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Appendix D-1

E-Mail Correspondence from the United
States Environmental Protection Agency
(EPA) to Respondents, Titled “San Jacinto
River Waste Pits - Surface Water Quality
Standard,” Dated February 18, 2020



From: Baumgarten, Gary

To: Janie Smith; Charles Munce; Philip.Slowiak@ipaper.com; Judy Armour ; Paul.R.Schroeder@erdc.dren.mil;
Nicholas Casten; Brent Sasser; Gustavson, Karl; Satya.Dwivedula@tceq.texas.gov; Howard, Ashley; Katie
Delbecq (katie.delbecg@tceq.texas.qov

Cc: Mever, John; Monica Harris (monica.harris@tceq.texas.gov); Foster, Anne
Subject: RE: San Jacinto River Waste Pits - Surface Water Quality Standard
Date: Tuesday, February 18, 2020 1:30:17 PM

Good afternoon,

In my earlier email | identified the TSWQS for Dioxins/Furans as 7.97 x 10" ug/L. | inadvertently put
the incorrect value for the TSWQS when stated in pg/L. The correct TSWQS for dioxins/furans in pg/L
is 0.0797 pg/L.

My apologies for the error. The fully corrected text is included below:

The meeting summary from the December 17, 2019, San Jacinto River Waste Pits Technical Working
Group (TWG) meeting acknowledges that the Texas Surface Water Quality Standard (TSWQS) for
dioxins is an Applicable or Relevant and Appropriate Requirement (ARAR) for surface water
discharge to the San Jacinto River as part of the San Jacinto River Waste Pits Site remedial action.
The October 2017 Record of Decision for the Site states that the TSWQS for Dioxins/Furans is 7.97 x

10°® ug/L [0.0797 pg/L] (as TCDD equivalents) [30 Texas Administrative Code §307.6(d)(a)(A) and (B)
and §307.10].

The December 2019 TWG meeting summary noted that there has been no consensus on how
compliance with this ARAR will be demonstrated. Pursuant to the Comprehensive Environmental
Response, Compensation and Liability Act, as amended, EPA has made a determination on how
compliance with the TSWQS ARAR will be demonstrated for this remedial action.

EPA has made this determination based on the substantive requirements of the state’s regulation for
surface water discharge. EPA has determined that compliance with the TSWQS ARAR will be attained
as follows:

e The state surface water quality standard for Dioxins/Furans is 7.97 x 10°® ug/L [0.0797 pg/L]
(as TCDD equivalents);

e Compliance with the TSWQS will be determined using the minimum level! of the EPA
approved method (1613B), cited in 40 CFR Part 136 (GUIDELINES ESTABLISHING TEST
PROCEDURES FOR THE ANALYSIS OF POLLUTANTS), in sampling of surface water discharges
during the site remedial action;

e |f an effluent sample analyzed for dioxin is below the minimum level using the EPA approved
method, the sample result would be identified as non-detect and the discharge would be
determined to be in compliance with the ARAR.

This approach is consistent with the state’s guidance and other permits issued by TCEQ. EPA’s
determination is contingent on the water treatment facility using a 1 micron final filtration step in
the water treatment process.
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The above approach should be reflected in the appropriate design plans and the plans should
include a testing frequency and process controls to ensure compliance.

(1 The Minimum Level (ML) for each analyte is defined as the level at which the entire analytical
system must give a recognizable signal and acceptable calibration point. It is equivalent to the
concentration of the lowest calibration standard, assuming that all method-specified sample
weights, volumes, and cleanup procedures have been employed.

From: Baumgarten, Gary

Sent: Tuesday, February 18, 2020 11:07 AM

To: Janie.Smith@ghd.com; Charles Munce <charles.munce@ghd.com>; Philip.Slowiak@ipaper.com;
Judy Armour <jarmour@wm.com>; Paul.R.Schroeder@erdc.dren.mil; nick.casten@ghd.com; Brent
Sasser <Brent.Sasser@ipaper.com>; Gustavson, Karl <Gustavson.Karl@epa.gov>;
Satya.Dwivedula@tceq.texas.gov; Howard, Ashley <Howard.Ashley@epa.gov>; Katie Delbecq
(katie.delbecg@tceq.texas.gov) <katie.delbecq@tceq.texas.gov>

Cc: Meyer, John <Meyer.John@epa.gov>; Monica Harris (monica.harris@tceg.texas.gov)
<monica.harris@tceq.texas.gov>; Foster, Anne <Foster.Anne@epa.gov>

Subject: San Jacinto River Waste Pits - Surface Water Quality Standard

Good morning,

The meeting summary from the December 17, 2019, San Jacinto River Waste Pits Technical Working
Group (TWG) meeting acknowledges that the Texas Surface Water Quality Standard (TSWQS) for
dioxins is an Applicable or Relevant and Appropriate Requirement (ARAR) for surface water
discharge to the San Jacinto River as part of the San Jacinto River Waste Pits Site remedial action.
The October 2017 Record of Decision for the Site states that the TSWQS for Dioxins/Furans is 7.97 x

10°® pg/L [0.797 pg/L] (as TCDD equivalents) [30 Texas Administrative Code §307.6(d)(a)(A) and (B)
and §307.10].

The December 2019 TWG meeting summary noted that there has been no consensus on how
compliance with this ARAR will be demonstrated. Pursuant to the Comprehensive Environmental
Response, Compensation and Liability Act, as amended, EPA has made a determination on how
compliance with the TSWQS ARAR will be demonstrated for this remedial action.

EPA has made this determination based on the substantive requirements of the state’s regulation for
surface water discharge. EPA has determined that compliance with the TSWQS ARAR will be attained
as follows:

e The state surface water quality standard for Dioxins/Furans is 7.97 x 10°® ug/L [0.797 pg/L] (as
TCDD equivalents);

e Compliance with the TSWQS will be determined using the minimum level™! of the EPA
approved method (1613B), cited in 40 CFR Part 136 (GUIDELINES ESTABLISHING TEST



PROCEDURES FOR THE ANALYSIS OF POLLUTANTS), in sampling of surface water discharges
during the site remedial action;

¢ [f an effluent sample analyzed for dioxin is below the minimum level using the EPA approved
method, the sample result would be identified as non-detect and the discharge would be
determined to be in compliance with the ARAR.

This approach is consistent with the state’s guidance and other permits issued by TCEQ. EPA’s
determination is contingent on the water treatment facility using a 1 micron final filtration step in
the water treatment process.

The above approach should be reflected in the appropriate design plans and the plans should
include a testing frequency and process controls to ensure compliance.

(1 The Minimum Level (ML) for each analyte is defined as the level at which the entire analytical
system must give a recognizable signal and acceptable calibration point. It is equivalent to the
concentration of the lowest calibration standard, assuming that all method-specified sample
weights, volumes, and cleanup procedures have been employed.

Gary

al The Minimum Level (ML) for each analyte is defined as the level at which the entire analytical system must give a
recognizable signal and acceptable calibration point. It is equivalent to the concentration of the lowest calibration
standard, assuming that all method-specified sample weights, volumes, and cleanup procedures have been
employed.

al The Minimum Level (ML) for each analyte is defined as the level at which the entire analytical system must give a
recognizable signal and acceptable calibration point. It is equivalent to the concentration of the lowest calibration
standard, assuming that all method-specified sample weights, volumes, and cleanup procedures have been
employed.
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Appendix D-2

Letter Correspondence from GHD to EPA,
Titled “San Jacinto River Waste Pits
Superfund Site - Northern Impoundment
Waste Characterization Evaluation,” Dated
October 20, 2020



October 20, 2020 Reference No. 11215702

Mr. Gary Baumgarten, EPA Project Coordinator

United States Environmental Protection Agency, Superfund Division (6SF-RA)
1201 Elm Street, Suite 500

Dallas, Texas 75270

Dear Mr. Baumgarten:

Re: San Jacinto River Waste Pits Superfund Site - Northern Impoundment
Waste Characterization Evaluation;
EPA Region 6, CERCLA Docket No. 06-02-18 for Remedial Design

On behalf of International Paper Company (IPC) and McGinnes Industrial Maintenance Corporation
(MIMC; collectively referred to as the Respondents), GHD Services Inc. (GHD) submits this letter to the
United States Environmental Protection Agency (EPA) in connection with the remedial design (RD) for the
Northern Impoundment of the San Jacinto River Waste Pits Site in Harris County, Texas (Site). Its
purpose is to describe how pulp and paper mill waste (Waste), proposed to be excavated as part of the
Northern Impoundment remedial action (RA), has been characterized and classified in accordance with
the Resource Conservation and Recovery Act (RCRA) regulations. Based on the waste characterization
process described below, the Waste is not a hazardous waste.

1. Site History

The Site is located in Harris County, Texas, east of the City of Houston, between two unincorporated
areas known as Channelview and Highlands. The Northern Impoundment was operated as a monofill for
the disposal of Waste for an approximate nine month period from September 1965 to May 1966. The
Northern Impoundment is located immediately north of the Interstate Highway 10 (I-10) bridge over the
San Jacinto River.

According to the Record of Decision (ROD), the RA for the Northern Impoundment will include, among
other things, removal of approximately 162,000 cubic yards (cy) of Waste exceeding the EPA-selected
cleanup level of 30 nanograms per kilogram (ng/kg) of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) toxicity
equivalent (TEQ) located beneath an armored cap in the Northern Impoundment. The volume of Waste to
be removed, as estimated for purposes of the Northern Impoundment 30% RD, is now understood to be
approximately 212,000 cy.

A figure of the Northern Impoundment has been included as Figure 1.

2. Waste Characterization Evaluation

Material excavated for off-site disposal from a Superfund site is not, simply by virtue of the material
containing hazardous substances, considered to be a hazardous waste as defined by RCRA. Rather, the
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material must be characterized following the requirements in RCRA to determine whether it is a
hazardous waste. In accordance with Title 40 of the Code of Federal Regulations (CFR) Part

261 - Identification and Listing of Hazardous Waste, the applicable requirements in the following subparts
of Part 261 were evaluated:

Subpart A - Definition of Solid Waste, Hazardous Waste & Exclusions (§§ 261.1-.9)
Subpart B - Criteria for Identifying the Characteristics and Listing of Hazardous Wastes (§§ 261.10-.11)
Subpart C - Characteristics of Hazardous Waste (§§ 261.20-.24)

Subpart D - Lists of Hazardous Wastes (§§ 261.30-.33)

The Waste consists solely of wastewater treatment sludge generated at the Champion Pulp and Paper
Mill in Pasadena, Texas in the mid-1960’s. The wastewater from the pulp and paper manufacturing
process was processed through primary settling basins for suspended solids removal. The slurried solids
from the primary basins were pumped sequentially to two secondary basins for further dewatering and
accumulation pending disposal. The accumulated solids in these secondary basins were removed and
barged to the Northern Impoundment for disposal. The Waste, consisting primarily of cellulose wood pulp
and clay binders, contains dioxins and furans which were formed as an unintentional by-product of the
pulp bleaching process.

2.1 Is the Waste classified as a Solid Waste under RCRA?

The definition of “solid waste” is any discarded material that is not excluded under § 261.4 (a), by a
variance under § 260.31, or by a non-waste determination under § 260.30 and § 260.34.

A “discarded material” is any material that is:
e Abandoned
e Recycled

e Considered inherently waste-like

The Waste meets the definition of a “solid waste” since it is a “discarded material.” Further, none of the
solid waste exclusions cited above apply to the Waste. Since the Waste is a “solid waste,” the next step in
the characterization process was to determine whether it is a “hazardous waste.” A solid waste is
characterized as a hazardous waste either because (1) it is listed on one of the four lists of hazardous
wastes developed by EPA, or (2) it exhibits one of the four characteristics of a hazardous waste as
defined in EPA’s regulations.

2.2 Is the Waste a Listed Hazardous Waste under RCRA?

A solid waste is classified as a hazardous waste if it is on one of the four lists of hazardous wastes
contained in 40 CFR §§ 261.31-261.33 and is not otherwise excluded from classification as a hazardous
waste. Each list is referred to with reference to a “code” ( “F”, “K”, “P”, and “U”). As detailed below, the
Waste is not on either the “F” list in 40 CFR § 261.31 or the “K” list in 40 CFR § 261.32. Furthermore, as a



manufacturing process waste, the Waste is not considered a discarded commercial chemical product
subject to the listings in § 261.33 which contain the “P” and “U” lists. Thus, the Waste is not a listed
hazardous waste.

2.21 Listed Hazardous Waste Codes from Non-Specific Sources (“F” Codes)

Under the RCRA program, there are a number of solid wastes that are classified as hazardous wastes
because they fall within the listing descriptions in 40 CFR § 261.31 (Hazardous Wastes from Non-Specific
Sources). Twenty-eight F-coded wastes are currently identified in § 261.31 by waste codes ranging from
F001 through F039. A complete list of the § 261.31 waste code descriptions is provided in Attachment A.

The § 261.31 F-list of hazardous wastes identifies manufacturing process wastes produced by a wide
variety of industrial operations. For this reason, these listed wastes are referred to as process wastes
generated “from nonspecific sources.” Waste Codes F020 to F023 and F026 to F028 were included in the
F-list, at least in part, due to the presence of dioxin or dioxin precursors in the wastes. These wastes are
described as follows:

F020 = Wastes from the production or manufacturing use of tri- or tetrachlorophenol, or of intermediates
used to produce their pesticide derivatives.

F021 = Wastes from the production or manufacturing use of pentachlorophenol, or of intermediates used
to produce its derivatives.

F022 = Wastes from the manufacturing use of tetra-, penta-, or hexachlorobenzenes under alkaline
conditions.

F023 = Wastes from the production of materials on equipment previously used for the production or
manufacturing use of tri- and tetrachlorophenols.

F026 = Wastes from the production of materials on equipment previously used for the manufacturing use
of tetra-, penta-, or hexachlorobenezene under alkaline conditions.

F027 = Discarded unused formulations containing tri-, tetra-, or pentachlorophenol or discarded unused
formulations containing compounds derived from these chlorophenols.

F028 = Residues resulting from the incineration or thermal treatment of soils contaminated with EPA
Hazardous Waste Nos. F020, F021, F022, F023, F026, and F027.

The following F-codes could also contain dioxins:

F032 = Wastewaters, process residuals, preservative drippage, and spent formulations from wood
preserving processes generated at plants that currently use or have used chlorophenolic formulations.

F039 = Leachate resulting from the disposal of more than one restricted waste classified as hazardous
under subpart D.

The Waste was compared to the full list of F-coded waste, including those set out above, and it was
determined that the Waste does not come within any of these waste descriptions.



2.2.2 Listed Hazardous Waste Codes from Specific Sources (“K” Codes)

Under the RCRA program, there are also a number of solid wastes listed as hazardous wastes under

40 CFR § 261.32 because they are generated from specifically named sources. The complete list of
hazardous waste code descriptions from § 261.32 is provided in Attachment A. This list is subdivided into
groups of wastes generated from several specific industrial categories, such as inorganic pigments,
organic chemicals, pesticides, petroleum refining, and so forth. Since pulp and paper production is not one
of these industrial categories, the Waste is not a K-listed waste.

2.2.3 Listed Hazardous Waste Codes from Commercial Chemical Products (“P” and “U” Codes)

The “P” and “U” codes are specific to unused commercial chemical products (CCP), off-specification
materials, container and spill residues referenced by name at 40 CFR 261.33 (e) and (f). As noted in the
Comment following § 261.33 (d), the CCP lists do not apply to “a material, such as a manufacturing
process waste, that contains any of the substances listed in paragraph (e) or (f) [the “P” and “U” lists of
CCPs]. Where a manufacturing process waste is deemed to be a hazardous waste because it contains a
substance listed in paragraph (e) or (f), such a waste will be listed in either § 261.31 or § 261.32 or will be
identified as a hazardous waste by the characteristics set forth in subpart C of this part.”

Since the Waste is a discarded manufacturing process waste, it is not included in the CCP lists in
§ 261.33. Moreover, as summarized above, the Waste is not listed in either § 261.31 or § 261.32; thus,
the Waste is not a listed hazardous waste under the RCRA regulations.

2.3 Does the Waste Exhibit Characteristics of Hazardous Waste under RCRA?

Under RCRA, a solid waste may also be a hazardous waste if it exhibits any of the following four
characteristics:

lgnitability (D001)
e Liquid with flash point < 140°F

e Solid capable of causing fire under standard temperature and pressure (STP) and burns vigorously
when ignited to create a hazard

e Ignitable compressed gas

e Oxidizer (as defined by US Department of Transportation)

Corrosivity (D002)

e Agqueous with a pH of less than or equal to 2 or greater than or equal to 12.5

e Liquid which corrodes steel at a rate greater than 0.25 inch per year at temperature of 130°F
Reactivity (D003)

¢ Normally unstable and readily undergoes violent change without detonating.



¢ Reacts violently with water or forms potentially explosive mixtures with water. When mixed with water,
generates toxic gases, vapors or fumes.

e Cyanide or sulfide bearing waste which, when exposed to pH conditions between 2 and 12.5, can
generate toxic gases, vapors or fumes.

o Capable of detonation or explosive reaction if it is subjected to a strong initiating source or if heated
under confinement.

e Capable of detonation or explosive decomposition or reaction at STP.

e ltis aforbidden, Class A or Class B explosive in accordance with US Department of Transportation.

Toxicity (D004-D043)

e Exhibits the characteristic of toxicity, if using Toxicity Characteristic Leaching Procedure (TCLP) test
method 1311, the extract from a representative sample of the waste contains any of the constituents
listed in Table 1 at a concentration equal to or greater than the value for that constituent. See
Table 1 - Maximum Concentration of Contaminants for the Toxicity Characteristic at 40 CFR 261.24.

o Total of 40 regulated constituents: heavy metals, volatile organic compounds (VOCs), semi-volatile
organic compounds (SVOCs), pesticides/ herbicides.

During PDI-1 and PDI-2, representative samples of the Waste were collected in accordance with Test
Methods for Evaluating Solid Waste, Physical/Chemical Methods, EPA publication SW-846 ( incorporated
by reference in the RCRA regulations at 40 CFR 260.10), and tested to determine whether the Waste
exhibits any of the characteristics of hazardous waste as defined in EPA regulations. The samples were
collected at various locations across the Northern Impoundment as shown in Figure 1. The EPA defines
“representative sample” at 40 CFR 260.10 as “a sample of a universe or whole (e.g.,waste pile, lagoon,
ground water) which can be expected to exhibit the average properties of the universe or whole”. The
material in the Northern Impoundment has previously been determined to consist of a single waste stream
deposited into the Northern Impoundment over a brief period in the mid-1960s, where it has remained.
During the PDI, a set of seven multi-increment composite waste characterization samples were collected
from nine different physical locations at the Northern Impoundment. With the exception of the sample
collected from the Pilot Test excavation (Composite 1), samples consisted of multiple 2-ft discrete interval
samples composited over the total depth of the boring interval (total sample depths ranged from 9 to

20 feet below ground surface). For Composite 1, material was composited from multiple locations within
the approximately 20 ft by 20 ft by 4 ft excavation. See Figure 1 for sample intervals. These samples
included material with variable physical (moisture content, grain size, etc.), and chemical characteristics.
Samples were also collected from areas in which the highest concentrations of dioxins had been detected
in prior sampling. Based on the above, the samples meet the definition of “representative samples” under
EPA’s regulations.

Based on waste characterization test data, the Waste in the Northern Impoundment does not exhibit the
characteristics of ignitability, corrosivity, reactivity or toxicity as defined by the EPA regulations. This is
demonstrated by confirmatory analyses conducted for pH (corrosivity), flash point (ignitability), reactive



cyanide/sulfide (reactivity) and TCLP constituent concentrations (toxicity). The TCLP tests on the Waste
showed no exceedances for any of the D004 through D043 regulated constituents. These test results are
provided in Attachment B. Therefore, the Waste is not a hazardous waste due to the existence of a
characteristic of a hazardous waste.

24 How will Contaminated Media from the Northern Impoundment RA that will be Disposed of
Off-Site be Classified Under EPA’s “Contained-in” Policy?

Under the EPA’s “contained-in” policy, contaminated media at a Superfund site is subject to regulation as
a hazardous waste only if it “contains” a listed hazardous waste or exhibits a characteristic of a hazardous
waste. In this case, any contaminated media to be disposed of off-site during the Northern Impoundment
RA would not be a hazardous waste under RCRA because (1) it would not “contain” a listed hazardous
waste (because the Waste is not a listed hazardous waste), and (2) the media would not exhibit a
characteristic of hazardous waste (because the Waste is not a characteristic hazardous waste).

3. Conclusion

Based on an evaluation of information about the pulp and paper mill waste disposed of in the Northern
Impoundment and the results of testing of the Waste that was performed during PDI-1 and PDI-2, the
Waste is not a RCRA hazardous waste. GHD requests a concurrence from the EPA regarding the
classification of Waste to be disposed of off-site during the Northern Impoundment RA.

Should you have any questions or require additional information regarding this submittal, please contact
GHD at (225) 292-9007.

Sincerely,
GHD

Charles W. Munce, P.E.
ETW/kdn/2

Encl.: Figure 1 - Northern Impoundment Waste Characterization Sample Locations
Attachment A - EPA Waste Code Descriptions
Attachment B - Analytical Data Tables

cc: Phil Slowiak, IPC
Brent Sasser, IPC
Judy Armour, MIMC
Katie Delbecq, Texas Commission on Environmental Quality
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Attachment A

EPA Waste Code Descriptions
(Title 40 CFR 8261.31 and 8261.32)
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AUTHENTICATED
U.S. GOVERNMENT
INFORMATION

GPO

§261.31

must be used in complying with the no-
tification requirements of Section 3010
of the Act and certain recordkeeping
and reporting requirements under parts
262 through 265, 267, 268, and 270 of this
chapter.

(d) The following hazardous wastes
listed in §261.31 are subject to the ex-
clusion limits for acutely hazardous
wastes established in §261.5: EPA Haz-
ardous Wastes Nos. F020, F021, F022,

40 CFR Ch. I (7-1-11 Edition)

[456 FR 33119, May 19, 1980, as amended at 48
FR 14294, Apr. 1, 1983; 50 FR 2000, Jan. 14,
1985; 51 FR 40636, Nov. 7, 1986; 55 FR 11863,
Mar. 29, 1990; 75 FR 13002, Mar. 18, 2010]

§261.31 Hazardous wastes from non-
specific sources.

(a) The following solid wastes are
listed hazardous wastes from non-spe-
cific sources unless they are excluded
under §§260.20 and 260.22 and listed in

F023, F026 and F027.

appendix IX.

Industry and EPA hazardous
waste No.

Hazardous waste

Hazard
code

Generic:
FOOT oo

The following spent halogenated solvents used in degreasing: Tetrachloroethylene,
trichloroethylene, methylene chloride, 1,1,1-trichloroethane, carbon tetrachloride,
and chlorinated fluorocarbons; all spent solvent mixtures/blends used in degreasing
containing, before use, a total of ten percent or more (by volume) of one or more
of the above halogenated solvents or those solvents listed in F002, FO04, and
F005; and still bottoms from the recovery of these spent solvents and spent sol-
vent mixtures.

The following spent halogenated solvents: Tetrachloroethylene, methylene chloride,
trichloroethylene,  1,1,1-trichloroethane,  chlorobenzene, 1,1,2-trichloro-1,2,2-
trifluoroethane, ortho-dichlorobenzene, trichlorofluoromethane, and 1,1,2-trichloro-
ethane; all spent solvent mixtures/blends containing, before use, a total of ten per-
cent or more (by volume) of one or more of the above halogenated solvents or
those listed in FOO1, FOO4, or FOO05; and still bottoms from the recovery of these
spent solvents and spent solvent mixtures.

The following spent non-halogenated solvents: Xylene, acetone, ethyl acetate, ethyl
benzene, ethyl ether, methyl isobutyl ketone, n-butyl alcohol, cyclohexanone, and
methanol; all spent solvent mixtures/blends containing, before use, only the above
spent non-halogenated solvents; and all spent solvent mixtures/blends containing,
before use, one or more of the above non-halogenated solvents, and, a total of ten
percent or more (by volume) of one or more of those solvents listed in FOO1, FO02,
F004, and F005; and still bottoms from the recovery of these spent solvents and
spent solvent mixtures.

The following spent non-halogenated solvents: Cresols and cresylic acid, and
nitrobenzene; all spent solvent mixtures/blends containing, before use, a total of
ten percent or more (by volume) of one or more of the above non-halogenated sol-
vents or those solvents listed in FO01, FO02, and FOO05; and still bottoms from the
recovery of these spent solvents and spent solvent mixtures.

The following spent non-halogenated solvents: Toluene, methyl ethyl ketone, carbon
disulfide, isobutanol, pyridine, benzene, 2-ethoxyethanol, and 2-nitropropane; all
spent solvent mixtures/blends containing, before use, a total of ten percent or more
(by volume) of one or more of the above non-halogenated solvents or those sol-
vents listed in FOO1, FO02, or FOO04; and still bottoms from the recovery of these
spent solvents and spent solvent mixtures.

Wastewater treatment sludges from electroplating operations except from the fol-
lowing processes: (1) Sulfuric acid anodizing of aluminum; (2) tin plating on carbon
steel; (3) zinc plating (segregated basis) on carbon steel; (4) aluminum or zinc-alu-
minum plating on carbon steel; (5) cleaning/stripping associated with tin, zinc and
aluminum plating on carbon steel; and (6) chemical etching and milling of alu-
minum.

Spent cyanide plating bath solutions from electroplating operations ............ccccceeevenne

Plating bath residues from the bottom of plating baths from electroplating operations
where cyanides are used in the process.

Spent stripping and cleaning bath solutions from electroplating operations where
cyanides are used in the process.

Quenching bath residues from oil baths from metal heat treating operations where
cyanides are used in the process.

Spent cyanide solutions from salt bath pot cleaning from metal heat treating oper-
ations.

Quenching waste water treatment sludges from metal heat treating operations where
cyanides are used in the process.
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F027 ...

F034 ...

Wastewater treatment sludges from the chemical conversion coating of aluminum ex-
cept from zirconium phosphating in aluminum can washing when such phosphating
is an exclusive conversion coating process. Wastewater treatment sludges from
the manufacturing of motor vehicles using a zinc phosphating process will not be
subject to this listing at the point of generation if the wastes are not placed outside
on the land prior to shipment to a landfill for disposal and are either: disposed in a
Subtitle D municipal or industrial landfill unit that is equipped with a single clay liner
and is permitted, licensed or otherwise authorized by the state; or disposed in a
landfill unit subject to, or otherwise meeting, the landfill requirements in §258.40,
§264.301 or §265.301. For the purposes of this listing, motor vehicle manufac-
turing is defined in paragraph (b)(4)(i) of this section and (b)(4)(ii) of this section
describes the recordkeeping requirements for motor vehicle manufacturing facilities.

Wastes (except wastewater and spent carbon from hydrogen chloride purification)
from the production or manufacturing use (as a reactant, chemical intermediate, or
component in a formulating process) of tri- or tetrachlorophenol, or of intermediates
used to produce their pesticide derivatives. (This listing does not include wastes
from the production of Hexachlorophene from highly purified 2,4,5-trichlorophenol.).

Wastes (except wastewater and spent carbon from hydrogen chloride purification)
from the production or manufacturing use (as a reactant, chemical intermediate, or
component in a formulating process) of pentachlorophenol, or of intermediates
used to produce its derivatives.

Wastes (except wastewater and spent carbon from hydrogen chloride purification)
from the manufacturing use (as a reactant, chemical intermediate, or component in
a formulating process) of tetra-, penta-, or hexachlorobenzenes under alkaline con-
ditions.

Wastes (except wastewater and spent carbon from hydrogen chloride purification)
from the production of materials on equipment previously used for the production
or manufacturing use (as a reactant, chemical intermediate, or component in a for-
mulating process) of tri- and tetrachlorophenols. (This listing does not include
wastes from equipment used only for the production or use of Hexachlorophene
from highly purified 2,4,5-trichlorophenol.).

Process wastes, including but not limited to, distillation residues, heavy ends, tars,
and reactor clean-out wastes, from the production of certain chlorinated aliphatic
hydrocarbons by free radical catalyzed processes. These chlorinated aliphatic hy-
drocarbons are those having carbon chain lengths ranging from one to and includ-
ing five, with varying amounts and positions of chlorine substitution. (This listing
does not include wastewaters, wastewater treatment sludges, spent catalysts, and
wastes listed in §261.31 or §261.32.).

Condensed light ends, spent filters and filter aids, and spent desiccant wastes from
the production of certain chlorinated aliphatic hydrocarbons, by free radical cata-
lyzed processes. These chlorinated aliphatic hydrocarbons are those having car-
bon chain lengths ranging from one to and including five, with varying amounts and
positions of chlorine substitution.

Wastes (except wastewater and spent carbon from hydrogen chloride purification)
from the production of materials on equipment previously used for the manufac-
turing use (as a reactant, chemical intermediate, or component in a formulating
process) of tetra-, penta-, or hexachlorobenzene under alkaline conditions.

Discarded unused formulations containing tri-, tetra-, or pentachlorophenol or dis-
carded unused formulations containing compounds derived from these
chlorophenols. (This listing does not include formulations containing
Hexachlorophene sythesized from prepurified 2,4,5-trichlorophenol as the sole
component.).

Residues resulting from the incineration or thermal treatment of soil contaminated
with EPA Hazardous Waste Nos. F020, F021, F022, F023, F026, and F027.

Wastewaters (except those that have not come into contact with process contami-
nants), process residuals, preservative drippage, and spent formulations from wood
preserving processes generated at plants that currently use or have previously
used chlorophenolic formulations (except potentially cross-contaminated wastes
that have had the F032 waste code deleted in accordance with §261.35 of this
chapter or potentially cross-contaminated wastes that are otherwise currently regu-
lated as hazardous wastes (i.e., F034 or F035), and where the generator does not
resume or initiate use of chlorophenolic formulations). This listing does not include
K001 bottom sediment sludge from the treatment of wastewater from wood pre-
serving processes that use creosote and/or pentachlorophenol.

Wastewaters (except those that have not come into contact with process contami-
nants), process residuals, preservative drippage, and spent formulations from wood
preserving processes generated at plants that use creosote formulations. This list-
ing does not include K001 bottom sediment sludge from the treatment of waste-
water from wood preserving processes that use creosote and/or pentachlorophenol.
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FO37 ...

Wastewaters (except those that have not come into contact with process contami-
nants), process residuals, preservative drippage, and spent formulations from wood
preserving processes generated at plants that use inorganic preservatives con-
taining arsenic or chromium. This listing does not include K001 bottom sediment
sludge from the treatment of wastewater from wood preserving processes that use
creosote and/or pentachlorophenol.

Petroleum refinery primary oil/water/solids separation sludge—Any sludge generated
from the gravitational separation of oil/water/solids during the storage or treatment
of process wastewaters and oily cooling wastewaters from petroleum refineries.
Such sludges include, but are not limited to, those generated in oil/water/solids
separators; tanks and impoundments; ditches and other conveyances; sumps; and
stormwater units receiving dry weather flow. Sludge generated in stormwater units
that do not receive dry weather flow, sludges generated from non-contact once-
through cooling waters segregated for treatment from other process or oily cooling
waters, sludges generated in aggressive biological treatment units as defined in
§261.31(b)(2) (including sludges generated in one or more additional units after
wastewaters have been treated in aggressive biological treatment units) and K051
wastes are not included in this listing. This listing does include residuals generated
from processing or recycling oil-bearing hazardous secondary materials excluded
under § 261.4(a)(12)(i), if those residuals are to be disposed of.

Petroleum refinery secondary (emulsified) oil/water/solids separation sludge—Any
sludge and/or float generated from the physical and/or chemical separation of oil/
water/solids in process wastewaters and oily cooling wastewaters from petroleum
refineries. Such wastes include, but are not limited to, all sludges and floats gen-
erated in: induced air flotation (IAF) units, tanks and impoundments, and all
sludges generated in DAF units. Sludges generated in stormwater units that do not
receive dry weather flow, sludges generated from non-contact once-through cool-
ing waters segregated for treatment from other process or oily cooling waters,
sludges and floats generated in aggressive biological treatment units as defined in
§261.31(b)(2) (including sludges and floats generated in one or more additional
units after wastewaters have been treated in aggressive biological treatment units)
and FO37, K048, and K051 wastes are not included in this listing.

Leachate (liquids that have percolated through land disposed wastes) resulting from
the disposal of more than one restricted waste classified as hazardous under sub-
part D of this part. (Leachate resulting from the disposal of one or more of the fol-
lowing EPA Hazardous Wastes and no other Hazardous Wastes retains its EPA
Hazardous Waste Number(s): F020, F021, F022, F026, FO27, and/or F028.).

m

*(1,T) should be used to specify mixtures that are ignitable and contain toxic constituents.

(b) Listing Specific Definitions: (1)
For the purposes of the F037 and F038
listings, oil/water/solids is defined as
oil and/or water and/or solids.(2) (i) For
the purposes of the F037 and F038 list-
ings, aggressive biological treatment
units are defined as units which em-
ploy one of the following four treat-
ment methods: activated sludge; trick-
ling filter; rotating biological con-
tactor for the continuous accelerated
biological oxidation of wastewaters; or
high-rate aeration. High-rate aeration
is a system of surface impoundments or
tanks, in which intense mechanical
aeration is used to completely mix the
wastes, enhance biological activity,
and (A) the units employ a minimum of
6 hp per million gallons of treatment
volume; and either (B) the hydraulic
retention time of the unit is no longer
than 5 days; or (C) the hydraulic reten-
tion time is no longer than 30 days and
the unit does not generate a sludge
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that is a hazardous waste by the Tox-
icity Characteristic.

(ii) Generators and treatment, stor-
age and disposal facilities have the
burden of proving that their sludges
are exempt from listing as F037 and
F038 wastes under this definition. Gen-
erators and treatment, storage and dis-
posal facilities must maintain, in their
operating or other onsite records, docu-
ments and data sufficient to prove
that: (A) the unit is an aggressive bio-
logical treatment unit as defined in
this subsection; and (B) the sludges
sought to be exempted from the defini-
tions of F037 and/or F038 were actually
generated in the aggressive biological
treatment unit.

(3) (i) For the purposes of the FO037
listing, sludges are considered to be
generated at the moment of deposition
in the unit, where deposition is defined
as at least a temporary cessation of
lateral particle movement.
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(ii) For the purposes of the F038 list-
ing, (A) sludges are considered to be
generated at the moment of deposition
in the unit, where deposition is defined
as at least a temporary cessation of
lateral particle movement and (B)
floats are considered to be generated at
the moment they are formed in the top
of the unit.

(4) For the purposes of the F019 list-
ing, the following apply to wastewater
treatment sludges from the manufac-
turing of motor vehicles using a zinc
phosphating process.

(i) Motor vehicle manufacturing is
defined to include the manufacture of
automobiles and light trucks/utility
vehicles (including light duty vans,
pick-up trucks, minivans, and sport
utility vehicles). Facilities must be en-
gaged in manufacturing complete vehi-
cles (body and chassis or unibody) or
chassis only.

(ii) Generators must maintain in
their on-site records documentation

§261.32

and information sufficient to prove
that the wastewater treatment sludges
to be exempted from the FO019 listing
meet the conditions of the listing.
These records must include: the vol-
ume of waste generated and disposed of
off site; documentation showing when
the waste volumes were generated and
sent off site; the name and address of
the receiving facility; and documenta-
tion confirming receipt of the waste by
the receiving facility. Generators must
maintain these documents on site for
no less than three years. The retention
period for the documentation is auto-
matically extended during the course
of any enforcement action or as re-
quested by the Regional Administrator
or the state regulatory authority.

[46 FR 4617, Jan. 16, 1981]

EDITORIAL NOTE: For FEDERAL REGISTER ci-
tations affecting §261.31, see the List of CFR
Sections Affected, which appears in the
Finding Aids section of the printed volume
and at www.fdsys.gov.

§261.32 Hazardous wastes from specific sources.

(a)The following solid wastes are listed hazardous wastes from specific sources
unless they are excluded under §§260.20 and 260.22 and listed in appendix IX.

Industry angFePﬁot?azardous Hazardous waste Hcaozdaerd
Wood preservation: KOO1 ..... Bottom sediment sludge from the treatment of wastewaters from wood preserving | (T)
processes that use creosote and/or pentachlorophenol.
Inorganic plgments
K002 .. Wastewater treatment sludge from the production of chrome yellow and orange pig- | (T)
ments.
K003 ... Wastewater treatment sludge from the production of molybdate orange pigments (T)
K004 Wastewater treatment sludge from the production of zinc yellow pigments ....... .| (T)
K005 Wastewater treatment sludge from the production of chrome green pigments (T)
K006 ... Wastewater treatment sludge from the production of chrome oxide green plgmen s | (T)
(anhydrous and hydrated).
K007 ... Wastewater treatment sludge from the production of iron blue pigments ()]
K008 . Oven residue from the production of chrome oxide green pigments . ()]
Organic chemlca s:
K009 ... Distillation bottoms from the production of acetaldehyde from ethylene .. ()]
K010 Distillation side cuts from the production of acetaldehyde from ethylene . ()]
KO11 Bottom stream from the wastewater stripper in the production of acrylonitrile (R, T)
K013 Bottom stream from the acetonitrile column in the production of acrylonitrile ... (R, T)
K014 Bottoms from the acetonitrile purification column in the production of acrylonitrile (T
K015 Still bottoms from the distillation of benzyl chloride ...........cccccoiiiiiiiciicne. (M
K016 Heavy ends or distillation residues from the production of carbon tetrachloride ... (M)
K017 ... Heavy ends (still bottoms) from the purification column in the production of (M
epichlorohydrin.
K018 ... Heavy ends from the fractionation column in ethyl chloride production .............cc.ccc..... (T)
K019 ... Heavy ends from the distillation of ethylene dichloride in ethylene dichloride produc- | (T)
tion.
K020 ... Heavy ends from the distillation of vinyl chloride in vinyl chloride monomer production | (T)
K021 Aqueous spent antimony catalyst waste from fluoromethanes production (M
K022 Distillation bottom tars from the production of phenol/acetone from cumene .. ()]
K023 Distillation light ends from the production of phthalic anhydride from naphthalene (T)
K024 Distillation bottoms from the production of phthalic anhydride from naphthalene . (M
K025 ... Distillation bottoms from the production of nitrobenzene by the nitration of benzene ... | (T)
K026 ... Stripping still tails from the production of methy ethyl pyridines (M
K027 ... Centrifuge and distillation residues from toluene diisocyanate production (R, T)
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K028 ..o Spent catalyst from the hydrochlorinator reactor in the production of 1,1,1-trichloro- | (T)
ethane.

K029 .. Waste from the product steam stripper in the production of 1,1,1-trichloroethane ........ (T)

K030 .. Column bottoms or heavy ends from the combined production of trichloroethylene | (T)
and perchloroethylene.

K083 .. Distillation bottoms from aniline production ........... (T)

K085 Distillation or fractionation column bottoms from the production of chlorobenzenes (T)

K093 Distillation light ends from the production of phthalic anhydride from ortho-xylene (T)

K094 Distillation bottoms from the production of phthalic anhydride from ortho-xylene (M)

K095 Distillation bottoms from the production of 1,1,1-trichloroethane (T)

K096 Heavy ends from the heavy ends column from the production of 1,1,1-trichloroethane | (T)

K103 Process residues from aniline extraction from the production of aniline (T)

K104 .. Combined wastewater streams generated from nitrobenzene/aniline production (T)

K105 i Separated aqueous stream from the reactor product washing step in the production | (T)
of chlorobenzenes.

K107 e Column bottoms from product separation from the production of 1,1-|(C,T)
dimethylhydrazine (UDMH) from carboxylic acid hydrazines.

K108 .. Condensed column overheads from product separation and condensed reactor vent | (1,T)
gases from the production of 1,1-dimethylhydrazine (UDMH) from carboxylic acid
hydrazides.

K109 oo Spent filter cartridges from product purification from the production of 1,1- | (T)
dimethylhydrazine (UDMH) from carboxylic acid hydrazides.

K110 s Condensed column overheads from intermediate separation from the production of | (T)
1,1-dimethylhydrazine (UDMH) from carboxylic acid hydrazides.

K111 s Product washwaters from the production of dinitrotoluene via nitration of toluene ....... (C,Mm

K112 e Reaction by-product water from the drying column in the production of | (T)
toluenediamine via hydrogenation of dinitrotoluene.

Condensed liquid light ends from the purification of toluenediamine in the production | (T)
of toluenediamine via hydrogenation of dinitrotoluene.

K114 e Vicinals from the purification of toluenediamine in the production of toluenediamine | (T)
via hydrogenation of dinitrotoluene.

K115 e Heavy ends from the purification of toluenediamine in the production of | (T)
toluenediamine via hydrogenation of dinitrotoluene.

K116 e Organic condensate from the solvent recovery column in the production of toluene | (T)
diisocyanate via phosgenation of toluenediamine.

K117 e Wastewater from the reactor vent gas scrubber in the production of ethylene | (T)
dibromide via bromination of ethene.

Spent adsorbent solids from purification of ethylene dibromide in the production of | (T)
ethylene dibromide via bromination of ethene.

K136 oo Still bottoms from the purification of ethylene dibromide in the production of ethylene | (T)
dibromide via bromination of ethene.

K149 i Distillation bottoms from the production of alpha- (or methyl-) chlorinated toluenes, | (T)
ring-chlorinated toluenes, benzoyl chlorides, and compounds with mixtures of these
functional groups, (This waste does not include still bottoms from the distillation of
benzyl chloride.).

K150 i Organic residuals, excluding spent carbon adsorbent, from the spent chlorine gas | (T)
and hydrochloric acid recovery processes associated with the production of alpha-

(or methyl-) chlorinated toluenes, ring-chlorinated toluenes, benzoyl chlorides, and
compounds with mixtures of these functional groups.

K151 s Wastewater treatment sludges, excluding neutralization and biological sludges, gen- | (T)
erated during the treatment of wastewaters from the production of alpha- (or meth-
yl-) chlorinated toluenes, ring-chlorinated toluenes, benzoyl chlorides, and com-
pounds with mixtures of these functional groups.

K156 .. Organic waste (including heavy ends, still bottoms, light ends, spent solvents, fil- | (T)
trates, and decantates) from the production of carbamates and carbamoyl oximes.
(This listing does not apply to wastes generated from the manufacture of 3-iodo-2-
propynyl n-butylcarbamate.).

K157 s Wastewaters (including scrubber waters, condenser waters, washwaters, and separa- | (T)
tion waters) from the production of carbamates and carbamoyl oximes. (This listing
does not apply to wastes generated from the manufacture of 3-iodo-2-propynyl n-
butylcarbamate.).

K158 oo Bag house dusts and filter/separation solids from the production of carbamates and | (T)
carbamoyl oximes. (This listing does not apply to wastes generated from the man-
ufacture of 3-iodo-2-propynyl n-butylcarbamate.).

Organics from the treatment of thiocarbamate wastes .. (M)
Purification solids (including filtration, evaporation, and centrifugation solids), bag | (R,T)

house dust and floor sweepings from the production of dithiocarbamate acids and
their salts. (This listing does not include K125 or K126.).
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K174 e Wastewater treatment sludges from the production of ethylene dichloride or vinyl | (T)
chloride monomer (including sludges that result from commingled ethylene dichlo-
ride or vinyl chloride monomer and other tewater), unless the
sludges meet the following conditions: (i) they are disposed of in a subtitle C or
non-hazardous landfill licensed or permitted by the state or federal government; (ii)
they are not otherwise placed on the land prior to final disposal; and (iii) the gener-
ator maintains documentation demonstrating that the waste was either disposed of
in an on-site landfill or consigned to a transporter or disposal facility that provided
a written commitment to dispose of the waste in an off-site landfill. Respondents in
any action brought to enforce the requirements of subtitle C must, upon a showing
by the government that the respondent managed wastewater treatment sludges
from the production of vinyl chloride monomer or ethylene dichloride, demonstrate
that they meet the terms of the exclusion set forth above. In doing so, they must
provide appropriate documentation (e.g., contracts between the generator and the
landfill owner/operator, invoices documenting delivery of waste to landfill, etc.) that
the terms of the exclusion were met.

K175 s Wastewater treatment sludges from the production of vinyl chloride monomer using | (T)
mercuric chloride catalyst in an acetylene-based process.
K181 e Nonwastewaters from the production of dyes and/or pigments (including | (T)
nonwastewaters commingled at the point of generation with nonwastewaters from
other processes) that, at the point of generation, contain mass loadings of any of
the constituents identified in paragraph (c) of this section that are equal to or great-
er than the corresponding paragraph (c) levels, as determined on a calendar year
basis. These wastes will not be hazardous if the nonwastewaters are: (i) disposed
in a Subtitle D landfill unit subject to the design criteria in §258.40, (ii) disposed in
a Subtitle C landfill unit subject to either §264.301 or §265.301, (iii) disposed in
other Subtitle D landfill units that meet the design criteria in §258.40, §264.301, or
§265.301, or (iv) treated in a combustion unit that is permitted under Subtitle C, or
an onsite combustion unit that is permitted under the Clean Air Act. For the pur-
poses of this listing, dyes and/or pigments production is defined in paragraph (b)(1)
of this section. Paragraph (d) of this section describes the process for dem-
onstrating that a facility’s nonwastewaters are not K181. This listing does not apply
to wastes that are otherwise identified as hazardous under §§261.21-261.24 and
261.31-261.33 at the point of generation. Also, the listing does not apply to wastes
generated before any annual mass loading limit is met.

Inorganic chemicals:

KO71 s Brine purification muds from the mercury cell process in chlorine production, where | (T)
separately prepurified brine is not used.
KO73 s Chlorinated hydrocarbon waste from the purification step of the diaphragm cell proc- | (T)

ess using graphite anodes in chlorine production.
Wastewater treatment sludge from the mercury cell process in chlorine production ... | (T)
Baghouse filters from the production of antimony oxide, including filters from the pro- | (E)

duction of intermediates (e.g., antimony metal or crude antimony oxide).
K177 e Slag from the production of antimony oxide that is speculatively accumulated or dis- | (T)
posed, including slag from the production of intermediates (e.g., antimony metal or
crude antimony oxide).

K178 i Residues from manufacturing and manufacturing-site storage of ferric chloride from | (T)
acids formed during the production of titanium dioxide using the chloride-iimenite
process.

Pesticides:

K031 .. By-product salts generated in the production of MSMA and cacodylic acid (T)

K032 .. ... | Wastewater treatment sludge from the production of chlordane (T)

KOB3 ..o Wastewater and scrub water from the chlorination of cyclopentadiene in the produc- | (T)
tion of chlordane.

KO34 ..o Filter solids from the filtration of hexachlorocyclopentadiene in the production of | (T)
chlordane.

K035 .. Wastewater treatment sludges generated in the production of creosote (M)

K036 Still bottoms from toluene reclamation distillation in the production of disulfoton (T)

K037 Wastewater treatment sludges from the production of disulfoton .. ()]

K038 Wastewater from the washing and stripping of phorate production (M

K039 .. Filter cake from the filtration of diethylphosphorodithioic acid in the production of | (T)
phorate.

K040 .. Wastewater treatment sludge from the production of phorate ()]

K041 Wastewater treatment sludge from the production of toxaphene .. (T)

K042 .. Heavy ends or distillation residues from the distillation of tetrachlorobenzene in the | (T)
production of 2,4,5-T.

K043 .. 2,6-Dichlorophenol waste from the production of 2,4-D ..........cccccoiiiiiniiiiiicciicns (M)

K097 .. Vacuum stripper discharge from the chlordane chlorinator in the production of | (T)
chlordane.

K098 .. Untreated process wastewater from the production of toxaphene (T)

K099 Untreated wastewater from the production of 2,4-D . ()]

K123 .. Process wastewater (including supernates, filtrates, and washwaters) from the pro- | (T)

duction of ethylenebisdithiocarbamic acid and its salt.
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K124 e Reactor vent scrubber water from the production of ethylenebisdithiocarbamic acid | (C, T)
and its salts.

K125 i Filtration, evaporation, and centrifugation solids from the production of | (T)
ethylenebisdithiocarbamic acid and its salts.

K126 oo Baghouse dust and floor sweepings in milling and packaging operations from the pro- | (T)
duction or formulation of ethylenebisdithiocarbamic acid and its salts.

K131 s Wastewater from the reactor and spent sulfuric acid from the acid dryer from the pro- | (C, T)
duction of methyl bromide.

K132 .. Spent absorbent and wastewater separator solids from the production of methyl bro- | (T)
mide.

Explosives:

K044 .. Wastewater treatment sludges from the manufacturing and processing of explosives | (R)

K045 Spent carbon from the treatment of wastewater containing explosives .............ccccoceen. (R)

K046 .. Wastewater treatment sludges from the manufacturing, formulation and loading of | (T)
lead-based initiating compounds.

K047 Pink/red water from TNT operations . (R)

Petroleum refinini

KO48 ..o Dissolved air flotation (DAF) float from the petroleum refining industry ...........cccccoeeeees ()]

K049 .. Slop oil emulsion solids from the petroleum refining industry ()]

K050 Heat exchanger bundle cleaning sludge from the petroleum refining industry . ()]

K051 API separator sludge from the petroleum refining industry ... (T)

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

K169 Crude oil storage tank sediment from petroleum refining operations (T

K170 .. Clarified slurry oil tank sediment and/or in-line filter/separation solids from petroleum | (T)
refining operations.

K171 e Spent Hydrotreating catalyst from petroleum refining operations, including guard beds | (I,T)
used to desulfurize feeds to other catalytic reactors (this listing does not include
inert support media).

K172 e Spent Hydrorefining catalyst from petroleum refining operations, including guard beds | (I,T)
used to desulfurize feeds to other catalytic reactors (this listing does not include
inert support media).

Iron and steel:

K061 .. Emission control dust/sludge from the primary production of steel in electric furnaces | (T)

K062 .. Spent pickle liquor generated by steel finishing operations of facilities within the iron | (C,T)
and steel industry (SIC Codes 331 and 332).

Primary aluminum:
K088 ......coeverrciii Spent potliners from primary aluminum reduction ............ccccccociiiiiiicnincnes (M)
Secondary lead:

.................................. Emission control dust/sludge from secondary lead smelting. (NOTE: This listing is | (T)
stayed administratively for sludge generated from secondary acid scrubber sys-
tems. The stay will remain in effect until further administrative action is taken. If
EPA takes further action effecting this stay, EPA will publish a notice of the action
in the FEDERAL REGISTER).

K100 oo Waste leaching solution from acid leaching of emission control dust/sludge from sec- | (T)
ondary lead smelting.

Veterinary pharmaceuticals:

K084 ....ccoviiiiiiiiiie Wastewater treatment sludges generated during the production of veterinary pharma- | (T)
ceuticals from arsenic or organo-arsenic compounds.

K101 o Distillation tar residues from the distillation of aniline-based compounds in the pro- | (T)
duction of veterinary pharmaceuticals from arsenic or organo-arsenic compounds.

K102 i Residue from the use of activated carbon for decolorization in the production of vet- | (T)
erinary pharmaceuticals from arsenic or organo-arsenic compounds.

Ink formulation:

K086 .....cocoovviiiiiciicicie Solvent washes and sludges, caustic washes and sludges, or water washes and | (T)
sludges from cleaning tubs and equipment used in the formulation of ink from pig-
ments, driers, soaps, and stabilizers containing chromium and lead.

Coking:

K060 .. Ammonia still lime sludge from coking operations e (T)

K087 Decanter tank tar sludge from coking operations . e (T)

K141 . Process residues from the recovery of coal tar, including, but not limited to, collecting | (T)
sump residues from the production of coke from coal or the recovery of coke by-
products produced from coal. This listing does not include K087 (decanter tank tar
sludges from coking operations).

K142 s Tar storage tank residues from the production of coke from coal or from the recovery | (T)
of coke by-products produced from coal.

K143 e Process residues from the recovery of light oil, including, but not limited to, those | (T)
generated in stills, decanters, and wash oil recovery units from the recovery of
coke by-products produced from coal.

K144 s Wastewater sump residues from light oil refining, including, but not limited to, inter- | (T)
cepting or contamination sump sludges from the recovery of coke by-products pro-
duced from coal.

K145 s Residues from naphthalene collection and recovery operations from the recovery of | (T)

coke by-products produced from coal.
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Industry and EPA hazardous Hazard
waste No. Hazardous waste code
Tar storage tank residues from coal tar refining ... e (T
Residues from coal tar distillation, including but not limited to, still bottoms ................. (M

(b) Listing Specific Definitions: (1) For
the purposes of the K181 listing, dyes
and/or pigments production is defined
to include manufacture of the fol-
lowing product classes: dyes, pigments,
or FDA certified colors that are classi-
fied as azo, triarylmethane, perylene or
anthraquinone classes. Azo products
include azo, monoazo, diazo, triazo,
polyazo, azoic, benzidine, and pyrazo-
lone products. Triarylmethane prod-
ucts include both triarylmethane and
triphenylmethane products. Wastes
that are not generated at a dyes and/or
pigments manufacturing site, such as
wastes from the offsite use, formula-
tion, and packaging of dyes and/or pig-
ments, are not included in the K181
listing.

(c) K181 Listing Levels.
Nonwastewaters containing constitu-
ents in amounts equal to or exceeding
the following levels during any cal-
endar year are subject to the K181 list-
ing, unless the conditions in the K181
listing are met.

Chemical Mass

Constituent abstracts levels

No. (kglyr)
Aniline 62-53-3 9,300
o-Anisidin 90-04-0 110
4-Chloroaniline 106-47-8 4,800
p-Cresidine ......... 120-71-8 660
2,4-Dimethylaniline . 95-68-1 100
1,2-Phenylenediamine 95-54-5 710
1,3-Phenylenediamine .... 108-45-2 1,200

(d) Procedures for demonstrating that
dyes and/or pigment nonwastewaters are
not KI181. The procedures described in
paragraphs (d)(1)-(d)(3) and (d)(6) of
this section establish when
nonwastewaters from the production of
dyes/pigments would not be hazardous
(these procedures apply to wastes that
are not disposed in landfill units or
treated in combustion units as speci-
fied in paragraph (a) of this section). If
the nonwastewaters are disposed in
landfill units or treated in combustion
units as described in paragraph (a) of
this section, then the nonwastewaters
are not hazardous. In order to dem-
onstrate that it is meeting the landfill
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disposal or combustion conditions con-
tained in the K181 listing description,
the generator must maintain docu-
mentation as described in paragraph
(d)(4) of this section.

(1) Determination based on no KI81
constituents. Generators that have
knowledge (e.g., knowledge of constitu-
ents in wastes based on prior sampling
and analysis data and/or information
about raw materials used, production
processes used, and reaction and deg-
radation products formed) that their
wastes contain none of the K181 con-
stituents (see paragraph (c) of this sec-
tion) can use their knowledge to deter-
mine that their waste is not K181. The
generator must document the basis for
all such determinations on an annual
basis and keep each annual documenta-
tion for three years.

(2) Determination for generated quan-
tities of 1,000 MT/yr or less for wastes that
contain KI181 constituents. If the total
annual quantity of dyes and/or pigment
nonwastewaters generated is 1,000 met-
ric tons or less, the generator can use
knowledge of the wastes (e.g., knowl-
edge of constituents in wastes based on
prior analytical data and/or informa-
tion about raw materials used, produc-
tion processes used, and reaction and
degradation products formed) to con-
clude that annual mass loadings for the
K181 constituents are below the listing
levels of paragraph (c) of this section.
To make this determination, the gener-
ator must:

(i) Each year document the basis for
determining that the annual quantity
of nonwastewaters expected to be gen-
erated will be less than 1,000 metric
tons.

(ii) Track the actual quantity of
nonwastewaters generated from Janu-
ary 1 through December 31 of each
year. If, at any time within the year,
the actual waste quantity exceeds 1,000
metric tons, the generator must com-
ply with the requirements of paragraph
(d)(3) of this section for the remainder
of the year.
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(iii) Keep a running total of the K181
constituent mass loadings over the
course of the calendar year.

(iv) Keep the following records on
site for the three most recent calendar
yvears in which the hazardous waste de-
terminations are made:

(A) The quantity of dyes and/or pig-
ment nonwastewaters generated.

(B) The relevant process information
used.

(C) The calculations performed to de-
termine annual total mass loadings for
each K181 constituent in the
nonwastewaters during the year.

(3) Determination for generated quan-
tities greater than 1,000 MT/yr for wastes
that contain KI181 constituents. If the
total annual quantity of dyes and/or
pigment nonwastewaters generated is
greater than 1,000 metric tons, the gen-
erator must perform all of the steps de-
scribed in paragraphs ((d)(3)(1)—(d)(3)(xi)
of this section) in order to make a de-
termination that its waste is not K181.

(i) Determine which K181 constitu-
ents (see paragraph (c) of this section)
are reasonably expected to be present
in the wastes based on knowledge of
the wastes (e.g., based on prior sam-
pling and analysis data and/or informa-
tion about raw materials used, produc-
tion processes used, and reaction and
degradation products formed).

(ii) If 1,2-phenylenediamine is present
in the wastes, the generator can use ei-
ther knowledge or sampling and anal-
ysis procedures to determine the level
of this constituent in the wastes. For
determinations based on use of knowl-
edge, the generator must comply with
the procedures for using knowledge de-
scribed in paragraph (d)(2) of this sec-
tion and keep the records described in
paragraph (d)(2)(iv) of this section. For
determinations based on sampling and
analysis, the generator must comply
with the sampling and analysis and
recordkeeping requirements described
below in this section.

(iii) Develop a waste sampling and
analysis plan (or modify an existing
plan) to collect and analyze representa-
tive waste samples for the K181 con-
stituents reasonably expected to be
present in the wastes. At a minimum,
the plan must include:
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(A) A discussion of the number of
samples needed to characterize the
wastes fully;

(B) The planned sample collection
method to obtain representative waste
samples;

(C) A discussion of how the sampling
plan accounts for potential temporal
and spatial variability of the wastes.

(D) A detailed description of the test
methods to be used, including sample
preparation, clean up (if necessary),
and determinative methods.

(iv) Collect and analyze samples in
accordance with the waste sampling
and analysis plan.

(A) The sampling and analysis must
be unbiased, precise, and representa-
tive of the wastes.

(B) The analytical measurements
must be sufficiently sensitive, accurate
and precise to support any claim that
the constituent mass loadings are
below the listing levels of paragraph (c)
of this section.

(v) Record the analytical results.

(vi) Record the waste quantity rep-
resented by the sampling and analysis
results.

(vii) Calculate constituent-specific
mass loadings (product of concentra-
tions and waste quantity).

(viii) Keep a running total of the K181
constituent mass loadings over the
course of the calendar year.

(ix) Determine whether the mass of
any of the K181 constituents listed in
paragraph (c) of this section generated
between January 1 and December 31 of
any year is below the K181 listing lev-
els.

(x) Keep the following records on site
for the three most recent calendar
years in which the hazardous waste de-
terminations are made:

(A) The sampling and analysis plan.

(B) The sampling and analysis results
(including QA/QC data)

(C) The quantity of dyes and/or pig-
ment nonwastewaters generated.

(D) The calculations performed to de-
termine annual mass loadings.

(xi) Nonhazardous waste determina-
tions must be conducted annually to
verify that the wastes remain nonhaz-
ardous.

(A) The annual testing requirements
are suspended after three consecutive
successful annual demonstrations that
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the wastes are nonhazardous. The gen-
erator can then use knowledge of the
wastes to support subsequent annual
determinations.

(B) The annual testing requirements
are reinstated if the manufacturing or
waste treatment processes generating
the wastes are significantly altered, re-
sulting in an increase of the potential
for the wastes to exceed the listing lev-
els.

(C) If the annual testing require-
ments are suspended, the generator
must Kkeep records of the process
knowledge information used to support
a nonhazardous determination. If test-
ing is reinstated, a description of the
process change must be retained.

(4) Recordkeeping for the landfill dis-
posal and combustion exemptions. For
the purposes of meeting the landfill
disposal and combustion condition set
out in the K181 listing description, the
generator must maintain on site for
three years documentation dem-
onstrating that each shipment of waste
was received by a landfill unit that is
subject to or meets the landfill design
standards set out in the listing descrip-
tion, or was treated in combustion
units as specified in the listing descrip-
tion.

(6) Waste holding and handling. Dur-
ing the interim period, from the point
of generation to completion of the haz-
ardous waste determination, the gener-
ator 1is responsible for storing the
wastes appropriately. If the wastes are
determined to be hazardous and the
generator has not complied with the
subtitle C requirements during the in-
terim period, the generator could be
subject to an enforcement action for
improper management.

[46 FR 4618, Jan. 16, 1981]

EDITORIAL NOTE: For FEDERAL REGISTER ci-
tations affecting §261.32, see the List of CFR
Sections Affected, which appears in the
Finding Aids section of the printed volume
and at www.fdsys.gov.

§261.33 Discarded commercial chem-
ical products, off-specification spe-
cies, container residues, and spill
residues thereof.

The following materials or items are
hazardous wastes if and when they are
discarded or intended to be discarded
as described in §261.2(a)(2)(i), when
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they are mixed with waste oil or used
oil or other material and applied to the
land for dust suppression or road treat-
ment, when they are otherwise applied
to the land in lieu of their original in-
tended use or when they are contained
in products that are applied to the land
in lieu of their original intended use, or
when, in lieu of their original intended
use, they are produced for use as (or as
a component of) a fuel, distributed for
use as a fuel, or burned as a fuel.

(a) Any commercial chemical prod-
uct, or manufacturing chemical inter-
mediate having the generic name listed
in paragraph (e) or (f) of this section.

(b) Any off-specification commercial
chemical product or manufacturing
chemical intermediate which, if it met
specifications, would have the generic
name listed in paragraph (e) or (f) of
this section.

(c) Any residue remaining in a con-
tainer or in an inner liner removed
from a container that has held any
commercial chemical product or manu-
facturing chemical intermediate hav-
ing the generic name listed in para-
graphs (e) or (f) of this section, unless
the container is empty as defined in
§261.7(b) of this chapter.

[Comment: Unless the residue is being bene-
ficially used or reused, or legitimately recy-
cled or reclaimed; or being accumulated,
stored, transported or treated prior to such
use, re-use, recycling or reclamation, EPA
considers the residue to be intended for dis-
card, and thus, a hazardous waste. An exam-
ple of a legitimate re-use of the residue
would be where the residue remains in the
container and the container is used to hold
the same commercial chemical product or
manufacturing chemical intermediate it pre-
viously held. An example of the discard of
the residue would be where the drum is sent
to a drum reconditioner who reconditions
the drum but discards the residue.]

(d) Any residue or contaminated soil,
water or other debris resulting from
the cleanup of a spill into or on any
land or water of any commercial chem-
ical product or manufacturing chem-
ical intermediate having the generic
name listed in paragraph (e) or (f) of
this section, or any residue or contami-
nated soil, water or other debris result-
ing from the cleanup of a spill, into or
on any land or water, of any off-speci-
fication chemical product and manu-
facturing chemical intermediate
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Table 1 Page 1 of 1
First Phase Pre-Design Investigation Waste Characterization Results
San Jacinto River Waste Pits Site
Harris County, Texas
Area: Northern Northern Northern
Impoundment - East Impoundment - West | Impoundment - West
Sample Location: SJSB038 SJSB037 SJSB036
Parameters Sample Identification: SL0594 SL0547 SL0554
Sample Date: 12/18/2018 11/15/18 11/16/18
.. | TCLP Regulatory | Method Detection
Units 1 .2 - - -
Levels Limits
TCLP-Volatile Organic Compounds (VOCs)
1,1-Dichloroethene mg/L 0.7 0.00008 0.20U 0.032 U 0.032 U
1,2-Dichloroethane mg/L 0.5 0.00008 0.20U 0.032 U 0.032U
1,4-Dichlorobenzene mg/L 7.5 0.00032 0.20U 0.048 U 0.048 U
2-Butanone (Methyl ethyl ketone) (MEK) [ mg/L 200.0 0.0019 8.0U 0.76 U 0.76 U
Benzene mg/L 0.5 0.000062 0.20U 0.025 U 0.025 U
Carbon tetrachloride mg/L 0.5 0.000096 0.20 U 0.039 U 0.039 U
Chlorobenzene mg/L 100.0 0.00011 0.20 U 0.044 U 0.044 U
Chloroform (Trichloromethane) mg/L 6.0 0.000072 0.20U 0.029 U 0.029 U
Tetrachloroethene mg/L 0.7 0.000099 0.20 U 0.040 U 0.040 U
Trichloroethene mg/L 0.5 0.0001 0.20U 0.040 U 0.040 U
Vinyl chloride mg/L 0.2 0.000075 0.080 U 0.030 U 0.030 U
TCLP-Semi-Volatile Organic Compounds (SVOCs)
2,4,5-Trichlorophenol mg/L 400.0 0.000018 0.10U 0.013 U 0.013 U
2,4,6-Trichlorophenol mg/L 2.0 0.000014 0.10U 0.011U 0.0099 U
2,4-Dinitrotoluene mg/L 0.13 0.00027 0.10U 0.020 U 0.019 U
2-Methylphenol mg/L 200.0 0.00033 0.10U 0.013 U 0.013 U
4-Methylphenol mg/L 200.0 0.00048 0.10 U 0.0070 U 0.0067 U
Hexachlorobenzene mg/L 0.13 0.00063 0.10U 0.014 U 0.014 U
Hexachlorobutadiene mg/L 0.5 0.00029 0.10U 0.0095 U 0.0091 U
Hexachloroethane mg/L 3.0 0.00029 0.10U 0.0071 U 0.0068 U
Nitrobenzene mg/L 2.0 0.00057 0.10U 0.012U 0.012U
Pentachlorophenol mg/L 100.0 0.0024 0.25U 0.016 U 0.016 U
Pyridine mg/L 5.0 0.0075 0.50 U 0.38 U 0.36 U
TCLP-Pesticides
Chlordane mg/L 0.03 0.0001 0.0010 U 0.0010 U 0.0010 U
Endrin mg/L 0.02 0.00000069 0.00010 U 0.00010 U 0.00010 U
gamma-BHC (lindane) mg/L 0.3 0.00000036 0.00010 U 0.00010 U 0.00010 U
Heptachlor mg/L 0.008 0.00000068 0.00010 U 0.00010 U 0.00010 U
Heptachlor epoxide mg/L 0.04 0.00000084 0.00010 U 0.00010 U 0.00010 U
Methoxychlor mg/L 10.0 0.0000001 0.00010 U 0.00010 U 0.00010 U
Toxaphene mg/L 0.5 0.0002 0.0020 U 0.0020 U 0.0020 U
TCLP-Metals
Arsenic mg/L 5.0 0.005 0.020 U 0.021J 0.020 U
Barium mg/L 100.0 0.0006 09J 1.6 1.4
Cadmium mg/L 1.0 0.0005 0.050 U 0.002 J 0.001 J
Chromium mg/L 5.0 0.0009 0.050 U 0.010 U 0.010 U
Lead mg/L 5.0 0.005 0.050 U 0.015U 0.015U
Mercury mg/L 0.2 0.00002 0.0010 U 0.0001 U 0.0001 U
Selenium mg/L 1.0 0.009 0.10U 0.02U 0.02 J
Silver mg/L 5.0 0.002 0.050 U 0.004 U 0.004 U
TCLP-Herbicides
2,4,5-TP (Silvex) mg/L 1.0 0.000036 0.020 U 0.030 U 0.029 U
2,4-Dichlorophenoxyacetic acid (2,4-D) | mg/L 10.0 0.000045 0.100 U 0.150 U 0.150 U
General Chemistry
Flash point (closed cup) °C > 60 NA > 110 > 110 > 110
Percent solids % NA NA 459 J 67.1J 70.0J
pH, lab S.U. >2 or <12 NA 7.84 8.09 J 8.54 J
Reactive cyanide mg/kg NA 17.4 17 U 100 U 100 U
Reactive sulfide mg/kg NA 0.2 70 U 48 U 46 U
Sulfur mg/kg NA 0.46 - == -
Total Petroleum Hydrocarbons (TPH)
Gasoline Range Organics (GRO) mg/kg >1500° 0.62 -
Diesel Range Organics (DRO) mg/kg >1500° 0.79 -
Residual Range Organics (RRO) mg/kg >1500° 2.9 -
Polychlorinated Biphenyls (PCBs)
Aroclor 1016 mg/kg NA 2.1 === === -
Aroclor 1221 mg/kg NA 2.1 -—-
Aroclor 1232 mg/kg NA 2.1 === === ==
Aroclor 1242 mg/kg NA 2.1 -—-
Aroclor 1248 mg/kg NA 2.1 === === ==
Aroclor 1254 mg/kg NA 2.1 -—-
Aroclor 1260 mg/kg NA 2.1 === == ==
Aroclor 1262 mg/kg NA 2.1 -—-
Aroclor 1268 mg/kg NA 2.1 === == ==

Notes:

TCLP - Toxicity Characteristic Leaching Procedure

mg/L - milligrams per Liter
ug/L - microgram per Liter
mg/kg - milligram per kilogram
Deg C - Degrees in Celsius

TCLP - Toxicity Characteristic Leaching Procedure
'.TCLp Regulatory Levels from the Guidelines for the Classification and Coding of Industrial and Hazardous Wastes , November 2014, and Table 1 - Maximum

Concentrations.

NA - Not Applicable
s.u. - standard unit

U - Not detected at the associated reporting limit.
J - Estimated concentration.
UJ - Not detected; associated reporting limit is estimated.

--- - Not analyzed

2 _ Method Detection Limits were taken from Table 9 Analyte, Method Reporting Limits, and Method Detection Limits for Waste Characterization Samples from the First

Phase Pre-Design Investigation Report.

*_TPH Regulatory Standard is a Total value, not a TCLP.
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Second Phase Pre-Design Investigation Composite Sample Results

Table 2

San Jacinto River Waste Pits Site

Harris County, Texas

Page 1 of 3

Area: Initial Sample - Southwest Composite Sample 2 - Northwest Composite Sample 3 - Northeast Composite Sample 4 - Southeast
Sample Location: Initial Area 2 Area 3 Area 4
Sample Identification:| Units 11187072-NORTH-IMPCT-INITIALS 11187072-N.TREATMENT AREA #2 11187072-N.TREATMENT AREA #3 11187072-N.TREATMENT AREA #4
Sample Date: 10/15/2019 12/18/2019 12/18/2019 12/18/2019
Report Sample Delivery Group (SDG): 180-97287-1, 180-97287-2 180-100205-1 180-100205-1 180-100205-1
General Chemistry
Cyanide (total) mg/kg 0.43 U 0.37 U 0.40U 0.40U
Free liquid none U U U U
Ignitability Deg F > 140 > 140 > 140 > 140
Percent solids % -- 714 67.4 66.7
pH, lab S.u. 79J 8.5J 8.7J 7.9J
Sulfide mg/kg 76 J 72 59 24 J
TCLP-Dioxins/Furans
1,2,3,4,6,7,8,9-Octachlorodibenzofuran (OCDF) pa/L 7.6 U 95 J 19U 16 U
1,2,3,4,6,7,8,9-Octachlorodibenzo-p-dioxin (OCDD) pa/L 34 U 77J 11U 99U
1,2,3,4,6,7,8-Heptachlorodibenzofuran (HpCDF) pg/L 5.3U 9.0 U 8.5 U 8.3U
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (HpCDD) pg/L 34U 23 J 75U 59U
1,2,3,4,7,8,9-Heptachlorodibenzofuran (HpCDF) pa/L 6.2 U 31J 12U 11U
1,2,3,4,7,8-Hexachlorodibenzofuran (HXCDF) pa/L 29U 15U 12U 10U
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) pa/L 45U 20J 8.7U 6.9U
1,2,3,6,7,8-Hexachlorodibenzofuran (HXCDF) pa/L 31U 13U 11U 11U
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) pa/L 4.7 U 79U 9.2 U 75U
1,2,3,7,8,9-Hexachlorodibenzofuran (HXCDF) pg/L 2.2 U 15J 7.3U 71U
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (HxCDD) pg/L 43U 6.7U 79U 6.3U
1,2,3,7,8-Pentachlorodibenzofuran (PeCDF) pg/L 46U 10U 8.4U 8.3U
1,2,3,7,8-Pentachlorodibenzo-p-dioxin (PeCDD) pg/L 8.4U 19U 20U 16 U
2,3,4,6,7,8-Hexachlorodibenzofuran (HxCDF) pg/L 25U 9.2U 75U 6.8 U
2,3,4,7,8-Pentachlorodibenzofuran (PeCDF) pg/L 46U 11U 9.2U 94U
2,3,7,8-Tetrachlorodibenzofuran (TCDF) pg/L 28U 1J 6.5U 6.6 U
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) pg/L 34U 12U 12U 12U
Total heptachlorodibenzofuran (HpCDF) pg/L 6.2 U 31J 12U 11U
Total heptachlorodibenzo-p-dioxin (HpCDD) pg/L 10U 23 J 75U 59U
Total hexachlorodibenzofuran (HxCDF) pg/L 3.1U 15J 12U 11U
Total hexachlorodibenzo-p-dioxin (HxCDD) pg/L 4.7 U 20J 9.2U 75U
Total pentachlorodibenzofuran (PeCDF) pg/L 46U 11U 9.2U 94U
Total pentachlorodibenzo-p-dioxin (PeCDD) pg/L 8.4U 19U 20U 16 U
Total tetrachlorodibenzofuran (TCDF) pg/L 2.8 U 11J 6.5 U 6.6 U
Total tetrachlorodibenzo-p-dioxin (TCDD) pg/L 4.4 J 12U 12U 12U
TCLP-Glycol
2-Ethoxyethanol mg/L 25U 25U 25U 25U
Ethylene glycol mg/L 19U 19U 19U 19U
Ethylene glycol monomethyl ether (2-methyoxyethanol) mg/L 24U 24U 24U 24U
TCLP-Herbicides
2,4,5-TP (Silvex) mg/L 0.0030 U 0.0030 U 0.0030 U 0.0030 U
2,4-Dichlorophenoxyacetic acid (2,4-D) mg/L 0.020 U 0.020 U 0.020 U 0.020 U
Dinoseb mg/L 0.038 U 0.038 U 0.038 U 0.038 U
TCLP-Metals
Arsenic mg/L 0.041 U 0.041 U 0.041 U 0.041 U
Barium mg/L 1.1J 0.53J 0.44J 0.48J
Cadmium mg/L 0.0028 U 0.0028 U 0.0028 U 0.0028 U
Chromium mg/L 0.0078 U 0.0078 U 0.011J 0.0078 U
Lead mg/L 0.029 U 0.029 U 0.029 U 0.029 U
Mercury mg/L 0.00010 U 0.00010 U 0.00010 U 0.00010 U
Selenium mg/L 0.036 U 0.036 U 0.036 U 0.036 U
Silver mg/L 0.0085 U 0.0085 U 0.0085 U 0.0085 U

GHD 11215702



Table 2

Second Phase Pre-Design Investigation Composite Sample Results
San Jacinto River Waste Pits Site
Harris County, Texas

Page 2 of 3

Area: Initial Sample - Southwest Composite Sample 2 - Northwest Composite Sample 3 - Northeast Composite Sample 4 - Southeast
Sample Location: Initial Area 2 Area 3 Area 4
Sample Identification:| Units 11187072-NORTH-IMPCT-INITIALS 11187072-N.TREATMENT AREA #2 11187072-N.TREATMENT AREA #3 11187072-N.TREATMENT AREA #4
Sample Date: 10/15/2019 12/18/2019 12/18/2019 12/18/2019
Report Sample Delivery Group (SDG): 180-97287-1, 180-97287-2 180-100205-1 180-100205-1 180-100205-1
Misc
Methomyl ug/L 0.12U 0.13U 0.12U 0.13U
TCLP-PCBs
Aroclor-1016 (PCB-1016) mg/L 0.00018 U 0.00019 U 0.00019 U 0.00019 U
Aroclor-1221 (PCB-1221) mg/L 0.00022 U 0.00022 U 0.00023 U 0.00023 U
Aroclor-1232 (PCB-1232) mg/L 0.00020 U 0.00020 U 0.00021 U 0.00021 U
Aroclor-1242 (PCB-1242) mg/L 0.00035 U 0.00036 U 0.00036 U 0.00036 U
Aroclor-1248 (PCB-1248) mg/L 0.00012 U 0.00012 U 0.00012 U 0.00012 U
Aroclor-1254 (PCB-1254) mg/L 0.00037 U 0.00037 U 0.00038 U 0.00038 U
Aroclor-1260 (PCB-1260) mg/L 0.00015 U 0.00015 U 0.00016 U 0.00016 U
TCLP-Pesticides
4,4'-DDD mg/L 0.00021 U 0.00021 U 0.00021 U 0.00021 U
4,4'-DDE mg/L 0.00012 U 0.00012 U 0.00012 U 0.00012 U
4,4'-DDT mg/L 0.00012 U 0.00012 U 0.00012 U 0.00012 U
alpha-Chlordane mg/L -- 0.00015 U 0.00015 U 0.00015 U
Chlordane mg/L 0.0029 U 0.0029 U 0.0029 U 0.0029 U
Dieldrin mg/L 0.00011 U 0.00011 U 0.00011 U 0.00011 U
Endosulfan | mg/L 0.00027 U 0.00027 U 0.00027 U 0.00027 U
Endosulfan Il mg/L 0.00013 U 0.00013 U 0.00013 U 0.00013 U
Endosulfan sulfate mg/L 0.00026 U 0.00026 U 0.00026 U 0.00026 U
Endrin mg/L 0.000091 U 0.000091 U 0.000091 U 0.000091 U
gamma-BHC (lindane) mg/L 0.00012 U 0.00012 U 0.00012 U 0.00012 U
gamma-Chlordane mg/L -- 0.00016 U 0.00016 U 0.00016 U
Heptachlor mg/L 0.00018 U 0.00018 U 0.00018 U 0.00018 U
Heptachlor epoxide mg/L 0.00014 U 0.00014 U 0.00014 U 0.00014 U
Methoxychlor mg/L 0.00031 U 0.00031 U 0.00031 U 0.00031 U
Mirex mg/L 0.000084 U 0.000084 U 0.000084 U 0.000084 U
Toxaphene mg/L 0.020 U 0.020 U 0.020 U 0.020 U
TCLP-Semi-Volatile Organic Compounds (SVOCs)
1,4-Dichlorobenzene mg/L 0.0045 U 0.0045 U 0.0045 U 0.0045 U
2,4,5-Trichlorophenol mg/L 0.0079 U 0.0079 U 0.0079 U 0.0079 U
2,4,6-Trichlorophenol mg/L 0.0095 U 0.0095 U 0.0095 U 0.0095 U
2,4-Dinitrotoluene mg/L 0.0079 U 0.0079 U 0.0079 U 0.0079 U
2-Methylphenol mg/L 0.0040 U 0.0040 U 0.0040 U 0.0040 U
3&4-Methylphenol mg/L 0.0079 U 0.0079 U 0.0079 U 0.0079 U
Hexachlorobenzene mg/L 0.0055 U 0.0055 U 0.0055 U 0.0055 U
Hexachlorobutadiene mg/L 0.0084 U 0.0084 U 0.0084 U 0.0084 U
Hexachloroethane mg/L 0.0040 U 0.0040 U 0.0040 U 0.0040 U
Nitrobenzene mg/L 0.012U 0.012U 0.012U 0.012U
Pentachlorophenol mg/L 0.0075 U 0.0075 U 0.0075 U 0.0075 U
Pyridine mg/L 0.0082 U 0.0082 U 0.0082 U 0.0082 U
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Table 2 Page 3 of 3

Second Phase Pre-Design Investigation Composite Sample Results
San Jacinto River Waste Pits Site

Harris County, Texas

Area: Initial Sample - Southwest Composite Sample 2 - Northwest Composite Sample 3 - Northeast Composite Sample 4 - Southeast
Sample Location: Initial Area 2 Area 3 Area 4
Sample Identification:| Units 11187072-NORTH-IMPCT-INITIALS 11187072-N.TREATMENT AREA #2 11187072-N.TREATMENT AREA #3 11187072-N.TREATMENT AREA #4
Sample Date: 10/15/2019 12/18/2019 12/18/2019 12/18/2019
Report Sample Delivery Group (SDG): 180-97287-1, 180-97287-2 180-100205-1 180-100205-1 180-100205-1
TCLP-Volatile Organic Compounds (VOCs)

1,1,1,2-Tetrachloroethane mg/L 0.16 U 0.16 U 0.16 U 0.16 U
1,1,1-Trichloroethane mg/L 0.10U 0.10U 0.10U 0.10U
1,1,2,2-Tetrachloroethane mg/L 0.12U 0.12U 0.12U 0.12U
1,1,2-Trichloroethane mg/L 0.096 U 0.096 U 0.096 U 0.096 U
1,1-Dichloroethene mg/L 0.11U 0.11U 0.11U 011U
1,2,3-Trichloropropane mg/L 011U 011U 011U 011U
1,2-Dibromoethane (Ethylene dibromide) mg/L 0.11U 011U 0.11U 0.11U
1,2-Dichloroethane mg/L 0.058 U 0.058 U 0.058 U 0.058 U
1,3-Dichloropropene mg/L 0.13U 0.13U 013U 0.13U
1,4-Dichlorobenzene mg/L 0.041 U 0.041 U 0.041 U 0.041 U
2-Butanone (Methyl ethyl ketone) (MEK) mg/L 0.12U 0.12 U 0.12 U 0.12U
4-Methyl-2-pentanone (Methyl isobutyl ketone) (MIBK) mg/L 0.074 U 0.074 U 0.074 U 0.074 U
Acetone mg/L 0.13U 0.13U 0.13U 0.13U
Acetonitrile mg/L 20U 2.0U 20U 20U
Acrylonitrile mg/L 1.3U 1.3U 1.3U 1.3U
Benzene mg/L 0.079 U 0.079 U 0.079 U 0.079 U
Bromodichloromethane mg/L 0.094 U 0.094 U 0.094 U 0.094 U
Bromoform mg/L 0.10U 0.10U 0.10U 0.10U
Bromomethane (Methyl bromide) mg/L 0.18 U 0.18 U 0.18 U 0.18U
Carbon disulfide mg/L 0.12U 0.12U 0.12U 0.12U
Carbon tetrachloride mg/L 0.13 U 0.13 U 0.13 U 0.13 U
Chlorobenzene mg/L 0.063 U 0.063 U 0.063 U 0.063 U
Chloroform (Trichloromethane) mg/L 0.085U 0.085 U 0.085U 0.085U
Dichlorodifluoromethane (CFC-12) mg/L 0.12U 0.12U 0.12U 0.12U
Ethylbenzene mg/L 0.086 U 0.086 U 0.086 U 0.086 U
Hexachlorobutadiene mg/L 0.073 U 0.073 U 0.073 U 0.073 U
Isobutanol (isobutyl alcohol) mg/L 3.6 U 3.6 U 3.6U 3.6U
Methyl acrylonitrile mg/L 1.6 U 1.6U 1.6U 1.6 U
Methylene chloride mg/L 0.15U 0.15U 0.15U 0.15U
Styrene mg/L 0.053 U 0.053 U 0.053 U 0.053 U
Tetrachloroethene mg/L 0.080 U 0.080 U 0.080 U 0.080 U
Toluene mg/L 0.067 U 0.067 U 0.067 U 0.067 U
trans-1,3-Dichloropropene mg/L 0.069 U 0.069 U 0.069 U 0.069 U
Trichloroethene mg/L 0.060 U 0.060 U 0.060 U 0.060 U
Trichlorofluoromethane (CFC-11) mg/L 0.058 U 0.058 U 0.058 U 0.058 U
Vinyl chloride mg/L 0.15U 0.15U 0.15U 0.15U
Xylenes (total) mg/L 0.17U 017U 0.17U 0.17U

Notes:
TCLP - Toxicity Characteristic Leaching Procedure
mg/L - milligrams per Liter
ug/L - microgram per Liter
mg/kg - milligram per kilogram
Deg F - Degrees in Fahrenheit
s.u. - standard unit
U - Not detected at the associated reporting limit.
J - Estimated concentration.
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION 6
1201 ELM STREET, SUITE 500
DALLAS, TEXAS 75270
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November 19, 2020

Charles W. Munce, P.E.

GHD Services Inc.

5551 Corporate Boulevard, Suite 200
Baton Rouge, Louisiana 70808

RE:  San Jacinto River Waste Pits Superfund Site - Northern Impoundment
Waste Characterization Evaluation
EPA Region 6, CERCLA Docket No. 06-02-18 for Remedial Design

Dear Mr. Munce,

In response to a request from EPA, GHD submitted a waste characterization evaluation for the
Northern Impoundment to EPA on October 20, 2020. The purpose of the evaluation was to
describe how pulp and paper mill waste (Waste), proposed to be excavated as part of the
Northern Impoundment remedial action (RA), has been characterized and classified in
accordance with the Resource Conservation and Recovery Act (RCRA) regulations.

The following are EPA’s findings based on the Agency’s review of the October 20, 2020 waste
characterization evaluation.

When dealing with hazardous waste characterization of remediation waste, it is vital to
understand the initial source of the waste and the timeframe when the waste was initially applied
to the ground. As outlined in the site history and in Sections 1 and 2 of the October 20, 2020
evaluation, the waste was initially generated in the mid-1960’s and consisted solely of
wastewater treatment sludge. In addition to this sludge containing cellulose wood pulp and clay
binders, it contained various dioxins and furans which were formed as a by-product of the
manufacturing process.

Based upon information provided in the October 20, 2020 evaluation, EPA agrees with GHD’s
determination that the initially generated waste would not be a listed hazardous waste meeting
the current definitions for an F, K, P or U listed waste. Following the listed waste portion of the
evaluation, EPA reviewed the description of the sampling and associated analytical test

results. From review of the analytical testing results, the samples are all non-

hazardous. Additional hazardous waste characterization may be warranted prior to final

disposal. When performing this additional evaluation, the facility should follow the guidelines of
SW846 chapter 9 with additional guidance being found in RCRA Waste Sampling Draft
Technical Guidance.



Please contact me if you have any questions regarding the findings or wish to set up a call to
discuss them. You may reach me at 214-665-6749.

Sincerely,

Digitally signed by GARY BAUMGARTEN
G A RY DN: c=US, 0=U.S. Government,
ou=Environmental Protection Agency,
n=GARY BAUMGARTEN,

BAUMGARTEN g2z s
Gary A. Baumgarten
Project Manager

Encl.: Attachment 1 - SW846 Chapter 9
Attachment 2 - RCRA Waste Sampling Draft Technical Guidance

cc: Phil Slowiak, IPC
Brent Sasser, IPC
Judy Armour, MIMC
Katie Delbecq, Texas Commission on Environmental Quality
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CHAPTER NINE

SAMPLING PLAN

9.1 DESIGN AND DEVELOPMENT

The initial -- and perhaps most critical -- element in a program designed
to evaluate the physical and chemical properties of a solid waste is the plan
for sampling the waste. It is understandable that analytical studies, with
their sophisticated instrumentation and high cost, are often perceived as the
dominant element in a waste characterization program. Yet, despite that
sophistication and high cost, analytical data generated by a scientifically
defective sampling plan have limited utility, particularly in the case of
regulatory proceedings.

This section of the manual addresses the development and implementation
of a scientifically credible sampling plan for a solid waste and the
documentation of the chain of custody for such a plan. The information
presented in this section is relevant to the sampling of any solid waste, which
has been defined by the EPA in its regulations for the identification and
listing of hazardous wastes to include solid, semisolid, liquid, and contained
gaseous materials. However, the physical and chemical diversity of those
materials, as well as the dissimilarity of storage facilities (lagoons, open
piles, tanks, drums, etc.) and sampling equipment associated with them,
preclude a detailed consideration of any specific sampling plan. Consequently,
because the burden of responsibility for developing a technically sound
sampling plan rests with the waste producer, it is advisable that he/she seek
competent advice before designing a plan. This is particularly true in the
early developmental stages of a sampling plan, at which time at least a basic
understanding of applied statistics is required. Applied statistics is the
science of employing techniques that allow the uncertainty of inductive
inferences (general conclusions based on partial knowledge) to be evaluated.

9.1.1 Development of Appropriate Sampling Plans

An appropriate sampling plan for a solid waste must be responsive to both
regulatory and scientific objectives. O0Once those objectives have been clearly
identified, a suitable sampling strategy, predicated upon fundamental
statistical concepts, can be developed. The statistical terminology associated
with those concepts is reviewed in Table 9-1; Student's "t" values for use in
the statistics of Table 9-1 appear in Table 9-2.

9.1.1.1 Requlatory and Scientific Objectives

The EPA, in its hazardous waste management system, has required that
certain solid wastes be analyzed for physical and chemical properties. It is
mostly chemical properties that are of concern, and, in the case of a number
of chemical contaminants, the EPA has promulgated Tlevels (regulatory
thresholds) that cannot be equaled or exceeded. The regulations pertaining to
the management of hazardous wastes contain three references regarding the
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TABLE 9-1. BASIC STATISTICAL TERMINOLOGY APPLICABLE TO SAMPLING PLANS FOR SOLID WASTES

Terminology Symbol Mathematical Equation (Equation)
. Variable (e.g., barium X —

or endrin)

Individual measurement X; —

of variable

N

. Mean of possible y z X

measurements of variable “ = =1 with N = number of (1)

(population mean)
. Mean of measurements

generated by sample
(sample mean)

Variance of sample

possible measurements

X Simple random sampling and
systematic random sampling

n
Z X
% =171 with n = number of (2a)
n sample measurements

Stratified random sampling

with X, = stratum (2b)

r mean and W, = frac-
— tion of population

x =3 W, x, represented by Stratum
k=1 » k (number of strata

[k] range from 1 to r)

s? Simple random sampling and
systemaic random sampling

n n
Z x,'z - (z x'_)2/n (33)
2 7=1 7=1
n -1

Stratified random sampling

with s = stratum (3b)
variance and W_ =
fraction of population

2 r o represent by Stratum k
s = T Wy Sg (number of strata [k]
k-1 , ranges from 1l to r)
CD-ROM NINE - 2 Revision 0
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TABLE 9-1. (continued)

Terminology Symbol Mathematical Equation (Equation)
. Standard deviation of S s = Vsz (4)
sample
. Standard error Sz Sy = S (5)
(also standard error J;'
of mean and standard
deviation of mean)
of sample
« Confidence interval - :;t:iﬁgg from 1%
for u° Table 2 for
o appropriate
CI =xxt,, s., degrees of freedom
« Regulatory threshold?® RT Defined by EPA (e.g., 100 ppm for (7)
barium in elutriate of EP toxicity)
. Appropriate number of
samples to collect from n g 5 with A = RT - X (8)
a solid waste (financial r.= o
constraints not considered)
Degrees of freedom df df =n -1 (9)
Square root transformation --- X; + % (10)
. Arcsin transformation == Arcsin p; if necessary, refer to any (11)

text on basic statistics;
measurements must be con-
verted to percentages (p)

®The upper 1imit of the CI for p is compared with the applicable regulatory threshold

(RT) to determine

concern at a hazardous level.

if a solid waste contains the variable (chemical
The contaminant of concern

contaminant) of
is not considered to be

present in the waste at a hazardous Tevel if the upper limit of the CI is less than the

applicable RT.
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TABLE 9-2. TABULATED VALUES OF STUDENT'S "t"™ FOR EVALUATING
SOLID WASTES

Degrees of Tabulated

freedom (n-1)@ "t" Value®
1 3.078
2 1.886
3 1.638
4 1.533
5 1.476
6 1.440
7 1.415
8 1.397
9 1.393
10 1.372
11 1.363
12 1.356
13 1.350
14 1.345
15 1.341
16 1.337
17 1.333
18 1.330
19 1.328
20 1.325
21 1.323
22 1.321
23 1.319
24 1.318
25 1.316
26 1.315
27 1.314
28 1.313
29 1.311
30 1.310
40 1.303
60 1.296
120 1.289
1.282

® Degrees of freedom (df) are equal to the number of samples (n) collected from a

solid waste less on
> Tabulated "t"

e.

values are for a two-tailed confidence interval

and a probability

of 0.20 (the same values are applicable to a one-tailed confidence interval and

probability of 0.10
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sampling of solid wastes for analytical properties. The first reference, which
occurs throughout the regulations, requires that representative samples of
waste be collected and defines representative samples as exhibiting average
properties of the whole waste. The second reference, which pertains just to
petitions to exclude wastes from being listed as hazardous wastes, specifies
that enough samples (but in no case less than four samples) be collected over
a period of time sufficient to represent the variability of the wastes. The
third reference, which applies only to ground water monitoring systems,
mandates that four replicates (subsamples) be taken from each ground water
sample intended for chemical analysis and that the mean concentration and
variance for each chemical constituent be calculated from those four subsamples
and compared with background levels for ground water. FEven the statistical
test to be employed in that comparison is specified (Student's t-test).

The first of the above-described references addresses the issue of
sampling accuracy, and the second and third references focus on sampling
variability or, conversely, sampling precision (actually the third reference
relates to analytical variability, which, in many statistical tests, is
indistinguishable from true sampling variability). Sampling accuracy (the
closeness of a sample value to its true value) and sampling precision (the
closeness of repeated sample values) are also the issues of overriding
importance in any scientific assessment of sampling practices. Thus, from both
regulatory and scientific perspectives, the primary objectives of a sampling
plan for a solid waste are twofold: namely, to collect samples that will allow
measurements of the chemical properties of the waste that are both accurate and
precise. If the chemical measurements are sufficiently accurate and precise,
they will be considered reliable estimates of the chemical properties of the
waste.

[t is now apparent that a judgment must be made as to the degree of
sampling accuracy and precision that is required to estimate reliably the
chemical characteristics of a solid waste for the purpose of comparing those
characteristics with applicable regulatory thresholds. Generally, high
accuracy and high precision are required if one or more chemical contaminants
of a solid waste are present at a concentration that is close to the applicable
regulatory threshold. Alternatively, relatively low accuracy and low precision
can be tolerated if the contaminants of concern occur at levels far below or
far above their applicable thresholds. However, a word of caution is in order.
Low sampling precision is often associated with considerable savings in
analytical, as well as sampling, costs and is clearly recognizable even in the
simplest of statistical tests. On the other hand, low sampling accuracy may
not entail cost savings and is always obscured in statistical tests (i.e., it
cannot be evaluated). Therefore, although it is desirable to design sampling
plans for solid wastes to achieve only the minimally required precision (at
least two samples of a material are required for any estimate of precision),
it is prudent to design the plans to attain the greatest possible accuracy.
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The roles that inaccurate and imprecise sampling can play in causing a
solid waste to be inappropriately judged hazardous are illustrated in Figure
9-1. When evaluating Figure 9-1, several points are worthy of consideration.

Although a sampling plan for a solid waste generates a mean concentration (x)
and standard deviation (s, a measure of the extent to which individual sample

concentrations are dispersed around X) for each chemical contaminant of
concern, it is not the variation of individual sample concentrations that is

of ultimate concern, but rather the variation that characterizes X itself.
That measure of dispersion is termed the standard deviation of the mean (also,

the standard error of the mean or standard error) and is designated as s;.

Those two sample values, X and S, , are used to estimate the interval (range)
within which the true mean (y) of the chemical concentration probably occurs,
under the assumption that the individual concentrations exhibit a normal (bell-
shaped) distribution. For the purposes of evaluating solid wastes, the
probability Tevel (confidence interval) of 80% has been selected. That is, for
each chemical contaminant of concern, a confidence interval (CI) is described
within which p occurs if the sample is representative, which is expected of
about 80 out of 100 samples. The upper 1imit of the 80% CI is then compared
with the appropriate regulatory threshold. If the upper 1imit is less than the
threshold, the chemical contaminant is not considered to be present in the
waste at a hazardous level; otherwise, the opposite conclusion is drawn. One
last point merits explanation. £Even if the upper Timit of an estimated 80% CI
is only slightly Tess than the regulatory threshold (the worst case of chemical
contamination that would be judged acceptable), there is only a 10% (not 20%)
chance that the threshold is equaled or exceeded. That is because values of
a normally distributed contaminant that are outside the Timits of an 80% CI are
equally distributed between the left (lower) and right (upper) tails of the
normal curve. Consequently, the CI employed to evaluate solid wastes is, for
all practical purposes, a 90% interval.

9.1.1.2 Fundamental Statistical Concepts

The concepts of sampling accuracy and precision have already been

introduced, along with some measurements of central tendency (X) and
dispersion (standard deviation [s] and s;) for concentrations of a chemical
contaminant of a solid waste. The wutility of X and s; in estimating a
confidence interval that probably contains the true mean (p) concentration of
a contaminant has also been described. However, it was noted that the validity
of that westimate s predicated wupon the assumption that individual
concentrations of the contaminant exhibit a normal distribution.

Statistical techniques for obtaining accurate and precise samples are
relatively simple and easy to implement. Sampling accuracy is usually achieved
by some form of random sampling. In random sampling, every unit in the
population (e.g., every location in a lagoon used to store a solid waste) has
a theoretically equal chance of being sampled and measured. Consequently,
statistics generated by the sample (e.g., X and, to a lesser degree, S; ) are
unbiased (accurate) estimators of true population parameters (e.g., the CI
for py). In other words, the sample is representative of the population. One
of the commonest methods of selecting a random sample is to divide the
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ACCURATE AND PRECISE SAMPLE ACCURATE AND IMPRECISE SAMPLE
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Figure 9-1. - Important theoretical relationships between sampling
accuracy and precision and regulatory objectives for a chemical contaminant
of a solid waste that occurs at a concentration marginally less than its
regulatory threshold. In this example, barium is the chemical contaminant.
The true mean concentration of barium in the elutriate of the EP toxicity
test is 85 ppm, as compared to a regulatory threshold of 100 ppm. The
upper limit of the confidence interval for the true mean concentration,
which is estimated from the sample mean and standard error, must be less
than the regulatory threshold if barium is judged to be present in the
waste at a nonhazardous Tevel.
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population by an imaginary grid, assign a series of consecutive numbers to the
units of the grid, and select the numbers (units) to be sampled through the use
of a random-numbers table (such a table can be found in any text on basic
statistics). It is important to emphasize that a haphazardly selected sample)
is not a suitable substitute for a randomly selected sample. That is because
there is no assurance that a person performing undisciplined sampling will not
consciously or subconsciously favor the selection of certain units of the
population, thus causing the sample to be unrepresentative of the population.

Sampling precision is most commonly achieved by taking an appropriate
number of samples from the population. As can be observed from the equation
for calculating S; precision increases ( S; and the CI for p decrease) as the
number of samples (n) increases, although not in a 1:1 ratio. For example, a
100% increase in the number of samples from two to four causes the CI to
decrease by approximately 62% (about 31% of that decrease is associated with
the critical upper tail of the normal curve). However, another 100% increase
in sampling effort from four to eight samples results in only an additional 39%
decrease in the CI. Another technigue for increasing sampling precision is to
maximize the physical size (weight or volume) of the samples that are
collected. That has the effect of minimizing between-sample variation and,
consequently, decreasing s,. Increasing the number or size of samples taken
from a population, in addition to increasing sampling precision, has the
secondary effect of increasing sampling accuracy.

In summary, reliable information concerning the chemical properties of a
solid waste is needed for the purpose of comparing those properties with
applicable regulatory thresholds. If chemical information is to be considered
reliable, it must be accurate and sufficiently precise. Accuracy is usually
achieved by incorporating some form of randomness into the selection process
for the samples that generate the chemical information. Sufficient precision
is most often obtained by selecting an appropriate number of samples.

There are a few ramifications of the above-described concepts that merit
elaboration. I[f, for example, as 1in the case of semiconductor etching
solutions, each batch of a waste is completely homogeneous with regard to the
chemical properties of concern and that chemical homogeneity 1is constant
(uniform) over time (from batch to batch), a single sample collected from the
waste at an arbitrary Tlocation and time would theoretically generate an
accurate and precise estimate of the chemical properties. However, most wastes
are heterogeneous in terms of their chemical properties. If a batch of waste
is randomly heterogeneous with regard to its chemical characteristics and that
random chemical heterogeneity remains constant from batch to batch, accuracy
and appropriate precision can usually be achieved by simple random sampling.
In that type of sampling, all units 1in the population (essentially all
locations or points in all batches of waste from which a sample could be
collected) are identified, and a suitable number of samples 1is randomly
selected from the population. More complex stratified random sampling is
appropriate if a batch of waste is known to be nonrandomly heterogeneous in
terms of its chemical properties and/or nonrandom chemical heterogeneity is
known to exist from batch to batch. In such cases, the population is
stratified to isolate the known sources of nonrandom chemical heterogeneity.
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After stratification, which may occur over space (locations or points in a
patch of waste) and/or time (each batch of waste), the units in each stratum
are numerically identified, and a simple random sample is taken from each
stratum. As previously intimated, both simple and stratified random sampling
generate accurate estimates of the chemical properties of a solid waste. The
advantage of stratified random sampling over simple random sampling is that,
for a given number of samples and a given sample size, the former technique
often results in a more precise estimate of chemical properties of a waste (a
lower value of s;) than the Tatter technique. However, greater precision is
likely to be realized only if a waste exhibits substantial nonrandom chemical
heterogeneity and stratification efficiently "divides" the waste into strata
that exhibit maximum between-strata variability and minimum within-strata
variability. If that does not occur, stratified random sampling can produce
results that are less precise than in the case of simple random sampling.
Therefore, it is reasonable to select stratified random sampling over simple
random sampling only if the distribution of chemical contaminants in a waste
is sufficiently known to allow an intelligent identification of strata and at
least two or three samples can be collected in each stratum. If a strategy
employing stratified random sampling is selected, a decision must be made
regarding the allocation of sampling effort among strata. When chemical
variation within each stratum can be estimated with a great degree of detail,
samples should be optimally allocated among strata, i.e., the number of samples
collected from each stratum should be directly proportional to the chemical
variation encountered in the stratum. When detailed information concerning
chemical variability within strata 1is not available, samples should be
proportionally allocated among strata, i.e., sampling effort in each stratum
should be directly proportional to the size of the stratum.

Simple random sampling and stratified random sampling are types of

probability sampling. Which, because of a reliance upon mathematical and
statistical theories, allows an evaluation of the effectiveness of sampling
procedures. Another type of probability sampling 1is systematic random

sampling, in which the first unit to be collected from a population is randomly
selected, but all subsequent units are taken at fixed space or time intervals.
An example of systematic random sampling is the sampling of a waste lagoon
along a transect in which the first sampling point on the transect is 1 m from
a randomly selected location on the shore and subsequent sampling points are
located at 2-m intervals along the transect. The advantages of systematic
random sampling over simple random sampling and stratified random sampling are
the ease with which samples are identified and collected (the selection of the
first sampling unit determines the remainder of the units) and, sometimes, an
increase 1in precision. In certain cases, for example, systematic random
sampling might be expected to be a Tittle more precise than stratified random
sampling with one unit per stratum because samples are distributed more evenly
over the population. As will be demonstrated shortly, disadvantages of
systematic random sampling are the poor accuracy and precision that can occur
when unrecognized trends or cycles occur in the population. For those reasons,
systematic random sampling is recommended only when a population is essentially
random or contains at most a modest stratification. In such cases, systematic
random sampling would be employed for the sake of convenience, with Tittle
expectation of an increase in precision over other random sampling techniques.
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Probability sampling is contrasted with authoritative sampling, in which
an individual who is well acquainted with the solid waste to be sampled selects
a sample without regard to randomization. The validity of data gathered in
that manner is totally dependent on the knowledge of the sampler and although
valid data can sometimes be obtained, authoritative sampling is not recommended
for the chemical characterization of most wastes.

It may now be useful to offer a generalization regarding the four sampling
strategies that have been identified for solid wastes. If Tittle or no
information is available concerning the distribution of chemical contaminants
of a waste, simple random sampling is the most appropriate sampling strategy.
As more information is accumulated for the contaminants of concern, greater
consideration can be given (in order of the additional information required)
to stratified random sampling, systematic random sampling, and, perhaps,
authoritative sampling.

The validity of a CI for the true mean (p) concentration of a chemical
contaminant of a solid waste is, as previously noted, based on the assumption
that individual concentrations of the contaminant exhibit a normal
distribution. This is true regardless of the strategy that is employed to
sample the waste. Although there are computational procedures for evaluating
the correctness of the assumption of normality, those procedures are meaningful
only if a large number of samples are collected from a waste. Because sampling
plans for most solid wastes entail just a few samples, one can do Tittle more
than superficially examine resulting data for obvious departures from normality
(this can be done by simple graphical methods), keeping in mind that even if
individual measurements of a chemical contaminant of a waste exhibit a
considerably abnormal distribution, such abnormality is not likely to be the
case for sample means, which are our primary concern. One can also compare the

mean of the sample (X) with the variance of the sample (s?). In a normally
distributed population, X would be expected to be greater than s? (assuming
that the number of samples [n] is reasonably large). If that is not the case,
the <chemical contaminant of concern may be characterized by a Poison

distribution (X 1is approximately equal to s?) or a negative binomial

distribution (x is less than s?). In the former circumstance, normality can
often be achieved by transforming data according to the square root
transformation. In the latter circumstance, normality may be realized through
use of the arcsine transformation. If either transformation is required, all
subsequent statistical evaluations must be performed on the transformed scale.

Finally, it is necessary to address the appropriate number of samples to
pbe employed in the chemical characterization of a solid waste. As has already
been emphasized, the appropriate number of samples is the least number of
samples required to generate a sufficiently precise estimate of the true mean
(u) concentration of a chemical contaminant of a waste. From the perspective
of most waste producers, that means the minimal number of samples needed to
demonstrate that the upper 1imit of the CI for p is less than the applicable
regulatory threshold (RT). The formula for estimating appropriate sampling
effort (Table 9-1, Equation 8) indicates that increased sampling effort is
generally justified as s? or the "t ,," value (probable error rate) increases
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and as A(RT - %) decreases. In a well-designed sampling plan for a solid
waste, an effort is made to estimate the values of X and s? before sampling is
initiated. Such preliminary estimates, which may be derived from information
pertaining to similar wastes, process engineering data, or limited analytical
studies, are used to identify the approximate number of samples that must be
collected from the waste. It is always prudent to collect a somewhat greater
number of samples than indicated by preliminary estimates of X and s® since
poor preliminary estimates of those statistics can result in an underestimate
of the appropriate number of samples to collect. It is usually possible to
process and store the extra samples appropriately until analysis of the
initially identified samples is completed and it can be determined if analysis
of the additional samples is warranted.

9.1.1.3 Basic Sampling Strategies

It is now appropriate to present general procedures for implementing the
three previously introduced sampling strategies (simple random sampling,
stratified random sampling, and systematic random sampling) and a hypothetical
example of each sampling strategy. The hypothetical examples illustrate the
statistical calculations that must be performed in most situations likely to
be encountered by a waste producer and, also, provide some insight into the
efficiency of the three sampling strategies in meeting regulatory objectives.

The following hypothetical conditions are assumed to exist for all three
sampling strategies. First, barium, which has an RT of 100 ppm as measured in
the EP elutriate test, is the only chemical contaminant of concern. Second,
parium is discharged in particulate form to a waste lagoon and accumulates in
the Tagoon in the form of a sludge, which has built up to approximately the
same thickness throughout the Tlagoon. Third, concentrations of barium are
relatively homogeneous along the vertical gradient (from the water-sludge
interface to the sludge-lagoon interface), suggesting a highly controlled
manufacturing process (little between-batch variation in barium concen-
trations). Fourth, the physical size of sludge samples collected from the
lagoon is as large as practical, and barium concentrations derived from those
samples are normally distributed (note that we do not refer to barium levels
in the samples of sludge because barium measurements are actually made on the
elutriate from EP toxicity tests performed with the samples). Last, a
preliminary study of barium levels in the elutriate of four EP toxicity tests
conducted with sludge collected from the lagoon several years ago identified
values of 86 and 90 ppm for material collected near the outfall (in the upper
third) of the Tagoon and values of 98 and 104 ppm for material obtained from
the far end (the lTower two-thirds) of the lagoon.

For all sampling strategies, it is important to remember that barium will
be determined to be present in the sludge at a hazardous level if the upper
1imit of the CI for p is equal to or greater than the RT of 100 ppm (Table 9-1,
Equations 6 and 7).
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9.1.1.3.1 Simple Random Sampling

Simple random sampling (Box 1) is performed by general procedures in which

preliminary estimates of X and s, as well as a knowledge of the RT, for each
chemical contaminant of a solid waste that is of concern are employed to
estimate the appropriate number of samples (n) to be collected from the waste.
That number of samples is subsequently analyzed for each chemical contaminant
of concern. The resulting analytical data are then used to conclude
definitively that each contaminant is or is not present in the waste at a
hazardous concentration or, alternatively, to suggest a reiterative process,
involving increased sampling effort, through which the presence or absence of
hazard can be definitively determined.

In the hypothetical example for simple random sampling (Box 1),

preliminary estimates of X and s? indicated a sampling effort consisting of six
samples. That number of samples was collected and initially analyzed
generating analytical data somewhat different from the preliminary data (s® was
substantially greater than was preliminarily estimated). Consequently, the
upper 1imit of the CI was unexpectedly greater than the applicable RT,
resulting in a tentative conclusion of hazard. However, a reestimation of
appropriate sampling effort, based on statistics derived from the six samples,
suggested that such a conclusion might be reversed through the collection and
analysis of just one more sample. Fortunately, a resampling effort was not
required because of the foresight of the waste producer in obtaining three
extra samples during the initial sampling effort, which, because of their
influence in decreasing the final values of X, S;, t,,, and, consequently, the
upper limit of the CI -- values obtained from all nine samples -- resulted in
a definitive conclusion of nonhazard.

9.1.1.3.2 Stratified Random Sampling

Stratified random sampling (Box 2) is conducted by general procedures that
are similar to the procedures described for simple random sampling. The only

difference is that, in stratified random sampling, values of X and s? are
calculated for each stratum in the population and then integrated into overall
estimates of those statistics, the standard deviation (s), sg, and the
appropriate number of samples (n) for all strata.

The hypothetical example for stratified random sampling (Box 2) is based
on the same nine sludge samples previously identified in the example of simple
random sampling (Box 1) so that the relative efficiencies of the two sampling
strategies can be fully compared. The efficiency generated through the process
of stratification is first evident in the preliminary estimate of n (Step 2 in
Boxes 1 and 2), which is six for simple random sampling and four for stratified
random sampling. (The Tesser value for stratified sampling is the consequence
of a dramatic decrease in s’ which more than compensated for a modest increase
in A.) The most relevant indication of sampling efficiency is the value of S;,
which is directly employed to calculate the CI. In the case of simple random
sampling, S, is calculated as 2.58 (Step 9 in Box 1), and, for stratified
random sampling, S, 1is determined to be 2.35 (Steps 5 and 7 in Box 2).
Consequently, the gain 1in efficiency attributable to stratification 1is
approximately 9% (0.23/2.58).
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BOX 1. STRATEGY FOR DETERMINING IF CHEMICAL CONTAMINANTS OF SOLID WASTES
ARE PRESENT AT HAZARDOUS LEVELS - SIMPLE RANDOM SAMPLING

Step General Procedures

1. Obtain preliminary estimates of X and s’ for each chemical contaminant of
a solid waste that is of concern. The two above-identified statistics are
calculated by, respectively, Equations 2a and 3a (Table 9-1).

2. Estimate the appropriate number of samples (n;) to be collected from the
waste through use of Equation 8 (Table 9-1) and Table 9-2. Derive
individual values of n, for each chemical contaminant of concern. The
appropriate number of samples to be taken from the waste is the greatest
of the individual n, values.

3. Randomly collect at least n, (orn, - n,;, n, - n ,, etc., as will be
indicated Tater in this box) samples from the waste (collection of a few
extra samples will provide protection against poor preliminary estimates
of X and s?). Maximize the physical size (weight or volume) of all
samples that are collected.

4. Analyze the n, (orn, - n;, n 5 - n , etc.) samples for each chemical
contaminant of concern. Superficially (graphically) examine each set of
analytical data for obvious departures from normality.

5. Calculate X, s?% the standard deviation (s), and s, for each set of
analytical data by, respectively, Equations 2a, 3a, 4, and 5 (Table 9-1).

6. If x for a chemical contaminant is equal to or greater than the applicable
RT (Equation 7, Table 9-1) and is believed to be an accurate estimator of
g, the contaminant is considered to be present in the waste at a hazardous
concentration, and the study is completed. Otherwise, continue the study.
In the case of a set of analytical data that does not exhibit obvious
abnormality and for which X is greater than s?, perform the following
calculations with nontransformed data. Otherwise, consider transforming

the data by the square root transformation (if X is about equal to s?) or

the arcsine transformation (if X is less than s %) and performing all
subsequent calculations with transformed data. Square root and arcsine
transformations are defined by, respectively, Equations 10 and 11 (Table
9-1).

7. Determine the CI for each chemical contaminant of concern by Equation 6
(Table 9-1) and Table 9-2. If the upper Timit of the CI is less than the
applicable RT (Equations 6 and 7, Table 9-1), the chemical contaminant is
not considered to be present in the waste at a hazardous concentration and
the study is completed. Otherwise, the opposite conclusion is tentatively
reached.
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8. If a tentative conclusion of hazard is reached, reestimate the total
number of samples (n,) to be collected from the waste by use of Equation
8 (Table 9-1) and Table 9-2. When deriving n,, employ the newly

calculated (not preliminary) values of x and s?. If additional n, - n
samples of waste cannot reasonably be collected, the study is completed,
and a definitive conclusion of hazard is reached. Otherwise, collect

extra n, - n, samples of waste.

9. Repeat the basic operations described in Steps 3 through 8 until the waste
is judged to be nonhazardous or, if the opposite conclusion continues
to be reached, until increased sampling effort is impractical.

Hypothetical Example

Step

1. The preliminary study of barium levels in the elutriate of four EP
toxicity tests, conducted with sludge collected from the lagoon several
years ago, generated values of 86 and 90 ppm for sludge obtained from the
upper third of the Tagoon and values of 98 and 104 ppm for sludge from the
lower two-thirds of the lagoon. Those two sets of values are not judged
to be indicative of nonrandom chemical heterogeneity (stratification)

within the Tagoon. Therefore, preliminary estimates of X and s? are
calculated as:

n
XX,
5 - =l 86 +90 +98+104 _ 94.50 . and (Equation 2a)
n 4
n n
Y x?-(Xx)%n
1 1 (Equation 3a)
st =
n-1
_ 35,916.00 - 35,721.00 _ 65.00.
3
2. Based on the preliminary estimates of X and s’ as well as the knowledge

that the RT for barium is 100 ppm,

2 .
to S°  (1.6382) (65.00) (Equation 8)
n, = = =5.77.
A 5.50°
3. As indicated above, the appropriate number of sludge samples (n,) to be

collected from the Tagoon is six. That number of samples (plus three
extra samples for protection against poor preliminary estimates of X and
s?) is collected from the lagoon by a single randomization process (Figure
9-2). All samples consist of the greatest volume of sludge that can be
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conducted with the samples.
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practically collected. The three extra samples are suitably processed and
stored for possible Tater analysis.

4, The six samples of sludge (n,) designated for immediate analysis generate
the following concentrations of barium in the EP toxicity test: 89, 90,
87, 96, 93, and 113 ppm. Although the value of 113 ppm appears unusual
as compared with the other data, there is no obvious indication that the
data are not normally distributed.

5. New values for X and s’ and associated values for the standard deviation
(s) and s- are calculated as:

n
)y X,
5 - i=1 _ 89 + 90 + 87 +96 + 93 + 113 - 94.67 ., (Equation 2a)
n 6
n n
Y x2- (X x)n
s2 - 7=1 7=1 .
— (Equation 3a)
_ 54,224.00 - 53,770.67 _ 90.67.
5
(Equation 4)
S = ¢§7 =9.52, and

s- = s/yfn=9.52//6 = 3.89. (Equation 5)

6. The new value for X (94.67) is less than the RT (100). In addition, X is
greater (only slightly) than s? (90.67), and, as previously indicated, the
raw data are not characterized by obvious abnormality. Consequently, the

study 1is continued, with the following calculations performed with
nontransformed data.

/. CI=X%t, s-=94.67 % (1.476)(3.89) (Equation 6)

=94.67 £ 5.74.

Because the upper 1limit of the CI (100.41) is greater than the applicable
RT (100), it is tentatively concluded that barium is present in the sludge
at a hazardous concentration.
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8. n is now reestimated as:
2 .
o0 S (1.476%) (90.67) (Equation 8)
n, = =6.95.
G 5.33%
The wvalue for n, (approximately 7) indicates that an additional (n, -
n, = 1) sludge sample should be collected from the lagoon.

9. The additional sampling effort is not necessary because of the three extra
samples that were initially collected from the lagoon. All extra samples
are analyzed, generating the following levels of barium for the EP toxicity
test: 93, 90, and 91 ppm. Consequently, X, s? the standard deviation (s),
and sy are recalculated as:

n
> (Equation 2a)
- = quation Za
e 1 86+90 +...+91 _ 93.56 |
n 9
n n
2 2
; X; SZ‘XJ /m (Equation 3a)
5 =1 =1
S =
n-1
_ /9,254.00 - 78,773.78 _ 60.03 .
8
= 2 =
s =s?=7.75. and (Equation 4)
(Equation 5)
Sy = s/ =7.75//9 = 2.58. q
The value for X (93.56) is again less than the RT (100), and there is no
indication that the nine data points, considered collectively, are
abnormally distributed (in particular, X is now substantially greater than
s?). Consequently, CI, calculated with nontransformed data, is determined
to be:
=X+ _ = +
Cl=x%t, s$=93.56=%(1.397)(2.58) (Equation 6)
= 93.56 £ 3.60.
The upper 1limit of the CI (97.16) is now less than the RT of 100.
Consequently, it is definitively concluded that barium is not present in the
sludge at a hazardous level.
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BOX 2. STRATEGY FOR DETERMINING IF CHEMICAL CONTAMINANTS OF SOLID WASTES ARE
PRESENT AT HAZARDOUS LEVELS - STRATIFIED RANDOM SAMPLING

Step General Procedures

1.

Obtain preliminary estimates of X and s’ for each chemical contaminant of
a solid waste that is of concern. The two above-identified statistics are
calculated by, respectively, Equations 2b and 3b (Table 9-1).

Estimate the appropriate number of samples (n;) to be collected from the
waste through use of Equation 8 (Table 9-1) and Table 9-2. Derive
individual values of n; for each chemical contaminant of concern. The
appropriate number of samples to be taken from the waste is the greatest of
the individual n, values.

Randomly collect at least n; (or n, - n,, ny; - n,, etc., as will be indicated
later in this box) samples from the waste (collection of a few extra samples
will provide protection against poor preliminary estimates of X and s?).
If s, for each stratum (see Equation 3b) is believed to be an accurate
estimate, optimally allocate samples among strata (i.e., allocate samples
among strata so that the number of samples collected from each stratum is
directly proportional to s, for that stratum). Otherwise, proportionally
allocate samples among strata according to size of the strata. Maximize the
physical size (weight or volume) of all samples that are collected from the
strata.

. Analyze the n, (or n , - n,, ny; - n, etc.) samples for each chemical

contaminant of concern. Superficially (graphically) examine each set of
analytical data from each stratum for obvious departures from normality.

Calculate X, s,, the standard deviation (s), and ;s for each set of
analytical data by, respectively, Equations 2b, 3b, 4, and 5 (Table 9-1).

I[f X for a chemical contaminant is equal to or greater than the applicable
RT (Equation 7, Table 9-1) and is believed to be an accurate estimator of
g, the contaminant is considered to be present in the waste at a hazardous
concentration, and the study is completed. Otherwise, continue the study.
In the case of a set of analytical data that does not exhibit obvious
abnormality and for which X is greater than s?, perform the following
calculations with nontransformed data. Otherwise, consider transforming the
data by the square root transformation (if X is about equal to s?) or the
arcsine transformation (if X is less than s?) and performing all subsequent
calculations with transformed data. Square root and arcsine transformations
are defined by, respectively, Equations 10 and 11 (Table 9-1).

Determine the CI for each chemical contaminant of concern by Equation 6
(Table 9-1) and Table 9-2. If the upper Timit of the CI is less than the
applicable RT (Equations 6 and 7, Table 9-1), the chemical contaminant is
not considered to be present in the waste at a hazardous concentration, and
the study is completed. Otherwise, the opposite conclusion is tentatively
reached.
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If a tentative conclusion of hazard is reached, reestimate the total number
of samples (n,) to be collected from the waste by use of Equation 8 (Table
9-1) and Table 9-2. When deriving n,, employ the newly calculated (not
preliminary) values of X and s?. If additional n, - n samples of waste
cannot reasonably be collected, the study is completed, and a definitive
conclusion of hazard is reached. Otherwise, collect extra n, - n, samples
of waste.

Repeat the basic operations described in steps 3 through 8 until the waste
is judged to be nonhazardous or, if the opposite conclusion continues to be
reached, until increased sampling effort is impractical.

Hypothetical Example

Step

1.

The preliminary study of barium levels in the elutriate of four EP toxicity
tests, conducted with sludge collected from the lagoon several years ago,
generated values of 86 and 90 ppm for sludge obtained from the upper third
of the Tagoon and values of 98 and 104 ppm for sludge from the lower two-
thirds of the Tagoon. Those two sets of values are not judged to be
indicative of nonrandom chemical heterogeneity (stratification) within the
lagoon. Therefore, preliminary estimates of X and s? are calculated as:

r

X X, Equation 2b
= 5 WX - (1)(88.00) , (2)(101.00) _ g0 (o0 (Equation 2b)

3 3
k-1

r

(1)(8.00) (2)(18.00)
s2=X% W, s, = + = 14.67 . (Equation 3b)

k=1

Based on the preliminary estimates of X and s? as well as the knowledge that
the RT for barium is 100 ppm,

L tw St (1.368) (4.6D) - (Fquation 8)
1T — = - = 3.55.
A 3.33

. As indicated above, the appropriate number of sludge samples (n;) to be

collected from the lagoon is four. However, for purposes of comparison with
simple random sampling (Box 1), six samples (plus three extra samples
for protection against poor preliminary estimates of % and s?) are
collected from the lagoon by a two-stage randomization process
(Figure 2). Because s, for the upper (2.12 ppm) and lower (5.66 ppm) strata
are not believed to be very accurate estimates, the nine samples to be
collected from the Tagoon are not optimally allocated between the two
strata (optimum allocation would require two and seven samples to be
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collected from the upper and lTower strata, respectively). Alternatively,
proportional allocation is employed: three samples are collected from the
upper stratum (which represents one-third of the lagoon), and six samples
are taken from the lower stratum (two-thirds of the lagoon). All samples
consist of the greatest volume of sludge that can be practically collected.

4. The nine samples of sludge generate the following concentrations of barium
in the EP toxicity test: wupper stratum -- 89, 90, and 87 ppm; lower stratum
-- 96, 93, 113, 93, 90, and 91 ppm. Although the value of 113 ppm appears
unusual as compared with the other data for the lower stratum, there is no
obvious indication that the data are not normally distributed.

5. New values for X and s? and associated values for the standard deviation (s)
and s, are calculated as:

"
- - (1)(88.67) (2)(96.00)
X=X W x, = 3 * 3 =93.56, (Equation 2b)
k=1
"
(1)(2.33) (2)(73.60)

st=X W, e = 3 * 3 = 49.84 (Equation 3b)

k=1
S = J§7 =7.06, and (Equation 4)
s==s/yn=7.06//9 =2.35. (Equation 5)

6. The new value for X (93.56) is Tess than the RT (100). In addition,Xx is
greater than s? (49.84), and, as previously indicated, the raw data are not
characterized by obvious abnormality. Consequently, the study is continued,
with the following calculations performed with nontransformed data.

7. CI =X+ t, s-=93.56% (1.397)(2.35) (Equation 6)

= 93.56 £ 3.28.

The upper Timit of the CI (96.84) is less than the applicable RT (100).
Therefore, it is concluded that barium is not present in the sludge at a
hazardous concentration.

CD-ROM NINE - 20 Revision 0
Date September 1986




9.1.1.3.3 Systematic Random Sampling

Systematic random sampling (Box 3) is implemented by general procedures
that are identical to the procedures identified for simple random sampling.
The hypothetical example for systematic random sampling (Box 3) demonstrates
the bias and imprecision that are associated with that type of sampling when
unrecognized trends or cycles exist in the population.

9.1.1.4 Special Considerations

The preceding discussion has addressed the major issues that are critical
to the development of a reliable sampling strategy for a solid waste. The
remaining discussion focuses on several "secondary" issues that should be
considered when designing an appropriate sampling strategy. These secondary
issues are applicable to all three of the basic sampling strategies that have
been identified.

9.1.1.4.1 Composite Sampling

In composite sampling, a number of random samples are initially collected
from a waste and combined into a single sample, which is then analyzed for the
chemical contaminants of concern. The major disadvantage of composite
sampling, as compared with noncomposite sampling, 1is that information
concerning the chemical contaminants is lost, i.e., each initial set of samples
generates only a single estimate of the concentration of each contaminant.
Consequently, because the number of analytical measurements (n) is small, s;
and t ,, are large, thus decreasing the likelihood that a contaminant will be
judged to occur in the waste at a nonhazardous level (refer to appropriate
equations in Table 9-1 and to Table 9-2). A remedy to that situation is to
collect and analyze a relatively large number of composite samples, thereby
offsetting the savings in analytical costs that are often associated with
composite sampling, but achieving better representation of the waste than would
occur with noncomposite sampling.

The appropriate number of composite samples to be collected from a solid
waste is estimated by use of Equation 8 (Table 9-1), as previously described
for the three basic sampling strategies. In comparison with noncomposite
sampling, composite sampling may have the effect of minimizing between-sample
variation (the same phenomenon that occurs when the physical size of a sample
is maximized), thereby reducing somewhat the number of samples that must be
collected from the waste.

9.1.1.4.2 Subsampling

The variance (s?) associated with a chemical contaminant of a waste
consists of two components in that:

S (Equation 12)
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BOX 3. STRATEGY FOR DETERMINING IF CHEMICAL CONTAMINANTS OF SOLID WASTES

ARE PRESENT AT HAZARDOUS LEVELS - SYSTEMATIC RANDOM SAMPLING

Step General Procedures

1.

Follow general procedures presented for simple random sampling of solid
wastes (Box 1).

Step Hypothetical Example

1.

The example presented in Box 1 is applicable to systematic random sampling,
with the understanding that the nine sludge samples obtained from the Tagoon
would be collected at equal intervals along a transect running from a
randomly selected location on one bank of the lagoon to the opposite bank.
If that randomly selected transect were established between Units 1 and 409
of the sampling grid (Figure 9-2) and sampling were performed at Unit 1 and
thereafter at three-unit intervals along the transect (i.e., Unit 1, Unit
52, Unit 103, ... , and Unit 409), it is apparent that only two samples
would be collected in the upper third of the Tagoon, whereas seven samples
would be obtained from the lower two-thirds of the lagoon. If, as suggested
by the barium concentrations illustrated in Figure 9-2, the lower part of
the lagoon is characterized by greater and more variable barium
contamination than the upper part of the lagoon, systematic random sampling
along the above-identified transect, by placing undue (disproportionate)
emphasis on the lTower part of the lagoon, might be expected to result in an
inaccurate (overestimated) and imprecise characterization of barium levels
in the whole lagoon, as compared with either simple random sampling or
stratified random sampling. Such inaccuracy and imprecision, which are
typical of systematic random sampling when unrecognized trends or cycles
occur in the population, would be magnified if, for example, the randomly
selected transect were established solely in the lower part of the lagoon,
e.g., between Units 239 and 255 of the sampling grid.
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where ¢4 = a component attributable to sampling (sample) variation, § = a
component attributable to analytical (subsample) variation, and m = number of
subsamples. In general, &, should not be allowed to exceed one-ninth of s&. If
a preliminary study indicates that s% exceeds that threshold, a sampling
strategy involving subsampling should be considered. In such a strategy, a
number of replicate measurements are randomly made on a relatively Timited
number of randomly collected samples. Consequently, analytical effort is
allocated as a function of analytical variability. The efficiency of that
general strategy in meeting regulatory objectives has already been demonstrated

in the previous discussions of sampling effort.

The appropriate number of samples (n) to be collected from a solid waste
for which subsampling will be employed is again estimated by Equation 8 (Table
9-1). In the case of simple random sampling or systematic random sampling with
an equal number of subsamples analyzed per sample:

n
X = X x./n,
i=1 (Equation 13)

where X; = sample mean (calculated from values for subsamples) and n = number
of samples. Also,

! T (Equation 14)

The optimum number of subsamples to be taken from each sample (m,, ) is
estimated as:

s
Mopt.y = ?5 (Equation 15)

%)

when cost factors are not considered. The wvalue for s, is calculated from
available data as:

s = ]2 , (Equation 16)

and s,, which can have a negative characteristic, is defined as:

S.=.s° - , (Equation 17)
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with s, calculated as indicated in Equation 14.

In the case of stratified random sampling with subsampling, critical
formulas for estimating sample size (n) by Equation 8 (Table 9-1) include:

r
X = Ei W, x, . (Equation 2b)

where X, = stratum mean and W , = fraction of population represented by Stratum
K (number of strata, k, ranges from 1 to r). In Equation 2b, X, for each

stratum is calculated as the average of all sample means in the stratum (sample
means are calculated from values for subsamples). In addition, s? is
calculated by:

r
s? = Ei W, sp . (Equation 3b)

with s 4 for each stratum calculated from all sample means in the stratum. The
optimum subsampling effort when cost factors are not considered and all
replication is symmetrical is again estimated as:

Miopt.y = ?; . with (Equation 15)
S
r n m P )
XX X X..o- (XX, 0Ym .
SRR k17 kij and (Equation 18)

(Equation 17)

with s? derived as shown in Equation 3b.

9.1.1.5 Cost and lLoss Functions

The cost of chemically characterizing a waste 1is dependent on the
specific strategy that is employed to sample the waste. For example, in the
case of simple random sampling without subsampling, a reasonable cost function
might be:

Comy = G + G, (Equation 19)
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where C., = cost of employing a sample size of n, C, = an overhead cost (which
is independent of the number of samples that are collected and analyzed), and
C, = a sample-dependent cost. A consideration of (, mandates an evaluation
of Ly, which is the sample-size-dependent expected financial Toss related to
the erroneous conclusion that a waste is hazardous. A simple loss function is:

Ly = — (Equation 20)

with oo = a constant related to the cost of a waste management program if the
waste is judged to be hazardous, s? = sample variance, and n = number of
samples. A primary objective of any sampling strategy is to minimize C,, +
L, Differentiation of Equations 19 and 20 indicates that the number of
samples (n) that minimize C,, + L, 1s:

n=|—:". (Equation 21)

As is evident from Equation 21, a comparatively large number of samples (n) is
justified if the value of o or s? is large, whereas a relatively small number
of samples 1is appropriate if the value of C, is Tlarge. These general
conclusions are valid for any sampling strategy for a solid waste.

9.2 IMPLEMENTATION

This section discusses the implementation of a sampling plan for the
collection of a "solid waste," as defined by Section 261.2 of the Resource
Conservation and Recovery Act (RCRA) regulations. Due to the uniqueness of
each sampling effort, the following discussion is in the general form of
guidance which, when applied to each sampling effort, should improve and
document the quality of the sampling and the representativeness of samples.

The following subsections address elements of a sampling effort in a
logical order, from defining objectives through compositing samples prior to

analysis.

9.2.1 Definition Of Objectives

After verifying the need for sampling, those personnel directing the
sampling effort should define the program's objectives. The need for a
sampling effort should not be confused with the objective. When management,
a regulation, or a regulatory agency requires sampling, the need for sampling
is established but the objectives must be defined.
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The primary objective of any waste sampling effort 1is to obtain
information that can be used to evaluate a waste. It is essential that the
specific information needed and its uses are defined in detail at this stage.
The information needed is usually more complex than just a concentration of a
specified parameter; it may be further qualified (e.g., by sampling location
or sampling time.) The manner in which the information is to be used can also
have a substantial impact on the design of a sampling plan. (Are the data to
be used in a qualitative or quantitative manner? If quantitative, what are the
accuracy and precision requirements?)

A1l pertinent information should be gathered. For example, if the
primary objective has been roughly defined as "collecting samples of waste
which will be analyzed to comply with environmental regulations," then ask the
following questions:

1. The sampling is being done to comply with which environmental
regulation? Certain regulations detail specific or minimum
protocols (e.g., exclusion petitions as defined in §260.22 of the
RCRA regulations); the sampling effort must comply with these
regulatory requirements.

2. The collected samples are to be analyzed for which parameters?
Why those and not others? Should the samples be analyzed for more
or fewer parameters?

3. What waste is to be sampled: the waste as generated? The waste
prior to or after mixing with other wastes or stabilizing
agents? The waste after aging or drying or just prior to
disposal? Should waste disposed of 10 years ago be sampled to
acquire historical data?

4, What is the end-use of the generated data base? What are the
required degrees of accuracy and precision?

By asking such questions, both the primary objective and specific
sampling, analytical, and data objectives can be established.

Two sampling efforts could have identical primary objectives but
different specific objectives. For example, consider two situations in which
the primary objective is to determine if the concentration of barium is less
than the regulatory threshold of 100 ppm. The specific objectives will vary
and have a substantial effect on sampling. (This situation is presented
graphically in Figures 9-3 and 9-4.) In Figure 9-3, under the assumption that
the true distribution of barium concentrations throughout the waste of interest
is as shown, Timited information has indicated that the average concentration
is approximately 50 ppm. In Figure 9-4, assume that historical data indicated
an average concentration of 90 ppm and the true distribution of barium
concentrations is as shown. Therefore, the specific data objective for the
latter case is to generate a data base that can discriminate between 90 and 100
ppm, whereas in the former case the data objective is to discriminate between
50 and 100 ppm. Greater accuracy and precision are required to discriminate
between 90 and 100 ppm; this fact will affect the number, size, and degree of
compositing of samples collected and analyzed.
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The form in Figure 9-5 can be used to document primary and specific
objectives prior to development of a sampling plan. Once the objectives of a
sampling effort are developed, it is important to adhere to them to ensure that
the program maintains its direction.

9.2.2 Sampling Plan Considerations

The sampling plan is wusually a written document that describes the
objectives and details the individual tasks of a sampling effort and how they
will be performed. (Under unusual circumstances, time may not allow for the
sampling plan to be documented in writing, e.g., sampling during an emergency
spill. When operating under these conditions, it is essential that the person
directing the sampling effort be aware of the various elements of a sampling
plan.) The more detailed the sampling plan, the Tess the opportunity for
oversight or misunderstanding during sampling, analysis, and data treatment.

To ensure that the sampling plan is designed properly, it is wise to have
all aspects of the effort represented. Those designing the sampling plan
should include the following personnel:

1. An end-user of the data, who will be using the data to attain
program objectives and thus would be best prepared to ensure that
the data objectives are understood and incorporated into the
sampling plan.

2. An experienced member of the field team who will actually collect
samples, who can offer hands-on insight into potential problems
and solutions, and who, having acquired a comprehensive
understanding of the entire sampling effort during the design
phase, will be better prepared to implement the sampling plan.

3. An analytical chemist, because the analytical requirements for
sampling, preservation, and holding times will be factors around
which the sampling plan will be written. A sampling effort cannot
succeed if an improperly collected or preserved sample or an
inadequate volume of sample is submitted to the Tlaboratory for
chemical, physical, or biological testing. The appropriate
analytical chemist should be consulted on these matters.

4. An engineer should be involved if a complex manufacturing process
is being sampled. Representation of the appropriate engineering
discipline will allow for the optimization of sampling locations
and safety during sampling and should ensure that all waste-stream
variations are accounted for.

5. A statistician, who will review the sampling approach and verify
that the resulting data will be suitable for any required
statistical calculations or decisions.

6. A quality assurance representative, who will review the
applicability of standard operating procedures and determine the
number of blanks, duplicates, spike samples, and other steps
required to document the accuracy and precision of the resulting
data base.
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Sampling Site:

Address:

Description of Waste to be Sampled:

Primary Objective:

Specific Sampling Objectives:

Specific Analysis Objectives:

Specific Data Objectives:

Figure 9-5. Form for Documenting Primary and Specific Objectives
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At Teast one person should be familiar with the site to be sampled. If
not, then a presampling site visit should be arranged to acquire site-specific
information. If no one is familiar with the site and a presampling site visit
cannot be arranged, then the sampling plan must be written so that it can
address contingencies that may occur.

Even in those cases in which a detailed sampling plan is authored and a
comprehensive knowledge of the site exists, it is unusual for a sampling plan
to be implemented exactly as written. Waste-stream changes, inappropriate
weather, sampling equipment failure, and problems in gaining access to the
waste are some reasons why a sampling plan must be altered. Thus it is always
necessary to have at least one experienced sampler as a member of a sampling
team.

The sampling plan should address the considerations discussed below.
9.2.2.1 Statistics

A discussion of waste sampling often leads to a discussion of statistics.
The goals of waste sampling and statistics are identical, i.e., to make
inferences about a parent population based upon the information contained in
a sample.

Thus it is not surprising that waste sampling relies heavily upon the
highly developed science of statistics and that a sampling/analytical effort
usually contains the same elements as does a statistical experiment.
Analogously, the Harris pollster collects opinions from randomly chosen people,
whereas environmental scientists collect waste at randomly chosen locations or
times. The pollster analyzes the information into a useable data base;
laboratories analyze waste samples and generate data. Then the unbiased data
base is used to draw inferences about the entire population, which for the
Harris pollster may be the voting population of a large city, whereas for the
environmental scientist the population may mean the entire contents of a
landfill.

During the implementation of a waste sampling plan or a statistical
experiment, an effort is made to minimize the possibility of drawing incorrect
inferences by obtaining samples that are representative of a population. In
fact, the term "representative sample" is commonly used to denote a sample that
(1) has the properties and chemical composition of the population from which
it was collected, and (2) has them in the same average proportions as are found
in the population.

In regard to waste sampling, the term "representative sample" can be
misleading unless one is dealing with a homogeneous waste from which one sample
can represent the whole population. In most cases, it would be best to
consider a "representative data base" generated by the collection and analysis
of more than one sample that defines the average properties or composition of
the waste. A "representative data base" is a more realistic term because the
evaluation of most wastes requires numerous samples to determine the average
properties or concentrations of parameters in a waste. (The additional samples
needed to generate a representative data base can also be used to determine the
variability of these properties or concentrations throughout the waste
population.)
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Statisticians have developed a number of strategies to obtain samples
that are unbiased and collectively representative of a population. A detailed
discussion of these strategies is presented in Section 9.1 of this chapter.
The following discussion of statistical considerations is a less technical
summary of these strategies. It was written to complement Section 9.1 and will
be most useful after Section 9.1 is read and studied.

Section 9.1 describes three basic sampling strategies: simple random,
stratified random, and systematic random sampling. It should be noted that the
word random has more than one meaning. When used in statistical discussions,
it does not mean haphazard: it means that every part of a waste has a
theoretically equal chance of being sampled. Random sampling, which entails
detailed planning and painstaking implementation, is distinctly different from
haphazard sampling, which may introduce bias into the collection of samples and
the resulting data.

Systematic random sampling and authoritative sampling strategies require
a substantial knowledge of the waste to ensure that: (1) a cycle or trend in
waste composition does not coincide with the sampling locations: or (2) in the
case of authoritative sampling, all or most of the assumptions regarding waste
composition or generation are true. Because the variabilities of waste
composition and the waste generation process are often unknown, systematic
random and authoritative sampling strategies are usually not applicable to
waste evaluation.

Therefore, for waste sampling, the usual options are simple or stratified
random sampling. Of these two strategies, simple random sampling is the option
of choice unless: (1) there are known distinct strata divisions) in the waste
over time or in space: (2) one wants to prove or disprove that there are
distinct time and/or space strata in the waste of interest; or (3) one is
collecting a minimum number of samples and desires to minimize the size of a
hot spot (area of high concentration) that could go unsampled. If any of these
three conditions exists, it may be determined that stratified random sampling
would be the optimum strategy. To explain how these strategies can be
employed, a few examples follow:

Example 1: Simple Random Sampling of Tanks

A batch manufacturing process had been generating a liquid waste over a

period of years and storing it in a Tlarge open-top tank. As this tank
approached capacity, some of the waste was allowed to overflow to a smaller
enclosed tank. This smaller tank allowed for Tlimited access through an

inspection port on its top.

Because the on-site tank storage was approaching capacity, it was
determined that the waste would have to be disposed of off-site.

The operators of the facility had determined that the waste was a
nonhazardous solid waste when the RCRA regulations were first promulgated.
However, upon recent passage of more stringent state regulations and concerns
of potential liability, the operators determined that they should perform a
more comprehensive analysis of the waste.
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Because the waste was generated in a batch mode over a period of years,
the operators were concerned that the waste composition might have varied
between batches and that stratification might have occurred in the tank at
unknown and random depths. Based on their knowledge, the operators knew that
a grab sample would not suffice and that a sampling program would have to be
designed to address the heterogeneity of the waste.

Because the operators intended to dispose of the entire contents of the
tank and lacked any specific information regarding stratification and
variability of the waste, it was decided that a simple random strategy would
be employed. (If the operators had treated portions of the waste differently
or had been aware of distinct strata, then stratified random sampling might
have been more appropriate.)

The large, unenclosed tank had a diameter of 50 ft, a height of 20 ft,
and an approximate volume of 295,000 gal allowed. It was encircled and
traversed by catwalks (refer to Figure 9-6), which allowed access to the entire
waste surface. The smaller tank had a diameter of 10 ft, a height of 10 ft,
and an approximate volume of 6,000 gal: an inspection port located on the top
allowed Timited access. It was determined that the different construction of
the two tanks would require different simple random sampling approaches.

In the case of the large tank, it was decided that vertical composite
samples would be collected because the operators were interested in the average
composition and variability of the waste and not in determining if different
vertical strata existed. It was decided to select points randomly along the
circumference (157 ft) and along the radius (25 ft). These numbers, which
would constitute the coordinates of the sampling locations, were chosen from
a random-number table by indiscriminately choosing a page and then a column on
that page. The circumference coordinates were then chosen by proceeding down
the column and listing the first 15 numbers that are greater than or equal to
0, but Tless than or equal to 157. The radius coordinates were chosen by
continuing down the column and listing the first 15 numbers that are greater
than or equal to 0, but less than or equal to 25. These numbers were paired
to form the coordinates that determined the lTocation of the 15 randomly chosen
sampling points. These coordinates were recorded in the field notebook (refer
to Table 9-3). Because no precision data on waste composition existed prior
to sampling, the number of samples (15) was chosen as a conservative figure to
more than allow for a sound statistical decision.

The actual samples were collected by employing a sampling device, which
was constructed on site from available materials, and a weighted bottle. This
device, which was used to access more remote areas of the tank, consisted of
a weighted bottle, a rope marked off at 1-ft increments, and a discarded spool
that originally contained electrical wire (refer to Figure 9-7).

Samples were collected by a three-person team. The person controlling
the weighted bottle walked to the first circumference coordinate (149 ft),
while the two persons holding the ropes attached to the spool walked along
opposing catwalks toward the center of the tank. The person controlling the
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TABLE 9-3. RANDOM COORDINATES FOR 295,000-GAL TANK

Sampling Point Circumference Radius

1 149 4

2 86 22

3 94 13

4 99 0

5 23 10

6 58 2

7 52 22

8 104 16

9 23 25

10 51 4

11 77 14

12 12 5

13 151 15

14 83 23

15 99 18
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Figure 9-7. Device used to collect sample from the open tank.
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weighted bottle measured off the radius coordinate (4 ft). The spool was then
centered in the quadrant, the weighted bottle was lowered to the surface, and
a sample was collected from the first 2 ft of waste. This sample was then
transferred into a Tlarge, labeled sample container, which was used for
compositing. This same process was repeated nine more times at the same
location at different 2-ft depth intervals, resulting in the collection of a
total of 10 component depth samples that were compiled in the field into one
sample for that sampling point. This process was repeated at the remaining 14
sampling points, resulting in the collection of 15 vertical composite samples.
These wvertical composite samples were taken to address any vertical
stratification that may have occurred.

The samples were properly preserved and stored, chain-of-custody
procedures were 