) + (0.66)(0.225 BTU/hr ft °F) 

: 0.23 BTU/hr ft OF 
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