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1.0 LEGAL AUTHORITY

1.1 Legal Authority

Effluent limitations guidelines and standardsfor the Landfillsindustry are promulgated under the authority
of Sections 301, 304, 306, 307, 308, 402, and 501 of the Clean Water Act, 33 U.S.C. 1311, 1314,
1316, 1317, 1318, 1342, and 1361.

1.2 Background
121 Clean Water Act (CWA)

TheFederal Water Pollution Control Act Amendmentsof 1972 established acomprehensive program to
“restore and maintain the chemical, physical, and biological integrity of the Nation’ swaters’ (Section
101(8)). Toimplement the Act, EPA istoissue effluent limitations guiddines, pretreatment standards, and
new source performance standards for industrial dischargers. These guidelines and standards are

summarized briefly in the following sections.

1211 Best Practicable Control Technology Currently Available (BPT)

(Section 304(b)(1) of the CWA)
In the guidelines for an industry category, EPA defines BPT effluent limitsfor conventiond, priority,* and
nonconventiona pollutants. In specifying BPT, EPA looks a anumber of factors. EPA first consdersthe
cost of achieving effluent reductionsin relation to the effluent reduction benefits. The Agency aso
consders. the age of the equipment and facilities; the processes employed and any required process

changes, engineering aspectsof the control technol ogies; non-water quality environmenta impacts(including

! Intheinitial stages of EPA CWA regulation, EPA efforts emphasized the achievement of BPT limitations for
control of the "classical” pollutants (e.g., TSS, pH, BOD:). However, nothing on the face of the statute
explicitly restricted BPT limitation to such pollutants. Following passage of the Clean Water Act of 1977
with its requirement for points sources to achieve best available technology limitations to control
discharges of toxic pollutants, EPA shifted its focus to address the listed priority pollutants under the
guidelines program. BPT guidelines continue to include limitations to address all pollutants.
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energy requirements); and such other factors as the Agency deems appropriate (CWA 304(b)(1)(B)).
Traditionaly, EPA establishesBPT effluent limitationsbased on the average of the best performances of
facilitieswithintheindustry of various ages, sizes, processes or other common characteristics. Where,
however, existing performance is uniformly inadequate, EPA may require higher levels of control than

currently in placein an industria category if the Agency determines that the technology can be practicaly
applied.

1212 Best Conventional Pollutant Control Technology (BCT)

(Section 304(b)(4) of the CWA)
The 1977 amendments to the CWA required EPA to identify effluent reduction levels for conventional
pollutantsassociated with BCT technol ogy for dischargesfromexistingindustrial point sources. Inaddition
to other factors specified in Section 304(b)(4)(B), the CWA requiresthat EPA establish BCT limitations
after consideration of atwo part "cost-reasonableness’ test. EPA explained its methodology for the
development of BCT limitationsin July 1986 (51 FR 24974).

Section 304(a)(4) designates the following as conventiond pollutants: biochemica oxygen demand (BOD,),
total suspended solids(TSS), feca coliform, pH, and any additional pollutantsdefined by the Administrator
asconventiona. The Administrator designated oil and grease asan additional conventional pollutant on
July 30, 1979 (44 FR 44501).

1213 Best Available Technology Economically Achievable (BAT)

(Section 304(b)(2) of the CWA)
Ingenerd, BAT effluent limitations guidelines represent the best economically achievable performance of
plantsin theindustria subcategory or category. Thefactors considered in ng BAT include the cost
of achieving BAT effluent reductions, the age of equipment and facilitiesinvolved, the process employed,
potential processchanges, and non-water quality environmental impacts, including energy requirements.

The Agency retains considerable discretion in assigning the weight to be accorded these factors. Unlike



BPT limitations, BAT limitations may be based on effluent reductions attainable through changesina
facility's processes and operations. Aswith BPT, where existing performance is uniformly inadequate,
BAT may require ahigher level of performance than is currently being achieved based on technol ogy
transferred from adifferent subcategory or category. BAT may be based upon process changes or internd

controls, even when these technol ogies are not common industry practice.

1214 New Sour ce Performance Standar ds (NSPS)
(Section 306 of the CWA)

NSPS reflect effluent reductions that are achievable based on the best available demonstrated control
technology. New facilities have the opportunity to instal the best and most efficient production processes
and wastewater trestment technologies. Asaresult, NSPS should represent the most stringent controls
attainable through the application of the best available control technology for all pollutants (i.e.,
conventional, nonconventiond, and priority pollutants). 1nestablishing NSPS, EPA isdirected totakeinto
cong deration the cost of achieving the effluent reduction and any non-water qudity environmenta impacts

and energy requirements.

1215 Pretreatment Standardsfor Existing Sour ces (PSES)

(Section 307(b) of the CWA)
PSES are designed to prevent the discharge of pollutantsthat passthrough, interferewith, or are otherwise
incompatiblewith the operation of publicly owned treetment works (POTWSs). The CWA authorizesEPA
to establish pretreatment standardsfor pollutantsthat passthrough POTWs or interfere with treatment
processes or sudge disposal methods at POTWSs. Pretreatment standards are technol ogy-based and
analogousto BAT effluent limitations guidelines.

The Generd Pretrestment Regul ations, which set forth theframework for theimplementation of categorical
pretreatment standards, are found at 40 CFR Part 403. These regulations contain a definition of pass



through that addresses|ocalized rather than national instances of passthrough and establish pretreatment
standards that apply to all non-domestic dischargers (see 52 FR 1586, January 14, 1987).

1.2.16 Pretreatment Standardsfor New Sour ces (PSNS)

(Section 307(b) of the CWA)
Like PSES, PSNS are designed to prevent the discharges of pollutants that pass through, interfere-with,
or are otherwise incompatible with the operation of POTWs. PSNS areto beissued a the sametimeas
NSPS. New indirect dischargers have the opportunity to incorporate into their plants the best available
demondtrated technologies. The Agency congdersthe samefactorsin promulgating PSNS asit consders
in promulgating NSPS.

1.2.2 Section 304(m) Requirements

Section 304(m) of the CWA, added by the Water Quality Act of 1987, requires EPA to establish
schedulesfor (1) reviewing and revising existing effluent limitations guidelines and standards (* effluent
guiddines’) and (2) promulgating new effluent guidelines. On January 2, 1990, EPA published an Effluent
GuidelinesPlan (55 FR 80) that establi shed schedulesfor devel oping new and revised effluent guidelines
for severd indudtry categories. Oneof the industries for which the Agency established a schedule wasthe
Hazardous Waste Treatment Industry.

The Natural Resources Defense Council (NRDC) and Public Citizen, Inc. filed suit against the Agency,
alleging violation of Section 304(m) and other statutory authorities requiring promulgation of effluent
guiddlines (NRDC et al. v. Reilly, Civ. No. 89-2980 (D.D.C.)). Under thetermsof the consent decree

inthat case, asamended, EPA agreed, among other things, to propose effluent guidelinesfor the“ Landfills
and Industrial Waste Combusters’ category by November 1997 and final action by November 1999.
Although the Consent Decreelists"Landfillsand Industrial Waste Combusters' asasingleentry, EPA is
publishing separate regulations for Industrial Waste Combusters and for Landfills.



2.0 SUMMARY AND SCOPE

21 I ntroduction

Thefind regulation for the Landfillsindustry establishes effluent limitations guiddines and sandardsfor the
control of wastewater pollutants. This document presents the information concerning, and rationale
supporting, theseeffluent limitationsguidelinesand stlandards. Section 2.2 discussesthe subcategorization
approach, Section 2.3 describesthe scope of theregulation, Sections 2.4 through 2.9 summarizethefina
effluent limitations and pretreatment standards, and Sections 2.10 through 2.13 discuss several of the

implementation issues associated with thisrule.

2.2 Subcategorization

For thefina rule, EPA decided that asingle set of limitations and standards was not appropriate for the
landfillsindustry and, thus, developed different limitations and standards for subcategories within the

industry. These subcategories are summarized below:

RCRA Subtitle C Hazardous Waste L andfill Subcategory
Subpart A of 40 CFR Part 445, “RCRA Subtitle C Hazardous Waste Landfill Subcategory,” appliesto
wastewater discharges from a solid waste disposal facility subject to the criteriain 40 CFR Part 264

Subpart N - Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposa
Facilitiesand 40 CFR Part 265 Subpart N -I1nterim Standards for Owners and Operators of Hazardous
Waste Treatment, Storage, and Disposal Facilities. Hazardouswastelandfillsare subject to requirements
outlined in 40 CFR Parts 264 and 265 that include the requirement to maintain aleachate collection and
removal systems during the active life and post-closure period of the landfill. For adiscussion of these

criteria, seethe Preambleto the proposed landfill guideline at 63 FR 6426, 6430-31. (February 6, 1998).

RCRA Subtitle D Non-Hazardous Waste L andfill Subcategory
Subpart B of 40 CFR Part 445, “RCRA Subtitle D Non-Hazardous Waste Landfill Subcategory,” applies

2-1



towastewater dischargesfromall landfillsclassified asRCRA Subtitle D non-hazardous|andfillssubject
to either of the criteriaestablished in 40 CFR Parts 257 (Criteriafor Classfication of Solid Waste Disposd
Facilitiesand Practices) or 258 (Criteriafor Municipa Solid Waste Landfills). For adiscussion of these
criteria, seethe Preambleto the proposed landfill guideline at 63 FR 6426, 6431-32. (February 6, 1998).

23 Scope of Final Regulation

Thefina limitations and standards cover pollutantsin wastewater discharges associated only with the
operation and maintenance of those landfills regulated under Subtitles C and D of the Resource
Consarvation and Recovery Act (RCRA).! Therule appliesto wastewater generated at both activeaswell
as closed landfills regulated under Subtitle C or Subtitle D of RCRA.

Furthermore, this rule does not apply to wastewater discharges associated with the operation and
maintenance of land application or treatment units, surfaceimpoundments, underground injection wells,
waste piles, salt dome or bed formations, underground mines, caves or corrective action units.?
Additionally, this guideline does not apply to waste transfer stations, or any wastewater not directly
attributed to the operation and maintenance of Subtitle C or Subtitle D landfill units. Consequently,
wadtewater, such asthat generated in off-ste washing of vehicles used in landfill operations, isnot within

the scope of this guideline.

The wastewater covered by the ruleincludes leachate, gas collection condensate, drained freeliquids,
|aboratory-derived wastewater, contaminated storm water, and contact washwater from truck exteriors

and surface areas which have comein direct contact with solid waste at the landfill facility. However,

1 EPA’s Subtitle C and Subtitle D regulations define “landfill”. See 40 CFR 257.2, 258.2 (“municipal solid
waste landfill”) and 260.10. Permitted Subtitle C landfills are authorized to accept hazardous wastes as
defined in 40 CFR Part 261. Subtitle D landfills are authorized to receive municipal, commercial or
industrial waste that is not hazardous (as well as hazardous waste excluded from regulation under
Subtitle C).

2 Theseterms are defined at 40 CFR 257.2 and 260.10.
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ground water and wastewater from recovery pumping well operationswhich have been contaminated by

alandfill and are collected and discharged are excluded from thisguideline. Section 2.10 discussesthe

exclusonfromtherulefor contaminated ground water flowsand for wastewater from recovering pumping

wells. Dischargesof non-contaminated storm water, as defined by thisguideline, area so not covered by

therule. EPA defines non-contaminated storm water and discussesthe rationale for not covering it in this

guideline at Section 2.11.

Theruledoesnot apply to wastewater discharges generated at alandfill that isassociated with anindustrid

or commercid operation -- so-caled “ captive’ landfills-- in most circumstances. The following describes

the applicability of thefind ruleto captive landfills. Thefina rule does not apply to discharges of landfill

wastewater from captive landfills so long as one or more of the following conditions are met:

b)

d)

The captive landfill is operated in conjunction with other industriad or commercid operations, and
it only receiveswastes generated by theindustria or commercia operation directly associated with
the landfill.

Thelandfill isoperated in conjunction with other industrid or commercid operationsand it recaeives
both wastesgenerated by theindustria or commercia operation directly associated with thelandfill
aswell asother wastes and the other wastesreceived for landfill disposal are generated by afacility
that is subject to the same provisionsin 40 CFR Subchapter N asthe receiving facility directly
associated with the landfill.

Thelandfill isoperated in conjunction with other indugtrid or commercid operationsand it recaives
wastesgenerated by theindustrial or commercia operation directly associated withthelandfill as
well as other wastes and the other wastes are similar in nature to the wastes generated by the
industrial or commercial operation directly associated with the landfill.

Thelandfill isoperated in conjunction with a Centrdized Waste Treatment (CWT) facility subject
to 40 CFR Part 437 s0 long asthe CWT facility commingles the landfill wastewater with other
non-landfill wastewater for treetment. If aCWT facility discharges landfill wastewater separately
from other CWT wastewater or comminglesthewastewater fromitslandfill only with wastewater
from other landfills, then the landfill discharge is subject to the landfill effluent guidelines.



€) Thelandfill isoperated in conjunction with other indudtrid or commercid operaions, and it recaives
wastesfrom public service activities (as defined in Appendix B) and thelandfill doesnot receive
afee or other remuneration for the disposal service.

Section 2.12 discussesin detail EPA’ srationaefor adopting the conditions described abovefor the captive

landfill exclusion.

24 Best Practicable Control Technology Currently Available (BPT)

EPA established BPT effluent limitations guidelines for conventional, priority, and nonconventional
pollutantsfor both subcategories. For RCRA Subtitle C hazardous waste landfills, EPA promulgated
effluent limitationsstandardsbased on atreatment system cong sting of equaization, chemical precipitation,
biologicd treatment, and multimediafiltration. For RCRA Subtitle D non-hazardous waste landfills, EPA
promulgated effluent limitations standards based on the following treatment: equalization, biological
trestment, and multimediafiltration. Table2-1 and Table2-2 list thefind effluent limitationsand standards
for the Hazardous subcategory and the Non-Hazardous subcategory, respectively.

25 Best Conventional Pollutant Control Technology (BCT)

EPA established BCT effluent limitations guidelines equivaent to the BPT guidelinesfor the control of
conventiona pollutants (BOD,, TSS, and pH) for both subcategories. The effluent limitationsarethe same
asthosespecified for BOD,, TSS, and pH in Table 2-1 and Table 2-2 for the Hazardous subcategory and
the Non-Hazardous subcategory, respectively

2.6 Best Available Technology Economically Achievable (BAT)

EPA established BAT effluent limitationsguiddinesequivaent tothe BPT guiddinesfor control of priority
and nonconventiona pollutantsfor both subcategories. Any existing hazardous landfill subject to this

guiddinemust achievethefollowing effluent limitationswhich represent the gpplication of BAT: Limitations



for ammonia(asN), aphaterpineol, aniline, benzoic acid, ngphthdene, p-cresol, phenal, pyridine, arsenic,

chromium and zinc are the same as the corresponding limitations specified in Table 2-1.

Any exigting non-hazardous|andfill subject to thisguideline must achievethefollowing effluent limitations
which represent the gpplication of BAT: Limitationsfor anmonia (as N), dphaterpinol, benzoic acid, p-

cresol, phenol and zinc are the same as the corresponding limitations specified in Table 2-2.

2.7 New Sour ce Performance Standar ds (NSPS)

EPA established NSPSeffluent limitationsguidelinesequivaent tothe BPT, BCT, and BAT guiddinesfor
the control of conventiona, priority and nonconventiona pollutantsfor both subcategories. Table2-1 and
Table 2-2 list thefinal effluent limitations and standards for the Hazardous subcategory and the Non-
Hazardous subcategory, respectively.

2.8 Pretreatment Standardsfor Existing Sour ces (PSES)

EPA did not establish PSES for either subcategory. Any source subject to this rule that introduces
wastewater pollutantsinto apublicly owned treatment works (POTW) must comply with 40 CFR Part
403.

2.9 Pretreatment Standardsfor New Sour ces (PSNS)

EPA did not establish PSNSfor efther subcategory. Any new source subject to thisrule that introduces
wastewater pollutants into a POTW must comply with 40 CFR Part 403.

2.10 Implementation of the Rule for Contaminated Ground Water Flows and
Wastewater from Recovering Pumping Wells

During development of therule, EPA cons dered whether it should asoinclude contaminated ground water
flowswithin the scopeof thisguiddine. Higtoricaly, many landfill operationshave caused the contamination



of local ground water, mostly asaresult of leakage from unlined landfill unitsin operation prior to the
minimum technology standards for landfills established by RCRA Subtitle C and D regulations.
Subsequently, State and Federa action under the Comprehensive Environmental Response Compensation
and Liability Act (CERCLA) hasrequired facilitiesto clean up contaminated ground water. Inmany cases,
this has resulted in the collection, treatment, and discharge of treated ground water to surface waters. In
addition, inthe case of RCRA Subtitle C hazardouswaste landfillsand municipal solid wastelandfills
(MSWLFs), applicableregulatory standards require ground water monitoring and post-closure care and,
intheevent of ground water contamination, correctiveaction measures. Theserequirementsmay a so result

in treatment of contaminated ground water by such landfill facilities.

EPA, however, has not included contaminated ground water flowswithin its assessment for thisguideine.
Severa reasons support EPA’ s decision not to include contaminated ground water as aregulated waste

stream for thisrule.

EPA evaluated flows, pollutant concentrations, treatment in place, and current treatment standardsfor
discharges of contaminated ground water from landfills. From this evaluation, EPA concluded that
pollutantsin contaminated ground water flowsare often very dilute or aretreated to very low levelsprior
to discharge. EPA concluded that, whether asaresult of corrective action measures taken pursuant to
RCRA authority or State action to clean up contaminated landfill sites, landfill discharges of treated
contaminated ground water are being adequately controlled. Consequently, further regulation under this

rule would be redundant and unnecessary.

EPA isawarethat therearelandfill facilitiesthat collect and trest both landfill leachate and contaminated
ground water flows. In the case of such facilities, EPA has concluded that decisions regarding the
appropriate discharge limits should be | eft to the judgment of the permit writer. Asindicated by data
collected through the questionnaires and EPA sampling, ground water characteristics are often Site specific

and may contain very few contaminants or may, conversely, exhibit characteristicssimilar in natureto
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leachate. In cases where the ground water is very dilute, the Agency is concerned that contaminated
ground water may be used as a dilution flow. In these cases, the permit writer should develop “best
professona judgment” (BPJ) permit limits based on separate trestment of theflows, or develop BRI limits
based on aflow-weighted building block approach, in order to prevent dilution of theregulated leachate
flows. However, in cases where the ground water may exhibit characteristics similar to leachate,
commingled treatment may be appropriate, cost effective, and environmentally beneficial. EPA
recommends that the permit writer consider the characteristics of the contaminated ground water before
making a determination if commingling ground water and leachate for treatment is appropriate. EPA
recommends that the permit writer refer to the leachate characteristics datain Chapter 6 in order to

determine whether contaminated ground water at alandfill has characteristics similar to leachate.

Recovering pumping well wastewater isgenerated asaresult of the various ancillary operations associated
with ground water pumping operations. These operationsinclude construction and development, well
maintenance, and well sampling (i.e. purgewater). Thewastewater will havevery smilar characteristics
to contaminated ground water. Therefore, for the same reasons that EPA did not include contaminated
ground water asaregulated wastewater, these regul ations do not apply to wastewater from recovering

pumping well operations.

211 I mplementation of the Rulefor Storm Water Discharges

EPA received extensive comments onits proposal to include contaminated storm water as aregulated
waste stream under the landfillseffluent guidelines. Several commenters stated that contaminated storm
water (storm water that comesinto contact with solid waste at the landfill Site) should not be subject to the
landfills effluent limitations guidelines because thisis already covered by the Final National Pollutant
Discharge Elimination System Storm Water M ulti-sector General Permit (MSGP) for Industrid Activities
(September 29, 1995; 60 FR 50803), in Stateswhereit applies, or by an equivaent genera permit issued
by an NPDES authorized State.
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Inan effort to clarify thetypesof ssormwater runoff that are subject to thelandfillseffluent guidelines, EPA
revised the definition of contaminated and non-contaminated ssorm water in thefina rule. EPA defines

these terms as follows:

Contaminated stormwater: Storm water which comesin direct contact with landfill wastes, the
waste handling and treatment areas, or wastewater that issubject to thelimitationsand standards.

Non-contaminated stormwater : Storm water which doesnot comein direct contact with landfill
wadtes, the waste handling and treatment areas, or wastewater that is subject to the limitationsand
standards. Non-contaminated storm water includes storm water which flows off the cap, cover,
intermediate cover, daily cover, and/or fina cover of the landfill.

The Storm Water Pollution Prevention Plan (SWPPP) required by the ssorm water M SGP or an authorized
State’ sequivaent genera permit requireslandfill facilitiestoidentify al of the sources of storm water
contamination at the landfill and thenimplement measures and control s (such as good housekeeping for
materias storage, sediment and erosion controls - particularly from intermediate and final covers) inan
effort to prevent ssorm water contamination. EPA believesthat the storm water M SGP (or an authorized
State’ sequivaent genera permit) adequately controls pollutantsfrom storm water runoff from covered
areasof thelandfill. Covered areasof thelandfill includethefollowing: capped, fina cover, intermediate
cover, and daily cover areas. The Agency believesthat the SWPPP and the monitoring requirementsin
thestorm water M SGP provide adequate control sfor reducing theleve of pollutantsin storm water from

these areas of landfills.

EPA recognizesthat there may be someincidental contact with wasteswhen storm water flowsover adaily
or intermediate cover. However, EPA concluded that such contact will not lead to any meaningful
“contamingtion” of the sorm water so long asthe landfill complies with the requirements of the sorm water
MSGP or an authorized State’ sequivaent genera permit. For example, the Best Management Practices
(BMPs) outlined in Table L-1 and L-2 of the storm water MSGP (60 FR 50940) and the monitoring
requirementsin TableL-5and L-6 for TSSand total recoverableiron (60 FR 50943) provide adequate
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controlsfor the pollutants that would most likely be associated with runoff from covered areas of non-

hazardous landfills.

Similarly, for hazardouslandfills, BM Psand monitoring requirementsoutlinedin TableK-2 (60 FR 50935)
and TableK-3 (60 FR 50936), respectivey, dso require controlsfor pollutantsassoci ated with runoff from
covered areasof alandfill. In EPA’sview, BMPsprovideafair degree of control of these pollutantsand
the monitoring requirements of the M SGP provide atool for evaluating the effectiveness of the Storm Water

Pollution Prevention Plan.

Aspart of the Agency’ s continuing effort to improveitsenvironmenta and pollution control programs, EPA
has concluded that, athough the M SGP provides some control for contaminated storm water runoff, the
landfills effluent limitations guidelines provide amore comprenensive leve of control for sorm water runoff
that hascomein direct contact with solid waste, waste handling and treatment areas, or wastewater flows
that are controlled under thisrule. Although the storm water M SGP considered circumstancesin which
untreated |eachate may beincidently commingled with ssormwater, the Agency explicitly acknowledged
inthe MSGP that insufficient datawere avail able to establish numeric limitsfor sorm water that might be
contaminated based on best avail able technology for MSWLFs (60 FR 50942), non-hazardousindustrid
landfills (60 FR 50943), and hazardous landfills (60 FR 50935).

However, EPA has now concluded that the data collected in support of the landfills effluent limitations
guiddines providethe basisfor establishing appropriate numeric limitationsfor contaminated storm water.
EPA specificdly noted in the Preamble for the stcorm water MSGP that it was devel oping these guiddines
and that where the guidelines applied to discharges, facilities must comply with them (60 FR 50942). In
addition, EPA intends to propose areissuance of the storm water M SGP which would include the

promulgated landfillseffluent limitationsfor contaminated Sorm water (as defined by thislandfill guiddine).



212 Exclusion for Captive Landfill Facilities

Asdiscussed in Section 2.3 above, the rule does not apply to captive landfillsin most circumstances. In
devel oping the proposed guidelines, an important question EPA addressed was how to treat landfill
leachate generated at alandfill that is associated with an industrial or commercia operation -- so-called
“captive’ landfills. Currently, in the case of wastewater sources that are not subject to effluent limitations
guidelinesand stlandards, NPDES permit writersmust imposelimitationson dischargesof thesewastewater
sources that are devel oped on a case-by-case, best professiona judgment (BPJ) basis. Similarly, an
indirect discharger may not introduce any pollutantsto aPOTW from these sources that will passthrough
or interfere with the POTW’ s operations. Generally, each POTW isrequired to develop a pretreatment

program and enforce the prohibition on pass through and interference through specific local limits.

EPA initidly consdered development of effluent guidelinesto address any landfill discharging directly to
surfacewatersof the United States or introducing pollutantsinto aPOTW. Consequently, EPA’ stechnica
evauationfor theproposal included an assessment of virtudly al landfill facilitieswhich collect wastewater
asaresult of landfilling operations. EPA proposed to exclude wastewater dischargesfrom captive landfills
located at industrial facilitiesin specific circumstances. Inthe proposal, acaptivelandfill would not have
been subject to the guidelinesif: 1) it commingled landfill process wastewater with non-landfill process
wastewater for treatment, and 2) the landfill received only waste generated on Site or waste generated from

asimilar activity at another facility under the same corporate structure.

For thefind rule, EPA determined that these requirements are too redtrictive and therefore the Agency has
decided not to include captive landfills within the scope of this guideine except in alimited number of
circumstances. Theeffect of thisdecision for thefinal ruleisnot to alow these wastewater sourcesto
escape treatment. Landfill wastewater at captivefacilitiesisand will remain subject to treatment and
controls on its discharge. The Clean Water Act (CWA) requires wastewater discharges to meet
technol ogy-basad effluent limitations on the discharge whether the mechanism for imposing theselimitations
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iSEPA-established nationd effluent limitationsguideinesor apermit writer’ simposition on acase-by-case
basis of BPJ limitations. In like manner, in order to prevent pass through or interference, indirect
dischargersmust limit their introduction of pollutantsto aPOTW whether EPA has established national
categorical pretreatment standards for the discharge or a POTW has established local limits.

For thefind rule, EPA hasmodified the proposd to removethe requirement that afacility must commingle
itswastewater from a captive landfill with thefacility’ snon-landfill process wastewater for trestment in
order not to be subject to the landfills effluent guiddine, in most circumstances. For the reasons described
in detail below, EPA did not remove the commingling requirement for CWTs. In addition, EPA also
changed the conditions under which captive landfills may accept off-stewastesand not be subject to this
guideline.

Inthe proposd, EPA sated that the commingling requirement ensuresthat wastewater from captive landfills
will undergo adequate treatment (treatment that is comparable to the level of treatment that would be
required by thelandfills effluent guideline) prior to discharge. EPA determined that the commingling of
landfill wastewater with industria wastewater for trestment was an unnecessary requirement to imposein
nationally applicable regulations for the reasons discussed below. Permit writers are establishing
appropriatelimitson thesedischargesby ether gpplying the effluent limitationsguiddines applicableto the
associated indusgtrid activity to the discharge or developing other BRI limitations. EPA recommends that

permit writers use this guideline when devel oping these BPJ limitations.

From the information devel oped by the Agency for this rulemaking and confirmed by comments on the
proposal, EPA hasconcluded that landfill wastewater generated by captivelandfillsoperated in conjunction
with and receiving the bulk of their waste from anindustrial or commercia operationwill haveasimilar
pollutant profile to the wastewater generated in theindustrial or commercia operation. EPA hasfurther
concluded that thewastewater generated by landfill operationsat most of the captivefacilitiesaredready
subject to effluent guidelines. Inthe circumstancesin which thewastewater isnot expressly subject to

effluent guidelines, EPA has determined that permit writers generally impose BPJ limitations on the
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discharge of landfill wastewater that are ssimilar to the limitations applicableto the discharge of industrid
process wastewater whether commingled or not. EPA has compared the wastewater treatment
technologies employed a many of theindudtrid facilities operating landfillsin conjunction with indudtrid or
commercia operationsto the trestment technol ogiesthat EPA used asthe basisfor the BPT/BAT limits
inthiseffluent guiddine. The Agency’ sreview of such Stuaionsshowsthat thelandfill wastewater receives
treatment that is comparable or better than the level of treatment that would be required by the landfills
effluent guideline.

Consequently, EPA hasdecided to diminatetherequirement of commingling asaconditionfor acaptive
landfill not to be subject to landfill limitations and standards (except in the case of CWTS). EPA has
concluded that landfill wastewater at captive landfillsis now and will continue to receive adequate trestment
because the landfill wastewater generally must meet the same effluent limitations that would have been
required had the waste streams been commingled. In cases where the permit writer is establishing BPJ
limitationsfor the discharge of captivelandfill wastewater that isnot commingled for treatment, the permit
writer should ook at the effluent gui delinesgpplicableto the associated industria operationandthelandfills

effluent guidelines for potential guidance in setting those limitations.

Because of the nature of most CWTSs, EPA determined that the reasons that generdly supported excluson
of other captive landfillswould not gpply inthe case of CWTs.  Asexplained above, EPA concluded that
acaptive landfill which only received wastes generated in an industrial or commercial operation directly
associated with thelandfill or smilar wasteswould generatealeachatewith asimilar pollutant profiletothe
other wastewater streams produced at theindustria operation. In such circumstances, the datareviewed
by EPA showed that the landfill wastewater and other industrial wasteweter are generaly commingled for
treatment and subject to the samedischargelimitations. I1nthesecircumstances, it was appropriate not to

subject the landfill to this guideline.

2-12



BecauseaCWT, by itsvery nature, may generateawide array of different solid wastesfor landfill disposd,
it may generate aleachate that varies Sgnificantly from other streamsbeing treated at the CWT at thetime
theleachateiscollected. Therefore, EPA concluded that the basisfor the exclusion -- the similarity in
wadtewater -- would not necessarily apply in the case of CWTs. EPA decided that, in order to ensure that
the CWT landfill wastewater istreated adequatdly, the landfill wastewater from a CWT landfill should be
commingled with other CWT wastewater for treatment.

Itisworth noting that the mgjority of industrial facilitiesthat operate captivelandfillsdo commingletheir
landfill process wastewater with other industrial wastewater for treatment. (February 6, 1998; 63 FR
6430). A review by EPA of individual NPDES permitsfor captive and intracompany facilitiesfound thet,
for the most part, landfill waste streams are mixed with categorical wastes and subject to limitations

comparable to the final limitations for landfills.

Most captivelandfill facilities chooseto commingletheir landfill processwastewater for treatment for
severd reasons. Firg of dl, wastewater flowsfrom captive landfillsare usudly quite smal in comparison
to thewastewater flowsfrom other industrial operationsat the captivefacility. EPA’sdatashow that the
landfill wastewater flows are often less than one percent and typically less than three percent of the
industrial wastewater flows. Therefore, most facilitieschooseto commingletherdatively smal volume of
landfill wastewater withthelarger industrial wastewater volumesrather than maintaining and operatinga
completely separate wastewater trestment system for thelandfill wastewater. Second, asmentioned above,
itislikely that leachate from landfillsat industrial operationswill reflect apollutant profile similar to the
facility’ sindustrial processwastewater. Therefore, based onthesimilarity of thewaste streams, facilities
often chooseto comminglethese streamsfor treatment. Infact, most of the captivefacilitiesidentifiedin
EPA’s database commingle their leachate with other industrial process wastewater for treatment.
Comments submitted in response to the proposed rule suggest that situations do exist where acaptive
landfill may not commingle the landfill wastewater with other process wastewater for treatment. In

circumstanceswhere afacility chooses not to comminglelandfill leachate for treatment with the other
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process wastewater generated, EPA has concluded, based on comments submitted, that thiswastewater
will still be subject to categoricd or Best Professiond Judgment (BPJ) limitsreflecting comparable removas

in most instances.

Ladlly, indugtrid facilitieswith captive landfills often choose to commingle their waste sreamsfor trestment
inorder to avoid additional NPDES or pretreatment requirementsthat would be necessary if thewaste
sreamsweretreated and discharged separately. EPA concluded that the wastewater generated by landfill
operations at most of the captive facilities are already subject to categorical effluent limitations (or
pretreatment standards). |nformation gathered by EPA prior to proposa and in commentsreceived on the
proposed rule support the conclusion that these wastewater flows were either assessed and evaluated for
the effluent limitations guiddline applicableto thefacility, or aresubject to a“building block approach” (for
directs) or the* combined waste stream formula’ (for indirects) for devel oping BPJlimits or standards
established by the permit writer or local control authority. Thisreview indicates that, for the most part,
these landfill waste streams are mixed with categorical wastesfor treatment and subject to limitations

comparable to the final landfill regulation.

Based on commentsreceived, the Agency aso determined that the requirement in the proposal that solid
wagtes deposited in the captive landfill must either be generated on site or from an off-sitefacility under the
same corporate structure wastoo restrictive and coul d often prohibit acompany from safely and properly
disposing of solid wastesaccepted from tolling, remediation, product stewardship, and public service

activities.

Intheproposal, EPA narrowly limited the universe of captivelandfillsthat fal outsdethe scopeof thisrule
to captivelandfillsthat only accepted wastesfrom on siteor from off-stefacilities under the same corporate
dructure. Thereason for thiswasessentidly to ensure that the captive landfillswere only accepting wastes
that would be similar to those wastes generated on site. Thisin turn would provide some degree of

assurance that the leachate generated from these wastes would be compatible with the on-site industria
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wastewater treatment. However, from the comments submitted on thisissue, EPA determined thiswaste
acceptance criterion for the captive excluson wastoo redrictive. Those commenting on thisissueidentified
severa waste acceptance practices that are commonly used by captive landfills that would not meet the
proposed exclusion criteriabut are consistent with EPA’ s objective that landfill leechate receive treetment
compatiblewith itsexpected congtituents. Many of these current waste disposal practicesare activitiesthat
EPA encouragesand, therefore, EPA hasrevised theexclusion criteria pertaining to waste acceptancefor

captive/intracompany landfills in order to accommodate these disposal practices.

Specificdly, severad commenters requested that EPA broaden the criteriafor determining those captive
landfills that fall outside the scope of this rule to include waste acceptance from tolling and contract
manufacturers, product stewardship, company partnerships, and remediation activities. EPA concluded
that wastedisposa at captivelandfillsfrom thesetypesof activitieswill, in most cases, result inleachatethat
will be adequately controlled through theimplementation of categorical or BPJlimitationsat thefacility.
However, EPA remains concerned that there are circumstancesin which inter-company waste products
deposited in the landfill may result in contaminants in the leachate that may not be compatible with the
exiging industria wastewater trestment system or may not be covered adequately by theexigting indudtria
effluent guideline. Therefore, oneof thedternative conditionsfor the revised applicability provisionsof the
guiddine described above for captive landfills provides that waste accepted at the captive landfill must be
of asmilar natureto the wastes generated at the operation with the associated landfill. Thus, the permitting
authority must determinethat wastes accepted for disposd at acaptivelandfill are of asmilar natureto the
waste generated at the facility directly associated with the captive landfill. Factorsthat the permit writer

should consider in determining whether awaste is similar are described at Section 2.13.

In addition, commenters a o requested that EPA include the acceptance of wastesfor disposal asapublic
service as a category of landfill practicesthat qualify for the captive exclusion. EPA agrees and has
included such aprovison. EPA gpplauds the efforts of manufacturing facilities who provide members of

their communities with a cost effective and environmentally safe meansfor digposing of their solid waste.
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Therefore, inthefinal rule, EPA determined that thisrule shall not apply to those landfills operated in
conjunction with other industria or commercia operationswhich receive other wastesfrom public service
activities so long asthe company owning the landfill does not receiveafee or other remuneration for the
disposal service. EPA’ sdecision not to subject captivelandfill sthat accept off-sitewastesfor disposa as
apublic serviceisnot incons stent with itsdecision generdly to condition non-gpplicability onthe smilarity
of wastesaccepted for disposal. Based onitsreview of datacollected for this guideline and comments
received, EPA concluded that the quantity of wastes accepted for disposal asa public service would not
inany measurableway affect the pollutant profile of theleachate generated by thelandfill evenif dissmilar.
Of course, these wastewater flows still remain subject to trestment to achieve BPJ permit limitsreflecting

the landfill contribution to the facility discharge.

The Agency hasdetermined that whether captivelandfillsaccepting wastesfrom off steor from acompany
not within the same corporate structure on anon-commercia basisshould besubject to thelandfillseffluent
guiddline should hinge onthe ability of the captivelandfill to handle the waste in an appropriate manner.
Therefore, the Agency concluded that thewaste acceptance criterion for determining those captive landfills
that fall outside the scope of thisrule should be based on the similarity of the waste accepted for disposal
from another facility to thewaste generated by theindustrial or commercia operation directly associated
withthelandfill. Inthecaseof captivelandfillstreating S milar wastes, the permit writer should base permit
limitson limitationsfor the guiddinetowhichtheindustria or commercia operation issubject or establish
BPJlimitations. Again, thepermit writer, if developing BPJlimitations, should consider these landfill

guidelines as guidance in this effort.

2.13 Determination of Similar Wastesfor Captive Landfill Facilities

Asdiscussed at Sections2.3 and 2.12 above, the Agency concluded that dischargesfrom captivelandfills
should not be subject to the guiddinesif the captive landfills only accepted wastefor disposa from another
facility that wassmilar to thewaste generated by theindustrial or commercia operation directly associated

with the landfill. This section offers guidanceto permit writersfor determining whether asolid waste
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received for disposal in acaptive landfill is similar to those wastes generated by the facility directly
associated with the landfill.

According to EPA’ sdatabase, many of theindustrial or commercia facilitiesthat operate captive landfills
are subject to effluent limitations guiddinesin 40 CFR Subchapter N. For the most part, facilities subject
to aparticular industrial category effluent guideline produce similar types of wastes. Therefore, EPA
decided that thisrule doesnot apply to landfillsoperated in conjunction with other industria or commercid
operationswhen thelandfill receiveswastes generated by theindustrial or commercia operation directly
associated with the landfill and dso recelves other wastes generated by afacility that issubject to the same
provisionsin 40 CFR Subchapter N asthe waste-receiving facility. However, there are caseswherea
captive landfill isdirectly associated with anindustrial or commercia operation that is not subject to an
effluent guideline. Or, afacility, subject to an effluent guideline, may operatealandfill in conjunction with
industria or commercia operations, but may a so accept other wastes from facilities that are not subject
to the same effluent guiddline or not subject to an effluent guiddineat dl. Inthese cases, the permit writer
must determine whether the other wastesreceived for disposd are of smilar nature to thewastes generated
by theindustrial or commercia operation directly associated with thelandfill. Incaseswherethe permit
writer determines that the other waste accepted by the captive landfill is not smilar to the waste generated
by theindustrid or commercia activity directly associated with thelandfill, the landfill wastewater will be
subject to the landfills effluent limitations. However, if the permit writer determines that the wastes are
smilar, then the wastewater from the captive landfill should be subject to the same categorical effluent

guideline (or BPJ limitations) as the industrial or commercial facility.

A permit writer should consider the following factorsin deciding whether other wastes received by a
captivelandfill aressimilar to those wastes generated by theindustrial or commercial operation directly
associated with the landfill:

1. Aretheother wastesreceived from facilitiesthat are subject to the same provisionsin 40 CFR
Subchapter N as the facility directly associated with the captive landfill?
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If 0, then the landfills effluent guidelines do not apply to this captive landfill. 1f not, then
the permit writer should consider the other factors listed below.

2. Aretheother wastesreceived from facilitiesthat are part of the same effluent guidelines* grouping”
as shown in Table 2-3?

If 0, itislikely that thewastesare smilar and thelandfill s effluent guidelines do not apply.
Table 2-3 groups the industrial categories under Subchapter N into the following six
groups: Organics, Metals, Inorganics and Non-Metals, Pesticides, Explosives, and
Asbedtos. Itislikey that industrieswithin the sameindudtrid effluent guiddine* grouping”
will generatesmilar typesof congtituentsin the solid wastes, and the leachate resulting from
the disposa of thesewasteswill be controlled adequately by the effluent limitation for the
industrid or commercid facility directly associated withthe captivelandfill. However, this
may not always be the case and, therefore, EPA Ieft to the local control authority the
determination of whether thelandfillseffluent guideline should apply to acaptivelandfill thet
acceptswastesfrom other facilitiesthat are not subject to the same provisonsin 40 CFR
Subchapter N. Thelocal permitting authority will determine whether acaptivelandfill
which acceptswastesfrom other industria activities, apart fromthosedirectly associated
with thelandfill, issubject to the landfills effluent guidelines based on the similarity of the
other wastes and the likelihood that these wastes will result in leachate that is compatible
with the wastewater treatment technology used to treat the landfill leachate.

3. In the case of hazardous captive landfills, do the other wastes being received have the same
hazardous waste codes as those generated at the facility directly associated with the landfill?

If 0, it ispossiblethat thewastesare similar. However, thismay not awaysbe the case
and, therefore, EPA left to thelocal control authority the determination of whether the
landfillseffluent guideline should apply to acaptive landfill that accepts wastes from other
facilities that are not subject to the same provisionsin 40 CFR Subchapter N.

4, Isasignificant portion of the waste deposited in thelandfill from theindustrial or commercia
operation that is directly associated with the captive landfill?

The control authority should analyzethe number of customers and the amount of the off-
site or inter-company waste deposited rel ative to the quantity of on-site or intracompany
waste placed in the captive landfill. Again, the main reason for the exclusion for captive
landfillsisthat their leachate should resemblethe industrial wastewater of the operation
directly associated with thelandfill and, therefore, thelandfill leachatewill be adequately
controlled by the applicableindustria effluent guidelines. However, thislogicisonly
goplicablewhen the bulk of thewaste placed in the landfill isof Smilar content to that being
produced by theindustrid facility directly associated with thelandfill. Therefore, when
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applying the captive exclusion, the control authority should analyze the volume and
characteristics of waste received from inter-company waste transfersin determining
whether theleachate generated by the captivelandfill will havesmilar characterigticstothe
industrial wastewater generated by the company owning the landfill.

5. Isthefacility that isdirectly associated with the captive landfill deriving any revenuesfromwaste
disposal at the landfill?

In devel oping the exclusion for captivelandfills, EPA’ sintent wasto exclude those non-
commercid landfillsthat aredirectly associated withanindustria or commercia operation
and whose leachateis currently being adequately addressed by thefacility’ s categorica or
BPJlimitations. EPA believes that where any revenues are being derived from the
collection of feesfor solid waste disposal at a captive landfill, the facility isaccepting
wadtes on acommercia bass- - wastesthat may well be dissmilar to that being disposed
of a thelandfill. The captiveexceptionispremised onthefact that, in most cases, leachate
from alandfill associated with an industrial operation will resemble the industria process
wastewater generated by theindustria operation and, therefore, thelandfill leachate will
be adequately controlled by the applicableindustrid effluent guiddinesor BRI limitations.
However, thisis areasonable assumption only in circumstances where the waste placed
inthelandfill isof smilar content to that being produced by theindustria operationdirectly
associated with thelandfill. 1tislikely that acommercia landfill may accept significant
volumes of waste that are not similar to the wastes generated by theindustrial operation
directly associated with the landfill.

6. Istheindustria or commercid facility directly associated with the captive landfill accepting wastes
for disposal as part of public service activities?

If 50, and the facility does not receive afee or other remuneration for the disposa service,

the captive landfill is not subject to thisrule. EPA defines public service activitiesin
Appendix B.

2-19



Table 2-1: Final Concentration Limitations for Hazardous Landfill Subcategory,

Direct Discharges

Pollutant or Maximum for 1 day Monthly average shall not exceed
Pollutant Property (mg/L) (mg/L)
BOD, 220 56

TSS 88 27

Ammonia 10 4.9

Arsenic (Total) 11 0.54

Chromium (Total) 11 0.46

Zinc (Total) 0.535 0.296

Alpha Terpineol 0.042 0.019

Aniline 0.024 0.015

Benzoic Acid 0.119 0.073

Naphthalene 0.059 0.022

p-Cresol 0.024 0.015

Phenol 0.048 0.029

Pyridine 0.072 0.025

pH Shall be in the range 6.0 - 9.0 pH units.
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Table 2-2: Final Concentration Limitations for Non-Hazardous Landfill Subcategory,

Direct Discharges

Pollutant or

Maximum for 1 day

Monthly average shall not exceed

Pollutant Property (mg/L) (mg/L)
BOD, 140 37

TSS 88 27

Ammonia 10 4.9

Zinc 0.20 0.11

Alpha Terpineol 0.033 0.016

Benzoic Acid 0.12 0.071

p-Cresol 0.025 0.014

Phenol 0.026 0.015

pH Shall bein the range 6.0 - 9.0 pH units.
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Table 2-3: Grouping of Subchapter N Effluent Guidelines and Standards

Characteristics

Industrial Category Part # Organics Metals Inorganics Pesticides Explosives Asbestos
Non-metal
Dairy products and processing 405 X
Grain mills 406 X
Canned and preserves fruits and vegetables 407 X
Canned and preserved seafood 408 X
Sugar processing 409 X
Textilemills 410 X X
Cement manufacturing 411 X X
Feedlots 412 X
Electroplating 413 X
Organic chemicals, plastics and synthetic fibers 414 X
Inorganic chemicals manufacturing 415 X
Soap and detergent manufacturing 417 X
Fertilizer manufacturing 418 X
Petroleum refining 419 X
Iron and steel manufacturing 420 X
Nonferrous metals manufacturing 421 X
Phosphate manufacturing 422 X
Steam el ectric power plants 423 X X
Ferroalloy manufacturing 424 X
Leather tanning and finishing 425 X X
Glass manufacturing 426 X
Asbestos manufacturing 427 X
Rubber processing 428 X
Timber products processing 429 X
Pulp, paper and paperboard 430 X
Builder's paper and board mills 431 X
Meat products 432 X
Metal finishing 433 X
Coa mining 434 X
Qil and gas extraction 435 X
Mineral mining and processing 436 X
Pharmaceutical preparations 439 X
Ore mining 440 X
Paving and roofing materials (tars & asphalt) 443 X X
Paint formulation 446 X X
Ink formulation 447 X
Gum and wood chemicals 454 X X
Pegticides 455 X
Expl osives manufacturing 457 X
Carbon black manufacturing 458 X
Photographic equipment and supplies 459 X
Hospital 460 X




3.0 INDUSTRY DESCRIPTION

TheLandfillsindustry consstsof facilitiesthat recelvewasteseither ascommercia or municipa operations
or ason-gte (captive) operations owned by waste generators. These landfill facilities generate wastewater
and dischargeit to surface waters, publicly owned treatment works (POTWS), or use some other form of
zeroor dternativedisposal. The Resource Conservation and Recovery Act (RCRA) definesalandfill as
“an areaof land or an excavation in which wastes are placed for permanent disposd, and that isnot aland
application unit, surface impoundment, injection well, or wastepile” (40 CFR 257.2). RCRA classifies
landfillsaseither Subtitle C hazardous or Subtitle D non-hazardous. Wastewater generated and discharged
by landfillscaninclude, but isnot limited to, leachate, gas collection condensate, contaminated ground
water, contaminated storm water, drained free liquids, truck/equipment washwater, |aboratory-derived

wastewater, and wastewater recovered from pumping wells.

Landfillsare commonly classified by the types of wastes they accept and/or by their ownership status.
Some of theterms used to describe alandfill include municipal, sanitary, chemical, industrial, RCRA,
hazardouswaste, Subtitle C, and Subtitle D. Although non-hazardouslandfills do not knowingly accept
hazardous wastes, these facilities may contain hazardous wastes due to disposal practicesthat occurred
prior to 1980 and before the enactment of RCRA and its associated regulations. The following section

provides descriptions of landfillsin terms of ownership type and regulatory type.

Ownership Status

* Municipal: Municipally-owned landfills are those that are owned by local governments.
Municipaly-owned landfills may be designed to accept either Subtitle D or Subtitle
C wastes (see “Regulatory Type”).

C Commercial: Commercid landfillsare privately-owned facilitiesand can be designed to receive
either municipal, hazardous, or non-hazardousindustrial wastes. Typical non-
hazardousindudtrid wastesinclude packaging and shipping materids, construction
and demolition debris, ash, and sludge.



C Captive:

C Intra-company:

Requlatory Type

C Subtitle C:

C Subtitle D:

Captivelandfillsare operated in conjunction with other industrial or commercia
operations, and receive the bulk of their wastesfrom the industria or commercid
operations. Captivelandfillsarelocated on, or adjacent to, thefacility they service
and are common at major hazardous waste generators, such as chemical and
petrochemica manufacturing plants.

Landfill facilities operated in conjunction with other industrial or commercia
operations which only receive waste from off-site facilities under the same
corporate structure, ownership, or control. These landfillsare smilar to captive
sites but receive wastes from multiple locations of one company.

Subtitle C landfills arethose disposal operations authorized by RCRA to accept
hazardouswastes asdefined in 40 CFR Part 261. Subtitle C landfillsare subject
to the criteriain 40 CFR Part 264 Subpart N - Standards for Owners and
Operatorsof Hazardous Waste Treatment, Storage, and Disposal Facilitiesand
40 CFR Part 265 Subpart N - Interim Standards for Owners and Operators of
HazardousWaste Treatment, Storage, and Disposal Facilities. Hazardouswaste
landfillsare subject to requirements outlined in 40 CFR Parts 264 and 265 that
include the requirement to maintain aleachate collection and removal systems
during the activelife and post-closure period of thelandfill. Section 3.1 presents
more details on the regulatory requirements of Subtitle C.

Subtitle D landfills are those disposal operations that are subject to either of the
criteriaestablished in 40 CFR Parts 257 (Criteriafor Classification of Solid Waste
Disposal Facilities and Practices) or 258 (Criteriafor Municipal Solid Waste
Landfills). Thewastesrecaived a Subtitle D landfillsinclude municipd refuse, ash,
dudge, construction and demolition debris, and non-hazardousindustria waste.
Thesefacilitieswerenot designed to recel ve hazardouswastes; however, prior to
1980 and the enactment of RCRA, older landfills may have received waste | ater
classfied ashazardousunder RCRA. Any Subtitle D landfill accepting municipal
refuse after October 9, 1993 isclassified asaMunicipd Waste Disposa Unit, and
isregulated under 40 CFR 258. Any Subtitle D landfill not accepting municipa
waste after October 9, 1993 continuesto be regulated under 40 CFR 257. For
the purposes of this document, Subtitle D landfills not accepting municipa refuse
arereferred to as “ Subtitle D non-municipal” landfills.

The following discussions present aregulatory history of thisindustry and past EPA studies.



31 Regulatory History of the LandfillsIndustry

Depending on the type of wastes disposed of at alandfill, the landfill may be subject to regulation and
permitting under either Subtitle C or Subtitle D of RCRA. Subtitle C facilitiesrecelvewastesthat are
identified or listed as hazardous wastes at 40 CFR Part 261. Subtitle D landfills can only accept wastes
that are not defined as hazardous wastes at 40 CFR Part 261. Thefollowing sections outline some of the
key regulationsthat have been devel oped to control the environmental impactsof Subtitle C and Subtitle
D landfills.

311 RCRA SubtitleC

Subtitle C of the RCRA of 1976 directed EPA to promulgate regul ationsto protect human healthand the
environment from the improper management of hazardouswastes. Based on this statutory mandate, the
god of the RCRA program wasto provide comprehensive, "cradle-to-grave' management of hazardous
waste. These regulations establish asystem for tracking the disposal of hazardouswastes and specia
design requirements for landfills depending on whether alandfill accepted hazardous or non-hazardous

waste. Key statutory provisionsin RCRA Subtitle C include the following:
C Section 3001: Requires the promulgation of regulations identifying the characteristics of
hazardous waste and listing particular hazardous wastes.

C Section 3002: Requiresthe promulgation of standards, such as manifesting, record keeping, €tc.,
applicable to generators of hazardous waste.

C Section 3003: Requiresthe promulgation of standards, such as manifesting, record kegping, €tc.,
applicable to transporters of hazardous waste.

C Section 3004: Requiresthe promulgation of performance sandardsapplicableto the ownersand
operators of facilities for the treatment, storage, or disposal of hazardous waste.

C Section 3005: Requires the promulgation of regulations requiring each person owning or
operating atreatment, storage, or disposal facility to obtain a permit.



Theseregulations establish asystem for tracking the disposal of hazardous wastes and performance and
design requirementsfor landfills accepting hazardouswaste. Under RCRA, requirementsareinitialy
triggered by adetermination that awasteis hazardous as defined in 40 CFR Part 261. Any party, including
theoriginal generator, that treats, stores, or disposes of ahazardouswaste must notify EPA and obtain an
EPA identification number. EPA established performance regulations governing the operation of hazardous
waste landfills at 40 CFR Parts 264 and 265. RCRA Subtitle C hazardous waste regulations apply to
landfills that presently accept hazardous wastes or have accepted hazardous waste at any time after

November 19, 1980.

3111 Land Disposal Restrictions

The Hazardous and Solid Waste Amendments (HSWA) to RCRA, enacted on November 8, 1984, largely
prohibit the land disposd of untreated hazardouswastes. Once a hazardous waste s prohibited from land
disposal, the statute provides only two optionsfor legal land disposal: 1) meet the EPA -established
treatment standard for the waste prior to land disposd, or 2) dispose of thewaste in aland disposal unit
that has been found to satisfy the statutory no-migration test. A no- migration unit isonefrom which there

will beno migration of hazardous congtituentsfor aslong asthe waste remains hazardous. (RCRA Sections

3004 (d),(€),(9)(9))-

Under Section 3004 of RCRA, the treatment standards that EPA devel ops may be expressed as either
constituent concentration levels or as specific methods of treatment. Under RCRA Section 3004(m)(1),
the criteriafor these standards is that they must substantially diminish the toxicity of the waste or
subgtantialy reducethelikelihood of migration of hazardous congtituentsfrom the waste so that short-term
and long-term threatsto human health and the environment areminimized. For purposesof theredtrictions,
theRCRA program definesland disposd toinclude, among other things, any placement of hazardouswaste
in alandfill. Land disposal restrictions are published in 40 CFR Part 268.



EPA hasused hazardouswaste treatability dataasthe basisfor land disposal restrictions standards. EPA
hasidentified Best Demonstrated Available Treatment Technology (BDAT) for each listed hazardous
waste. BDAT isthetreatment technology that EPA findsto bethe most effectivein treating awaste and
that also isreadily availableto generators and treaters. 1n some cases, EPA hasdesignated asBDAT for
aparticular waste stream atreatment technology shown to have successfully treated asimilar but more
difficult totreat waste stream. Thisensured that theland disposal restrictions standardsfor alisted waste
stream were achievable since they aways reflected the actud treatability of the waste itself or of amore

refractory waste.

As part of the Land Disposal Restrictions (LDRs), EPA promulgated Universal Treatment Standards
(UTYS) aspart of the RCRA phase two fina rule (July 27,1994). The UTS are aseries of concentrations
for wastewater and non-wastewater that provide a single treatment standard for each constituent.
Previoudy, the LDR regul ated congtituents according to theidentity of theorigina waste; thus, several
numerical treatment standards existed for each constituent. The UTS simplified the standards by having
only onetreatment standard for each congtituent in any wasteresidue. The LDR andthe UTSrestricted
the concentrations of wastesthat could be disposed of inlandfills, thusimproving the environmenta quality

of the leachate from landfills.

The LDR treatment standards established under RCRA may differ from the Clean Water Act effluent
guidelines both in their format and in the numerica vaues set for each condtituent. The differences result
fromtheuseof different legal criteriafor developing thelimitsand resulting differencesin thetechnica and
economic criteria and data sets used for establishing the respective limits.

Thedifferencein format of the LDR and effluent guidelinesisthat LDR establishesasingledaily limit for
each pollutant parameter while effluent guidelines establish monthly and daily limits. Additionaly, the
effluent guiddines providefor severa types of discharge, including new and existing sources, and indirect

and direct discharge.



The differencesin numerica limits established under the Clean Water Act may differ, not only from LDR
and UTS, but a so from point-source category to point-source category (e.g., Electroplating, 40 CFR 413;
and Metd Finishing, 40 CFR433). Theeffluent guiddineslimitationsand sandards are industry-specific,
subcategory-specific, and technology-based. Thenumerica limitsaretypically based on different datasets
that reflect the performance of specific wastewater management and treatment practices. Differencesin
thelimitsreflect differencesin the following statutory factorsthat the Administrator isrequired to consider
in developing technically and economically achievable limitations and standards. manufacturing products
and processes (which for landfills involves types of waste disposed), raw materials, wastewater
characteridtics, treatability, facility Sze, geographic location, age of facility and equipment, non-water quality
environmental impacts, and energy requirements. A consequence of these differing approachesisthat
similar or identical waste Streams areregulated at different level s dependent on the receiving body of the
wastewater (e.g. a POTW, a surface water, or aland disposal facility).

3.11.2 Minimum Technology Requirements

To further protect human health and the environment from the adverse affects of hazardous waste disposed
of inlandfills, the 1984 HSWA to RCRA established minimum technology requirementsfor landfills
receiving hazardous waste. These provisions required the installation of double liners and |eachate
collection systemsat new landfills, at replacementsof existing units, and at lateral expansionsof existing
units. TheAmendmentsal so required dl hazardouswastelandfillstoinstall ground water monitoringwells
by November 8, 1987. Performanceregulationsgoverning the operation of hazardouswastelandfillsare
included at 40 CFR Parts 264 and 265.

312 RCRA SubtitleD

L andfills managing non-hazardouswastes are currently regulated under the RCRA Subtitle D program.
Theselandfillsincludemunicipal, privateintra-company, private captive, and commercid facilitiesused for
the management of municipal refuse, incinerator ash, sewage sludge, and a range of non-hazardous

industrial wastes.



3121 40 CFR Part 257, Subpart A - Criteriafor Classification of Solid Waste Disposal
Facilities and Practices

EPA promulgated the criteria on September 13, 1979 (44 FR 53460) under the authority of RCRA
Sections 1008(a) and 4004(a) and Sections 405(d) and (e) of the Clean Water Act. The criteriain
§257.1 through 257.4 were adopted for determining which solid waste disposd facilitiesand practices pose
areasonable probability of adverseeffects on hedth and the environment, and the criteriain 8257.5 through
257.30 were adopted to ensure that non-municipal non-hazardous waste disposal units that receive
conditionaly exempt small quantity generator (CESQG) waste do not present risksto human health and
the environment taking into account the practicable capability of such units. Thesecriteriagpply toall solid
wastedisposal facilitiesand practices. However, certain facilitiesand practicesare not covered by the
criteria, such asagriculturd wastes returned to the soil asfertilizers or soil conditioners, overburden resulting
from mining operationsintended for return to the mine Site, land application of domestic sewage or treated
domestic sewage, thelocation and operation of septic tanks, hazardouswaste disposal facilitieswhichare
subject to regulationsunder RCRA Subtitle C (discussed above), municipa solid wastelandfillsthat are
subject to the revised criteriain 40 CFR Part 258 (discussed below), and use or disposal of sewage dudge
on the land when the sewage dudge is used or disposed of in accordance with 40 CFR Part 503 (See 40
CFR Part 257.1(c)(1) - (11)).

The criteriainclude genera environmental performance standards addressing the following eight mgjor
areas. flood plains, protection of endangered species, protection of surfacewater, protection of ground
water, limitations on the land application of solid waste, periodic application of cover to prevent disease
vectors, air quality standards (prohibition against open burning), and safety practices ensuring protection
from explosive gases, fires, and bird hazardsto airports. Facilitiesthat fail to comply with any of these
criteriaare considered open dumps, which are prohibited by RCRA Section 4005. Those facilitiesthat
meet the criteriaare considered sanitary landfills under RCRA Section 4004(a). Landfill wastewater
generated at solid waste disposdl facilitiesthat are subject to the requirements of 40 CFR Part 257 Subpart

A are subject to the effluent limitations for the Non-Hazardous subcategory.



3122 40 CFR Part 257, Subpart B - Conditionally Exempt Small Quantity Generator
Revised Criteria

A conditionally-exempt small-quantity generator isgenerally defined asonewho generatesno morethan
100 kilograms of hazardouswaste per month in acalendar year (40 CFR 261.5(a)). Such conditionally-
exempt small-quantity generators (with certain exceptions) are not subject to RCRA Subtitle C
requirements. However, on July 1, 1996, EPA did thefollowing: (1) anended Part 257 to establish criteria
that must be met by non-municipal, non-hazardous solid waste disposal unitsthat receive conditionally-
exempt smal-quantity generator wasteand (2) established separate management and disposal standards
(in40 CFR 261.5(f)(3) and (g)(3)) for thosewho generate conditional ly-exempt small-quantity generator
waste (see 61 FR 342169). The conditional ly-exempt small-quantity generator revised criteriafor such
disposal unitsincludelocation standards, ground water monitoring, and corrective action requirements.
Landfill wastewater generated at solid waste disposal facilitiesthat are subject to the requirements of 40
CFR Part 257 Subpart B are subject to the effluent limitations for the Non-Hazardous subcategory.

3.1.2.3 40 CFR Part 258 Revised Criteria for Municipal Solid Waste L andfills

On October 9, 1991, EPA promulgated revised criteriafor municipa solid waste landfillsin accordance
with the authority provided in RCRA Sections 1008(a)(3), 4004(a), 4010 (c) and Clean Water Act
(CWA) Sections405(d) and (€) (see 56 FR 50978). Under the terms of these revised criteria, municipa
solid waste |andfills are defined to mean adiscrete area of land or an excavation that receives household
wadte, and isnot aland application unit, surface impoundment, injection well, or waste pile, asthoseterms
aredefined in 40 CFR 257.2 and 258.2. 1n addition to household waste, amunicipa solid waste landfill
unit also may receive other types of RCRA Subtitle D wastes, such as commercia solid waste, non-
hazardous dudge, and industria solid waste. Such alandfill may be publicly or privately owned. A
municipa solid waste landfill unit may be anew unit, existing municipa solid waste landfill unit, or alaterd

expansion.



Themunicipa solid waste landfill revised criteriaincludelocation andards (Subpart B), operating criteria
(Subpart C), design criteria (Subpart D), ground water monitoring and corrective action (Subpart E),
closureand post-closure carecriteria(Subpart F), and financia assurance requirements (Subpart G). The
design criteriagpecify that new municipa solid waste landfill unitsand lateral expansionsof existing units
(asdefined in Section 258.2) must be constructed in accordance with either (1) adesign gpproved by a
Director of a State whose municipa solid waste landfill permit program has been approved by EPA and
which satisfies a performance standard to ensure that unacceptable levels of certain chemicals do not
migrate beyond a specified distance fromthe landfill (Sections 258.40(a)(1), (c), (d), Table 1) or (2) a
composite liner and a leachate collection system (Sections 258.40(a)(2), (b)). The ground water
monitoring criteriagenerally require ownersor operators of municipa solid waste landfillsto monitor ground
water for contaminantsand generally implement acorrective action remedy when monitoring indicatesthat
aground water protection standard has been exceeded. However, certain small municipal solid waste
landfillslocated in arid or remote locations are exempt from both design and ground water monitoring
requirements. Theclosure standardsrequirethat afinal cover beinstalled to minimizeinfiltration and
erosion. The post-closure provisons generaly require, among other things, that ground water monitoring
continueand that theleachate coll ection system be maintained and operated for 30 yearsafter themunicipa
solid waste landfill isclosed. The Director of an approved State may increase or decrease the length of

the post-closure period.

Again, asisthe case with solid waste disposal facilitiesthat fail to meet the requirementsin 40 CFR Part
257, Subpart A, municipd solid waste landfillsthat fail to satisfy the revised criteriain Part 258 condtitute
open dumps and are therefore prohibited by RCRA Section 4005 (40 CFR 258.1(h)). Landfill wastewater
generated at solid waste disposal facilities (i.e., municipal solid waste landfills) that are subject to the
requirementsin 40 CFR Part 258 are subject to the effluent limitationsfor the Non-Hazardous subcategory.

3.1.3 Current Wastewater Regulations

Prior to thisregulation, EPA had not promulgated nationa effluent limitations guidelinesfor the discharge
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of wastewater from the Landfillsindustry. Intheabsence of these guidelines, permit writers have had to
rely on acombination of their own best professional judgement (BPJ), water quality standards, and
technology transfer from other industria guiddinesinsetting permit limitationsfor landfillsdischarging to
surfacewaters. In addition, local control authorities also have had to rely on their own best professional
judgement, pass-through analyses, and other local factors in establishing pretreatment standards for the
discharge of landfill wastewater to their municipal sewage systems and POTWSs.

In1989, EPA completed apreiminary study of theLandfillsindustry. Inareport entitled " Preliminary Data
Summary for the Hazardous Waste Treatment Industry,” EPA concluded that wastewater dischargesfrom
landfills can be asignificant source of toxic pollutants being discharged to surface watersand POTWS. In
aconsent decree between NRDC and EPA, dated January 31, 1992, EPA agreed, among other things,
to propose effluent guiddinesfor the Landfillsand Industriad Waste Combusters’ category by November
1997 and final action by November 1999.

3.2 Industry Profile

The growth of the Landfillsindustry isadirect result of RCRA and subsequent EPA and State regulations
that establish the conditions under which solid waste may be disposed. Theimplementation of the increased

control measures required by RCRA has had a number of ancillary effects on the Landfills industry.

The RCRA requirements have affected the Landfillsindustry in different ways. Onthe one hand, it has
forced many landfillsto close because they lacked adequate on-site controlsto protect against migration
of hazardous congtituents from the landfill, and it was not economical to upgradethe landfill facility. Asa
result, alarge number of landfills, especidly facilities serving smdl populations, have closed rather thanincur

the significant expense of upgrading.

Conversdly, large landfill operations have taken advantage of economies of scale by serving wide

geographicareasand accepting anincreasing portion of the nation’ ssolid waste. For example, responses
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to the EPA’ sWaste Treatment Industry Survey indicated that 75 percent of the nation’ s municipa solid
waste is deposited in large landfills representing only 25 percent of the landfill population.

EPA hasidentified several trendsin thewaste disposa industry that may increasethe quantity of leachate
produced by landfills. More stringent RCRA regulations and the restrictions on themanagement of wastes
haveincreased the amount of waste disposed a |andfillsaswell asthe number of facilitieschoosingto send
wadtes off Steto commercia facilitiesin lieu of pursuing on-site management options. Thiswill increase
treated | eachate discharges from the nation’ slandfills, thus, potentialy putting at risk theintegrity of the
nation’ swaters. Further, asaresult of the increased number of leachate collection systems, the volume of

leachate requiring treatment and disposal has greatly increased.

321 Industry Population

Indeveloping theinitid landfill population to be studied for thisregulation, EPA used various sourcessuch
as State environmentd and solid waste departments, the National Survey of Hazardous Waste Treatment,
Storage, Disposal, and Recycling Facilities respondent list, Environmental Ltd.’s“1991 Directory of
Industrial and Hazardous Waste Management Firms’, and other sources discussed in Chapter 4. EPA
identified 10,477* landfill facilitiesastheinitial landfill population in the United Statesin 1992. Of this
group, 9,882 were Subtitle D non-hazardouslandfillsand 595 were Subtitle C hazardouslandfills. Table
3-1 presentsthe total number of landfill facilitiesby statein EPA’smailing list database. EPA solicited
technical information from asample of thisinitia population viascreener surveys, and the Agency sent
Detailed Technicad Questionnairesto astatistica sampleof the screener survey respondents. A tota of 252
landfill facilitiesrecelved Detailed Technica Questionnairesand 220 facilitiesresponded with sufficient
technical datato beincluded in the questionnaire database. Chapter 4, Section 4.3 presents adetailed

discussion of screener survey and Detailed Questionnaire strata.

1 Theinitial landfill population of 10,477 does not include one pre-test facility which was included as a

screener survey respondent.
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Because EPA only sent Detailed Technical Questionnairesto astatistical sampleof theinitial industry
population, the Agency scaled up theinformation provided by questionnaire respondentsto represent the
entire Landfillsindustry. By matching up the screener survey stratum with the Detailed Technical
Questionnaire stratum, EPA cal culated aweighting factor for each questionnaire respondent and scaled up
any data provided by the respondent by thisfactor. Therefore, throughout this chapter, EPA presents
national estimates based on the Detailed Technical Questionnairerespondents’ datascaled up by their
individua weighting factors. The Agency based the nationd estimates presented in thetabl esin thischapter
on all 220 facilitiesincluded in the questionnaire database. Figure 3-1 presentsthe logic used for the
development of thenational estimates. EPA presentsthe methodology for cal culating national estimates
in the Final Statistical Development Document for the Landfills Industry (EPA-821-B-99-007).

322 Number and L ocation of Facilities

Many of thelandfill facilities presented in Table 3-1 do not generate and/or collect wastewater that is
subject to thisregulation. Landfill generated wastewater subject to thisregulation includes|eachate, gas
collection condensate, truck/equipment washwater, drained free liquids, laboratory-derived wastewater,
floor washings, and contaminated stormwater. Non-contaminated storm water, contaminated ground

water, and wastewater from recovering pumping wells are not subject to this regulation.

Nationd estimatesof the Landfillsindustry indicatethat only 1,662 of thetota population of landfill facilities
collect landfill generated wastewater. EPA limited itssurvey of theindustry to thosefacilitiesthat collect
landfill generated wastewater, or about 16 percent of thetotal number of landfillslocated inthe U.S. Table
3-2 presentsthe Subtitle D and Subtitle Clandfillsthat collect landfill generated wastewater by ownership
type. Thenational estimatesfor theindustry indicate that approximately 43 percent of theselandfillsare
municipally-ownedfacilities, 41 percent are commercially-owned, and 13 percent arenon-commercial
captives. Table 3-2 also shows that the mgjority of non-hazardous landfills are municipally- or
commercidly-owned facilities, whereas hazardous landfills are primarily commercialy-owned or captive

facilities.
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3221 Captive Landfill Facilities

Based on EPA’ ssurvey of the Landfillsindustry for thisguiddine, the Agency identified over 200 captive
and intra-company facilitiesthat operated landfills. Thisrule does not apply to captive landfillsin most
circumstances. See Chapter 2 for EPA’ srationalefor not including captive landfillsunder thisguideline.

EPA’ ssurvey showed that amgjority of theselandfillswereat industrid facilitiesthat are or will be subject
to thefollowing three effluent guidelines: Pulp and Paper (40 CFR Part 430), Centraized Waste Treatment
(proposed 40 CFR Part 437, 64 FR 2280 January 13, 1999), or Organic Chemicals, Plastics and
Synthetic Fibers (40 CFR Part 414). In addition, EPA identified approximately 30 landfills subject to one
or more of thefollowing categories: Nonferrous Metals Manufacturing (40 CFR Part 421), Petroleum
Refining (40 CFR 419), Timber Products Processing (40 CFR Part 429), Iron and Steed Manufacturing
(40 CFR Part 420), Transportation Equipment Cleaning (proposed 40 CFR Part 442, 63 FR 34685 June
25, 1998), and Pesticide Manufacturing (40 CFR Part 455).

Industry supplied dataestimatesthat thereare over 118 Pulp and Paper facilitieswith on-sitelandfillsand
that over 90 percent commingle landfill leachate with process wastewater for treatment on site. The
wagtewater flow originating from landfillstypicaly representslessthan one percent of thetota flow through
the facilities wastewater treatment plant and, in no case, exceeds three percent of the treated flow.
Approximately six percent of pulp and paper mills send landfill generated wastewater toaPOTW aong

with process wastewater.

Basad on responsesto the #1992 Waste Treatment Industry: Landfills Questionnaire’, EPA estimates that
there are more than 30 facilities subject to the Organic Chemicds, Plastics, and Synthetic Fibers (OCPSF)
guideline with on-site landfills. At OCPSF facilities with on-site landfills, landfill leachate typically
represents|essthan one percent of theindustria flow at the facility, in no case exceeds six percent of the

flow, and istypically commingled with process wastewater for treatment.
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3.2.3 General Information on Landfill Facilities

EPA egtimatesthat landfill facilitieslocated throughout the U.S. cover approximately 726,000 acresof land
area, 20 percent of whichisactud digposd area (landfill), 3 percent isfor wastewater trestment operations,
and 63 percent isundeveloped land. Table 3-3 presentsnationa estimates of thetota landfill areacovered
by non-hazardous and hazardous landfill facilities. Nationa estimatesindicatethat, as of 1992, hazardous
facilitieshad, on average, used less of their total facility areafor waste disposd, only about 5 percent, than
non-hazardousfacilities, which, on average, had used approximately 30 percent of their total facility area
for wastedisposal. However, sincetherearefar more non-hazardouslandfillsin the U.S. than hazardous
landfills, Subtitle D landfills have more future capacity than Subtitle C landfills (see Section 3.2.4). Table
3-4 presentsfacility land arearanges for non-hazardous and hazardousfacilities, aswell astotasfor the
industry. These frequency distributions show that atypical facility is 100 to 1,000 acresin Sze, and the
actual landfill covers between 10 and 100 acres of that area. Asof 1992, the mgjority of non-hazardous
and hazardouslandfill facilitieshad from 10 acresto 1,000 acres of undevel oped land available; larger

facilities had as much as 1,000 to 10,000 acres of undevel oped land.

Landfillsare made up of individua cellswhich may be dedicated to onetype of waste or may accept many
different typesof waste. When alandfill cell reaches capacity volume, itisclosed andisreferredto asan
“inactive’ cdl. “Active’ cdlsarelandfill cdlsthat are not at capacity and continue to accept waste. Table
3-5 presents nationa estimates of the number of landfill cells, both active and inactive, at non-hazardous
and hazardous|andfills. Nationd estimatesof landfill facilitiesinthe U.S. indicatethat the average number
of cdlsinalandfill in 1992 was approximately sx. The national average of active cdlsin 1992 was 2.75,
and the national average of inactive cellswas6.05. For hazardousfacilities, the average number of cells
in 1992 was 7.6, with an average of 4.2 active cellsand 8.2 inactive cdlls. For non-hazardousfacilities,
the average number of cellsin 1992 was 5.7, with an average of 2.5 active cellsand 5.4 inactive cells.
EPA’ssurvey indicated that therewerefewer activelandfillsinthe U.S. than inactive, or closed landfills.
Asdiscussed in Section 3.2, alarge number of landfills, especidly facilities serving smal populations, have

closed rather than incur the significant expense of complying with RCRA requirements.
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The number and type of customers hel psto define the size of alandfill. Table 3-6 presents the nationa
estimates of the household and non-household popul ation served by landfillsthat collect landfill generated
wadtewater. Thetota population served by the Landfillsindustry is46.3 million household and 5.2 million
non-household customers. Non-hazardous landfills serve 99 percent of these customers. Hazardous
landfillsaccount for only 307,000 household customersand 170,000 non-household customers. Table 3-7
presentsthefrequency digtributions of the number of household and non-household customersfor the non-
hazardous and hazardous subcategories aswell asfor both subcategories combined. Maost non-hazardous
facilities serve between 100 and 1,000 non-household customers and 10,000 to 100,000 household
customers. EPA’ssurvey indicatesthat hazardousfacilities serve between zero and 10,000 non-household

customers, but serve very few household customers.

324 Waste Receipts and Types

Wastesreceived by landfillsinthe United States vary from municipa solid waste to highly toxic materials.
Table 3-8 presentsthe nationd estimates of thetypes of waste received at landfills and the percentage each
wasterepresentsof thetotal waste received during thefollowing three periods:. pre-1980, 1980-1985, and
1986-1992. Sixty-one percent of thewaste landfilled during the pre-1980time period was municipa solid
wasgteand industria wastes, while 17 percent was commercid solid waste and construction and demolition
debris. Similar types of waste were disposed in landfillsafter 1980; however, the percentage of municipa
solidwasteand industrial waste decreased, and theamount of commercial solid waste, incinerator residues,
PCB/TSCA wastes, and asbestos-containing wastesincreased. Thedisposa inlandfillsof “other” waste
types (such as contaminated soils, auto shredder scrap, and tires) also increased after 1980.

Table3-9 presentsthenationd estimates of wastesreceived by the Landfillsindustry in 1992 by regulatory
classfication. Thesedataindicate that landfills contained gpproximately 6.1 billion tons of wastein 1992,
and project afuture capacity of 8.3 billiontons. However, the estimated future capacity of Subtitle D
landfillsis much larger than the future capacity of Subtitle C landfills. On average, Subtitle D landfills

represent over 97 percent of the future capacity of U.S. landfills.
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Table 3-10 presents the nationa estimates of the annua tonnage of waste accepted by landfills from 1988
through 1992. 1n 1988, the annua tonnage of waste accepted by Subtitle C and Subtitle D landfillswas
221 million tons and, by 1992, the amount of waste accepted annualy increased to 315 milliontons. The
annual tonnage of waste accepted by the entire landfill industry increased 20 percent from 1989 to 1990
and 14 percent from 1990 to 1991. However, when considering Subtitle C landfillsa one, EPA’ ssurvey
found that hazardous|andfillsexperienced amuch larger increasein the amount of waste disposed. In
1990, the amount of waste disposed in Subtitle C landfillsincreased 30 percent from 1989 and, in 1991,
the amount of hazardous waste disposed increased 75 percent from 1990. Over thethree year period from
1989 to 1991, the annual tonnage of waste landfilled in Subtitle C landfills increased 127 percent.
Conversaly, theannual tonnage of waste accepted by Subtitle D landfillsincreased 18 percent from 1989
to 1990 and then increased by only 4 percent from 1990to 1991. Over the samethree year period, from
1989101991, the annual tonnage of waste landfilled in Subtitle D landfillsincreased by only 23 percent.
The greater increasein annua waste deposited in Subtitle C landfills may be the result of more stringent
RCRA regulations and stricter waste acceptance criteria (Subtitle C hazardous waste is restricted from
being disposed in Subtitle D landfills).

3.25 Sour ces of Wastewater

Asnoted earlier, anumber of landfill operationsgeneratewastewater. Ingenerd, thetypesof wastewater
generated by activitiesincludeleachate, landfill gascondensate, truck/equipment washwater, drained free
liquids, laboratory-derived wastewater, floor washings, stormwater, contaminated ground water, and
wastewater from recovering pumpingwells. Table3-11 presentsthe national estimates of the number of
landfillsthat generate each type of wastewater and the minimum, maximum, and median flows. Each of

these wastewater sources are discussed below.

3.251 Landfill Leachate

Landfill leachateisliquid that has passed through or emerged from solid waste and contains soluble,
suspended, or miscible materidsremoved from such waste. Over time, the potentid for certain pollutants
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to moveinto the wider environment increases. Aswater passes through the landfill, it may “leach”
pollutantsfrom the disposed waste, moving them deeper into the soil. Thispresentsapotential hazardto
public health and the environment through ground water contamination and other means. One measure
used to prevent the movement of toxic and hazardous waste constituents from alandfill isalandfill liner
operated in conjunction with aleachate collection system. Leachateistypically collected from aliner
system placed at the bottom of the landfill. Leachate dso may be collected through the use of durry walls,
trenches, or other containment systems. Theleachate generated variesfrom siteto site, based on anumber
of factorsincluding the types of waste accepted, operating practices (including shedding, daily cover and
capping), the depth of fill, compaction of wastes, annual precipitation, and landfill age. Based onEPA’s
survey of theindustry, atotd of 1,989 landfills generate leachate a flows ranging from one gallon per day
t0 533,000 gallons per day, with amedian daily flow of approximately 5,620 gallons. Landfill leachateis
subject to this regulation.

3.252 Landfill Gas Condensate

Landfill gas condensateis aliquid that has condensed in the landfill gas collection system during the
extraction of gasfrom withinthe landfill. Gases such as methane and carbon dioxide are generated dueto
microbid activity withinthe landfill and must be removed to avoid hazardous, explosive conditions. Inthe
gas collection systems, gases containing high concentrations of water vapor condense in traps staged
throughout the gas collection network. The gas condensate contains volatile compounds and accounts for
ardatively smdl percentage of flow fromalandfill. The nationd estimates presented on Table 3-11 report
atotal of 158 landfillsthat generate landfill gas condensate at daily flowsranging from 3 gallonsto 11,700
gdlons. Themedianflow of landfill gascondensatefor the Landfillsindustry isapproximately 343 gadlons

per day. Landfill gas condensate is subject to the landfills effluent limitations guidelines.

3253 Drained FreeLiquids

Drained free liquids are agueous wastes drained from waste containers (e.g., drums, trucks, etc.) or

wastewater resulting from waste stabilization prior to landfilling. Landfillsthat accept containerized waste
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may generatethistype of wastewater. Wastewater generated from these waste processing activitiesis
collected and usually combined with other landfill generated wastewater for treatment at the wastewater
treatment plant. National estimates presented on Table 3-11 identify 33 landfillsthat generate drained free
liquidsat amedian daily flow of 253 galons. Daily flowsrange from aminimum of one gallon per day to
amaximum of 82,000 gallons per day. Drained freeliquids are subject to the landfills effluent limitations
guidelines.

3.254 Truck and Equipment Washwater

Truck and equipment washwater is generated during either truck or equipment washes at landfills. During
routine maintenance or repair operations, trucks and/or equipment used within thelandfill (e.g., loaders,
compactors, or dump trucks) are washed, and the resultant wastewater is collected for treatment. In
addition, it iscommon practice for many facilitiesto wash the wheels, body, and undercarriage of trucks
usedto deliver thewasteto the open landfill face upon leaving the landfill. On-sitewastewater treatment
equipment and storage tanks aso are periodicaly cleaned. Itisestimated that 416 landfills generate truck
and equipment washwater a amedian flow of 118 gdlons per day and a daily flowsranging from 5 gdlons
per day to 15,000 gallons per day.

Floor washings are a so generated during routine cleaning and maintenance of landfill facilities. Nationa
estimates presented on Table 3-11 indicate there are 70 landfill sthat generate and collect floor washings
a flowsranging from 10 gallons per day to 5,450 gdlons per day. Themedian flow of floor washings for
the Landfillsindustry isapproximately 743 gdlonsper day. Both truck and equi pment washwater and floor

washings are subject to thisrule.

3.255 Laboratory-Derived Wastewater

L aboratory-derived wastewater isgenerated from on-sitelaboratoriesthat characterizeincoming waste

streamsand monitor on-sitetreatment performance. Thissource of wastewater isminimal and isusually
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combined with leachate and other wastewater prior to treatment at the wastewater treatment plant.

L aboratory-derived wastewater is subject to the landfills effluent limitations guidelines.

3.25.6 Storm Water

There are two types of storm water, contaminated and non-contaminated. Contaminated ssormwater is
storm water which comesin direct contact with landfill wastes, the waste handling and treatment aress, or
wastewater that is subject to the limitations and standards. Some specific areas of alandfill that may
produce contaminated storm water include (but are not limited to) the following: the openface of an active
landfill with exposed waste (no cover added), the areas around wastewater treatment operations, trucks,
equipment or machinery that has been in direct contact with the waste, and waste dumping areas. Non-
contaminated (non-contact) storm water is storm water that does not comein direct contact with landfill
wastes, the waste handling and treatment areas, or wastewater that is subject to the limitations and
standards. Non-contaminated storm water includes storm water which flows off the cap, cover,
intermediate cover, daily cover, and/or find cover of the landfill. Nationa estimatesindicatethat thereare
1,135 landfills that generate storm water at flows ranging from 10 gdlons per day to 2 million galons per
day, with amedian daily flow of approximately 26,800 gallons. Storm water that does not come into
contact with the wastes would not be subject to the limitations and standards, as discussed in Chapter 2

of this document.

3.257 Contaminated Ground Water

Contaminated ground water is water below the land surface in the zone of saturation that has been
contaminated by landfill leachate. Contamination of ground water may occur at landfillswithout linersor
a facilitiesthat haverel eased contaminantsfrom aliner sysleminto the surrounding ground water. Ground
water aso can infiltrate the landfill or the leachate collection system if the water table is high enough to
penetrate the landfill area. EPA identified gpproximately 163 landfills that generate contaminated ground
water. Daily flowsranged from 6 gallons per day to 987,000 gallons per day, with amedian daily flow of
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approximately 12,800 gallons. EPA excluded contaminated ground water from regulation under this
guideline as discussed in Chapter 2 of this document.

3.258 Recovering Pumping Wells

In addition to the contaminated ground water generated during ground water pumping operations, there
arevariousancillary operationsthat a so generate awastewater stream. These operationsincludewell
congtruction and devel opment, well maintenance, and well sampling (i.e. purgewater). Thiswastewater
will havevery similar characteristicsto the contaminated ground water. EPA’ ssurvey of the Landfills
industry identified 50 landfillsthat generate wastewater from recovering pumpingwells. Daily flowsrange
fromaminimum of 0.3 gallonsto amaximum 80,200 galonsand amedian daily flow of 136 gdlons. EPA
excluded wastewater recovered from pump wellsfrom regul ation under thisguideline asdiscussed in

Chapter 2 of this document.

3.2.6 L eachate Collection Systems

Most facilities subject to the landfills effluent guidelines generate and collect landfill leachate. To prevent
waste materid, products of wastedecomposition, and free moisture from traveling beyond the limits of the
disoos ste, landfill facilities utilize Sometype of leachate collection sysem. Theleachate collection system
also reduces the depth of |eachate buildup or level of saturation over the liner.

The leachate collection system usually contains severa individua components. Two main leachate
collection systems may be necessary, an underdrain system and aperiphera system. The underdrain
system is congtructed prior to landfilling and consists of adrainage system that removes the leachate from
the base of thefill. The periphera system can beingtalled after landfilling has occurred and, assuch, is
commonly used as a remedial method. The underdrain system includes a drainage layer of high
permeability granular materid, drainagetilesto collect thediverted flow lateraly, and alow permeability
liner underlying the system to retard the leachate that percolates vertically through the unsaturated zone of
refuse. Wheretheleachate meetsthelow permeability layer, saturated depths of leachate develop and

hydraulic gradients govern the leachate flow within the drainage layer (see reference 8).
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Thereare severd different types of leachate collection systems employed by the Landfillsindustry. Table
3-12 presents the different types of leachate collection systems and the national estimates of the number
of landfillswhich employ each system. A smple gravity flow drain fied isthe most basic and commonly
used type of collection system, employed by 50 percent of theindustry. According to EPA’s1992 survey,
compound leachate collection systems consisting of aliner system and collection pipesare used by 20
percent of theindustry. French drains, which aregravel channelsused to facilitate leachate drainage, are
used by 15 percent of thelandfillsinthe U.S. Other typesof |eachate collection systems utilized by 10
percent of the Landfillsindustry include collection sumps and risers, combined gas/leachate extraction wells,
perforated toe drainsto pump stations, and gravity flow in pipesto aholding pond, basin, or pump station
to storage tanks.

3.27 Pretreatment M ethods

Severd types of waste accepted by landfillsfor disposa may require sometype of pretreatment. Wastes
that may require pretrestment include freeliquids, containerized waste, and bulk wastes. Freeliquids may
bedrained, removed, or stabilized. Containerized waste and bulk wastesmay be shredded, stabilized, or
solidified. Table3-13 presentsthetypesof pretreatment methods currently in use by the Landfillsindustry
and national estimates of the number of landfills that pretreat these wastes.

Approximately 75 percent of non-hazardous landfills do not accept free liquids and, of those that do, 20
percent do not pretreat theliquids before trestment at an on-Site wastewater trestment facility or trestment
off dte. In comparison, approximately 65 percent of hazardous landfills accept freeliquids and pretreat
by stabilizing, draining, or removing the liquid. Forty percent of non-hazardous landfills accept
containerized waste, compared to almost 75 percent of hazardouslandfills. Themost common type of
pretrestment for containerized waste is solidification followed by stabilization. Most landfills accept bulk
wastes, although many facilities do not pretreat thistype of waste. Bulk wastes are usually treated by
stabilization or solidification and stabilization. Other types of pretreatment for bulk wastes include

compaction, chemical treatment, flocculation, macro/microencapsulation, and recycling.
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3.28 Basgline Treatment

Many landfillsin the United States currently have wastewater treatment systemsin place. The most
common treatment system used to treat landfill wastewater is biological treatment. However, chemica
precipitation and combinationsof biologica treatment, chemica precipitation, equalization, and filtration
asoareused widdly. Table3-14 presentsthetypesof trestment and the nationa estimates of the number
of landfillsintheindustry that employ each type of wastewater trestment. Asexpected, indirect and zero
dischargersoften do not employ on-site treatment becausethey either ship their wastewater off Steor use
alternate disposal methods such as deep well injection, incineration, evaporation, land application, or

recirculation. Chapter 8 presents a detailed discussion of treatment technology and performance.

EPA’ ssurvey of theLandfillsindustry solicited wastewater treatment facility operating information from
non-hazardousand hazardouslandfills. Table3-15 presentsthe nationa estimates of the number of landfill
facilitiesthat operate wastewater treatment systems between 1 and 24 hours per day. Direct and zero or
alternative discharge facilitiestend to operate treatment systems continuously, whereasmany indirect
discharge facilities operate lessthan 24 hours per day. Table 3-16 presents the average daily hours of
operation of atypical on-sitewastewater treatment facility. Table3-17 presentsthe national estimates of
the number of landfill facilitiesthat operate wastewater treatment systems between 1 and 7 days per week.
Again, direct and zero or aternative discharge facilities commonly operate their treatment systems
continuoudy, whereasindirect dischargers do not. Table 3-18 presents the average number of days per
week atypical wastewater treatment facility isin operation.

3.29 Discharge Types

EPA’sDetailed Technicd Questionnaireidentified landfill sthat discharged wastewater directly to asurface
water, indirectly to POTWSs, and othersthat disposed of their landfill wastewater through zero or alternative
discharge. Direct dischargefacilitiesarethosethat dischargetheir wastewater directly to areceiving stream
or body of water. Indirect discharging facilities discharge their wastewater indirectly toaPOTW. Zero

or dternative discharge facilities use treatment and disposal practices that result in no discharge of
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wastewater to surfacewaters. Zero or dternative disposa optionsfor landfill generated wastewater include
off-gtetreatment a another landfill wastewater treatment system or aCentralized Waste Treatment facility,

deep well injection, incineration, evaporation, land application, solidification, and recirculation.

Table 3-19 presentsthe national estimates of the number of landfill facilitiesgrouped by discharge type.
These estimates show that the mgority of non-hazardousfacilitiesresponding to the survey wereindirect
dischargers, whereasthe mgjority of hazardousfacilitieswerezerodischargers. Although EPA identified

hazardous|andfills discharging directly to surface waters, none of thesefacilitiesare subject to thelandfills

effluent limitations guidelines.
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Table 3-1: Number of Landfills per U.S. State

Subtitle D Subtitle C Totd
State Landfills Landfills Landfills

Alabama 238 38 276
Alaska 201 1 202
Arizona 90 2 92
Arkansas 134 3 137
Cdifornia 630 16 646
Colorado 216 12 228
Connecticut 125 22 147
Delaware 8 14 22
Florida 91 9 100
Georgia 277 17 294
Hawaii 15 1 16
Idaho 112 6 118
Illinois 182 14 196
Indiana 101 29 130
lowa 118 13 131
Kansas 118 8 126
Kentucky 121 33 154
Louisiana 73 17 90
Maine 291 2 293
Maryland 50 5 55
Massachusetts 722 1 723
Michigan 762 9 771
Minnesota 257 4 261
Mississippi 97 3 100
Missouri 128 7 135
Montana 257 1 258
Nebraska 41 8 49
Nevada 127 3 130
New Hampshire 58 0 58
New Jersey 467 8 475
New Mexico 121 7 128
New York 565 10 575
North Carolina 244 39 283
North Dakota 85 1 86
Ohio 119 24 143
Oklahoma 189 7 196
Oregon 231 10 241
Pennsylvania 41 22 63
Rhode Island 12 0 12
South Carolina 127 9 136
South Dakota 193 0 193
Tennessee 112 9 121
Texas 601 70 671
Utah 92 7 99
Vermont 73 0 73
Virginia 440 8 448
Washington 72 9 81
West Virginia 57 5 62
Wisconsin 183 3 186
Wyoming 218 45 263
Puerto Rico 0 3 3
Guam 0 1 1
Total 9,882 595 10,477
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Table 3-2: Ownership Status of Landfill Facilities

Number of Landfill Facilities

Subtitle D Subtitle C
Non-Hazardous Hazardous
Ownership Status Subcategory Subcategory Industry Total
Commercial 506 171 677
Non-Commercial (intra-company) 5 48 53
Non-Commercial (captive) 121 9 215
Municipal 708 2 710
Federal Government 4 2 6
Government (other than Federal or 0 0 0
Municipal)
Indian Tribal Interest 0 0 0
Other 1 0 1
Total 1,345 317 1,662
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Table 3-3: Total Landfill Facility Area

Landfill Facility Area (acres)

Subtitle D Subtitle C
Non-Hazardous Hazardous
Facility Land Type Subcategory Subcategory Industry Total
Total Facility Area 416,733 309,194 725,927
Wastewater Treatment Area 9,424 10,147 19,571
Waste Disposal Area (landfill) 119,700 16,552 136,323
Undeveloped Land 254,610 207,085 459,811
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Table 3-4:

Landfill Facility Land Area Ranges

Number of Landfill Facilities
Subcategory Land Area Range
(acres) Wastewater Waste
Total Facility [ Treatment Disposal Undevel oped
Area Area Area(landfill) Land
All Facilities 0 0 747 28 110
>0-1 0 320 16 2
>1-10 9 437 126 69
>10-100 490 136 1,128 561
>100-1,000 1,044 22 362 745
>1,000-10,000 119 0 0 85
Total 1,662 1,662 1,660 1,662
Subtitle C 0 0 38 5 49
Hazardous >0-1 0 128 14 0
>1-10 2 70 47 2
>10-100 95 65 199 99
>100-1,000 136 15 52 106
>1,000-10,000 84 0 0 60
Total 317 316 317 316
Subtitle D 0 0 708 23 61
Non-Hazardous | >0-1 0 191 2 2
>1-10 7 366 79 67
>10-100 395 72 930 551
>100-1,000 909 7 310 638
>1,000-10,000 34 0 0 25
Total 1,345 1,344 1,344 1,344
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Table 3-5: Number of Landfill Cells

Number of Cells

Subcategor Type of Landfill Cell
egory yp ' Estimated Mean Estimated Total

All Facilities Total célls 6.12 13,299
Active cdlls 2.75 4,608
Inactive céells 6.05 8,690

Subtitle C Total cells 7.64 3,776

Hazardous Active cédlls 423 1,112
Inactive cells 8.24 2,663

Subtitle D Totadl célls 5.68 9,523

Non-Hazardous | Active cells 2.48 3,496
Inactive céells 541 6,027
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Table 3-6: Household and Non-Household Popul ation Served

Number of Customers

Subtitle D Subtitle C

Non-Hazardous Hazardous
Population Served Subcategory Subcategory Industry Total
Non-Household 5,043,542 170,420 5,213,962
Household 46,007,775 307,243 46,315,018
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Table 3-7: Household vs. Non-Household Customers

Number of Landfill Facilities

Subtitle D Subtitle C
Non-Hazardous Hazardous

Number of Non-Household Customers Subcategory Subcategory Industry Total
0 76 123 205
1 83 40 124
>1-10 33 12 45
>10-100 202 4 203
>100-1,000 544 87 628
>1,000-10,000 351 51 400
>10,000-100,000 55 0 54
>100,000-1,00,000 2 0 2

Totd 1,346 317 1,661
Number of Household Customers
0 180 313 506
1 0 0 0
>1-10 55 0 55
>10-100 29 0 28
>100-1,000 42 0 42
>1,000-10,000 195 2 195
>10,000-100,000 742 0 733
>100,000-1,00,000 102 2 103

Totd 1,345 317 1,662
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Table 3-8: Wastes Received by Landfillsin the United States

Mean % for Time | Mean % for Time Mean % for
Waste Type Period Pre-1980 Period 1980-85 Time Period
1986-92

Municipa Solid Waste 38.3 334 33.9
Household Hazardous Waste 0.217 0.218 0.215
Yard Waste 476 4.39 3.76
Commercial Solid Waste 8.56 9.92 9.94
Institutional Wastes 1.36 1.43 214
Industrial Wastes 22.8 19.6 17.4
Agricultural Waste 0.340 0.297 0.284
Pesticides 0.033 0.009 0.321
PCB, TSCA Wastes 0.192 112 0.980
Asbestos-Containing Waste 0.905 3.73 342
Radioactive Waste 0.019 0.002 0.001
Medical or Pathogenic Waste 0.255 0.182 0.123
Superfund Clean-Up Wastes 0.000 0.021 0.014
Mining Wastes 0.519 0.47 0.180
Incinerator Residues 1.01 1.43 314
Fly Ash, Not Incinerator Waste 4,49 5.82 6.30
Construction/Demolition Debris 8.40 591 7.95
Sewage Sludge 181 3.15 2.88
Dioxin Waste 0.000 0.039 0.024
Other Sludge 4.89 4.90 291
Other Waste Types 1.23 4.49 5.25

Industry Total 100.09 100.528 101.132
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Table 3-9: Total VVolume of Waste Received by Landfillsin 1992 by Regulatory Classification

All Facilities Subtitle C Hazardous Subcategory Subtitle D Non-Hazardous
Subcategory
TimeFrame | Regulatory Class Estimated Total Volume Estimated Total Volume Estimated Total Volume
Total Landfilled Total Landfilled Total Landfilled
Number (tons) Number (tons) Number (tons)
Landfills Landfills Landfills
Current Pre 1980 561 954,273,421 190 155,418,921 370 798,854,500
RCRA Subtitle C 333 159,252,888 323 158,994,443 10 258,445
RCRA Subtitle D 906 1,501,319,521 115 249,656,514 791 1,251,663,007
TSCA 108 53,167,884 102 52,654,468 6 513,416
NRC . . . . . .
Local Regulation 461 2,365,983,720 57 6,374,393 404 2,359,609,326
CERCLA 4 10,507,627 2 72,587 2 10,435,040
Other Regulation 560 1,018,656,724 114 36,250,349 446 982,406,374
Total Volume Landfilled 2,146 6,063,161,789 491 659,421,679 1,655 5,403,740,110
Future Capacity Future Capacity Future Capacity
(tons) (tons) (tons)

Future Pre 1980 86 101,032,485 . . 86 101,032,485
RCRA Subtitle C 201 66,313,422 193 65,192,737 8 1,120,685
RCRA Subtitle D 884 6,056,763,187 33 96,321,683 851 5,960,441,504
TSCA 34 11,202,929 28 10,897,045 6 305,884
NRC 2 300,860 . . 2 300,860
Local Regulation 293 962,479,373 57 4,710,196 236 957,769,177
CERCLA 50 4,297,618 50 4,297,618 . .
Other Regulation 501 1,126,823,595 127 30,749,439 374 1,096,074,156
Total Volume Landfilled 1,706 8,329,213,474 266 212,168,721 1,441 8,117,044,753




Table 3-10: Annual Tonnage of Waste Accepted by Landfills

Annua Tonnage of Waste (tons)

Y ear ) .
Subtitle D Subtitle C
Non-Hazardous Hazardous
Subcategory Subcategory Industry Total

1988 185,184,608 36,305,235 221,489,843
1989 196,377,576 28,867,681 225,245,257
1990 232,535,432 37,413,692 269,949,125
1991 241,454,300 65,402,768 306,857,068
1992 252,101,069 63,022,850 315,123,919
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Table 3-11: Wastewater Flows Generated by Individual Landfills

Number Minimum Maximum Industry
of Average Flow Average Flow Median
Type of Wastewater Generated Landfills (gal/day) (gal/day) (gal/day)
Floor washing 70 10 5,450 743
Landfill leachate 1,989 1 533,000 5,620
Contaminated ground water 163 6 987,000 12,800
Storm water run-off 1,135 10 2,067,000 26,800
Landfill gas condensate 158 3 11,700 343
Recovering pumping wells 50 0.3 80,200 136
Truck/equipment washwater 416 5 15,000 118
Drained free liquids 33 1 82,000 253
Other 2 0 0 0
Total 4,016




Table 3-12: Type of Leachate Collection Systems Used at Individua Landfills

Number of Landfills

Type of Leachate
Collection Subtitle D Subtitle C Hazardous
Non-Hazardous Subcategory
Subcategory Industry Total
None 46 87 132
Simple Gravity Flow 977 266 1,242
Drain Field
French Drain System 341 38 379
Compound L eachate 416 93 509
Collection
Suction Lysimeters 0. 2 2
Other 196 49 246
Total 1,976 535 2,510
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Table 3-13: Pretreatment Methods in Use at Individual Landfills

Number of Landfills
Type of Waste
Pretreatment Method | Subtitle D Non- Subtitle C
Hazardous Hazardous
Subcategory Subcategory Industry Total
FreeLiquids | No Pretreatment 324 113 437
None Accepted 1,277 283 1,560
Drained or Removed 51 115 166
Stabilization 38 172 211
Other 17 84 101
Tota 1,707 767 2,475
Containerized | No Pretreatment 515 100 616
Waste None Accepted 1,008 180 1,188
Shredded 23 70 94
Stabilized 6 135 141
Solidified 41 138 179
Other 110 80 190
Total 1,703 703 2,408
Bulk Wastes | No Pretreatment 993 216 1,209
None Accepted 414 61 475
Baled 33 2 35
Shredded 82 49 131
Stabilized 15 201 216
Solidified 74 126 200
Other 100 38 138
Total 1,711 693 2,404
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Table 3-14: Types of Wastewater Treatment Employed by the Landfills Industry

Type of Treatment Number of Landfills
Direct Indirect Zero
Discharge | Discharge | Discharge
No treatment 81 691 468
Biological treatment 119 37 19
Chemical precipitation 63 45 8
Chemical precipitation and biological treatmgnt 32 10 0
Filtration and biological treatment 45 4 5
Equalization and biological treatment 65 28 7
Equalization, biological treatment, and filtratipn 37 4 5
Equalization, chemical precipitation, and 26 8 0
biological treatment
Equalization, chemical precipitation, biologicel 26 2 0

treatment, and filtration
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Table 3-15: Wastewater Treatment Facility Hours of Operation per Day

Hours of Subtitle D Subtitle C
Operation Non-Hazardous Hazardous Industry Total
(hourg/day) Subcategory Subcategory
Direct Indirect Zero Direct Indirect Zero Direct Indirect Zero

0 0 0 0 0 0 0 0 0 0
1-23 11 295 40 11 4 6 23 275 42
24 161 508 330 122 20 153 283 552 488

Total | 172 803 370 133 24 159 306 827 530




Table 3-16: Wastewater Treatment Facility Average Hours of Operation per Day

Average Hours of Operation/Day
Subcategory Direct Discharge | Indirect Discharge | Zero Discharge
All Facilities 22.80 19.16 22.55
Subtitle C 22.78 22.18 23.46
Hazardous
Subtitle D 22.83 18.52 21.89

Non-Hazardous

3-39




or-€

Table 3-17: Wastewater Treatment Facility Days of Operation per Week

Days of Subtitle D Subtitle C
Operation Non-Hazardous Hazardous Industry Total
(days/week) Subcategory Subcategory
Direct Indirect Zero Direct Indirect Zero Direct Indirect Zero

0 0 0 0 0 0 0 0 0 0
1-6 7 225 40 19 2 6 30 203 42
7 165 578 330 115 22 153 275 624 488

Total 172 803 370 134 24 159 305 827 530




Table 3-18: Wastewater Treatment Facility Average Days of Operation per Week

Average Days of Operation/Week
Subcategory Direct Discharge | Indirect Discharge Zero Discharge
All Facilities 6.72 6.47 6.81
Subtitle C 6.56 6.83 6.77
Hazardous
Subtitle D 6.94 6.39 6.84

Non-Hazardous
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Table 3-19: Total Number of Facilities by Discharge Type

Discharge Type

] i Totdl
Subcategory Direct Indirect Zero
All Facilities 306 827 529 1,662
Subtitle C
Hazardous 134 24 159 317
Subtitle D
Non-Hazardous 172 803 370 1,345
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Figure 3-1: Development of National Estimates for the Landfills Industry

Initial Population

Collected data on landfill facilities from various sources and
developed initial landfill population

10,477 landfill facilities identified
9,882 Subtitle D non-hazardous landill facilities
595 Subtitle C hazardous landfill facilities

Screener Survey

!

4,996 landfill facilities were selected to
receive screener surveys

+_1

3,628 landfill facilities responded to the screener
survey.
Of the 3,628 respondents, 859 were considered
in-scope (i.e., generating some type of landfill
generated wastewater)

Detailed Questionnaire

:

252 |andfill facilities were selected to receive
Detailed Questionnaire

:

220 landfill facilities responded to the Detailed

Questionnaire with suffient technical detail to be
included in database

27 landfill facilities were
selected to complete a
Detailed Monitoring
Questionnaire

151 Subtitle D non-hazardous landfill facilities
16 Subtitle C hazardous landfill facilities
53 facilities are excluded from regulation

\_+

National Estimates

National estimates were calculated based upon assigning a
weighting factor for each facility in the Detailed Questionnaire
database

1,662 total landfill facilities which generate in-scope wastewater
based on national estimates:
1,345 Subtitle D non-hazardous landill facilities
317 Subtitle C hazardous landfill facilities
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4.0 DATA COLLECTION ACTIVITIES

41 I ntroduction

Aspart of thedevel opment of the Landfillseffluent guideline, EPA collected datafrom avariety of different
sources. These sourcesincluded exigting datafrom previous EPA and other governmenta data collection
efforts, industry-provided information, new data collected from questionnaire surveys, and field sampling
data. Thischapter discusses each of these data sources, aswell as EPA’ s qudity assurance/qudity control
(QA/QC) effortsand data editing procedures. Chapters 5 through 11 present summaries and analyses of
the data collected by EPA.

4.2 Preliminary Data Summary

EPA’sinitial effort to develop effluent limitations guidelines and pretreatment standardsfor the waste
treatment industry began in 1986. EPA conducted a study of the hazardous waste trestment industry in
which it determined the scope of theindustry, the operations performed, the type of wastewater generated,
and types of discharges. For thisstudy, EPA looked a a hazardous waste trestment industry that included
landfillswith |eachate collection and treatment facilities, incineratorswith wet scrubbers, and aqueous
hazardous waste treatment facilities. Thisstudy characterized the wastewater generated by facilitiesin the
industry and the wastewater treatment technol ogies used to treat thiswastewater. In addition, the study
included industry profiles, the cost of wastewater control and treatment, and environmental assessments.
EPA published the results of thisstudy in areport entitled “ Preliminary Data Summary for the Hazardous
Waste Treatment Industry” (EPA 440/1-89-100), in September, 1989.

The Agency used data from the following sources in developing the preliminary data summary:

C EPA Office of Research and Development databases (includes field sampling datafrom 13
hazardous waste landfills in 1985).

C State Agencies (includes a Wisconsin sampling program of 20 municipd landfillsin 1983).
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EPA Officeof Emergency and Remedia Response Contract L aboratory Program (CLP)
Statistical Database, “Most Commonly Occurring Analytesin 56 L eachate Samples.”
1980-83 data.

Nationa Enforcement Investigations Center (NEIC) sampling program conducted for the
Hazardous Waste Groundwater Task Force during 1985.

EPA sampling at 6 landfill facilities (1986-1987).

Subtitle D leachate datafor miscellaneous Subtitle D landfills, compiled by the EPA Office
of Solid Waste.

The EPA Preliminary Data Summary identified 911 landfills that generate leachate. Of these, 173

discharged their leachate directly to surfacewaters, while 355 discharged indirectly through publicly owned

treatment works (POTWSs). The remaining 383 used other methods of leachate disposal. The most

common "other" disposal method was contract hauling to acommercia agueouswastetreatment facility.

However, some facilitiesland-gpplied their [eachate (Spraying of the leachate over the landfill) or injected

it into a deep well for disposal.

The key findings of the EPA Preliminary Data Summary included:

C

Some |leachateswerefound to contain high concentrations (e.g., over 100,000 micrograms
per liter (ug/l)) of toxic organic compounds.

Raw |leachates were found to contain high concentrations of BOD., COD, and TOC.
Leechaeflow ratesvaried widdly dueto climatic and geologicd conditionsand landfill sze.
An average landfill was estimated to have aleachate generation rate of approximately
30,000 gallons per day (gpd).

Asareault of Resource Conservation and Recovery Act (RCRA) regulations, the number
of leachate collection systems used at landfills was expected to increase.

RCRA regulations also would cause solid waste generators to increase their use of
commercia landfill facilities.



EPA found that awide range of biologica and physical/chemical treatment technologieswerein use by
landfills, capable of removing high percentages of conventional, nonconventional, and toxic pollutants.
Advanced treatment technol ogiesidentified in thisstudy includeair stripping, anmoniastripping, activated

carbon, and lime precipitation.

After athorough analysisof thelandfill datapresented in the Preliminary Data Summary, EPA identified
the need to devel op an effluent guidelinesregulation for the Landfillsindustry in order to set national
guidelines and standards. EPA based its decision to devel op effluent limitations guidelines on the
Preiminary Data Summary’ sassessment of the current and future trendsin the Landfillsindustry, itsandyss
of the concentrations of pollutantsin the raw leachate, and the study’ s discussion on the treatment and

control technologies available for effective pollution reduction in landfill leachate.

4.3 Clean Water Act (CWA) Section 308 Questionnaires

A mgjor source of information and datausedin developing effluent limitations guidelines and standards
consisted of industry responsesto detailed technical and economic questionnaires, and the subsequent
detailed monitoring questionnaires, distributed by EPA under the authority of Section 308 of the CWA.
These questionnaires requested information on each facility'sindustrial operations, ownership satus, solid
wastes disposed, treatment processes employed, and wastewater discharge characteristics. EPA first
devel oped adatabase of varioustypesof landfillsin the United States using information collected from the
following: 1) State environmental and solid waste departments, 2) other State agencies and contacts, 3)
the Nationa Survey of HazardousWaste Treatment Storage, Disposa and Recycling Facilities respondent
list, 4) Environmenta Ltd.’s1991 Directory of Industrid and Hazardous Waste Management Firms, 5) the
Resource Conservation and Recovery Act (RCRA) 1992 list of Municipa Landfills, and 6) the Resource
Conservation and Recovery Information System (RCRIS) Nationa Oversight Database. Based upon these
sources, EPA identified 10,477 landfill facilitiesinthe U.S. in 1992. Of thisgroup, 9,882 were Subtitle D
landfills while 595 were Subtitle C landfills.



EPA entered dl of these facilitiesinto a database which served astheinitia population for EPA to collect
industry-provided data. EPA’s data collection process involved the following three stages:

. Screener Surveys
. Detailed Technical Questionnaires
. Detailed Monitoring Questionnaires

Thefollowing sections discuss each of these datacollection activities. A moredetailed discussion of the

landfills survey population can be found in Appendix A.

431 Screener Surveys

EPA developed a screener survey to collect dataon al of thelandfill sitesinthe U.S. identified by the

sources above.

4311 Recipient Selection and Mailing

EPA divided the 10,477 facilities into four strata for the purpose of determining the screener survey
recipients. The Agency defined these strata as the following:

1 Subtitle C facilities.
2. Subtitle D facilities that are known wastewater generators.

3. Subtitle D facilities in states with less than 100 landfills and are not known to be
wastewater generators.

4. Subtitle D facilities in states with more than 100 landfills and are not known to be
wastewater generators.
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The Agency decided that all of thefacilitiesin strata 1, 2, and 3 would receive the screener survey, while
only arandom sample of thefacilitiesin stratum 4 would receivethe survey. Table4-1 presentsthe sample

frame, number of facilities sampled, and the number of respondents to receive the screener survey.

Table 4-1: Screener Questionnaire Strata

Screener Stratum Number in Frame Number Sampled Number of Responses

(@) (Ny) (n) ()
1 595 595 524
2 134 134 120
3 892 892 722
4 8,856 3,375 2,621

Total 10,477 4,996 3,987

4312 I nformation Collected

Information collected by the screener surveys included the following:

C mailing address.
C landfill type, including types and amount of solid waste disposed and landfill capacity.
C wastewater generation rates as aresult of landfill operations, including leachate, gas

condensate, and contaminated ground water.
C regulatory classification and ownership status.
C wastewater discharge status.
C wastewater monitoring practices.

C wastewater treatment technology in use.



43.1.3 Data Entry, Coding, and Analysis

EPA operated atoll-free help lineto assist the screener recipientswith filling out the 3-page survey. The
Agency responded to severa thousand phone calls from facilities over asix week period. The help line
answered questions regarding applicability, EPA policy, and economic and technical details.

EPA reviewed al screener surveysreturned to the Agency to verify that each respondent completed the
critical questionsinthesurvey (e.g., wastewater generation and collection, number and types of landfills,
discharge status, and wastewater treatment technology). The screenerswere in abubble-sheet format and
were scanned directly into a computer database. Once entered, EPA checked the database for logical

inconsistencies and contacted facilities to resolve any inconsistencies.

After the QA process, EPA divided thefacilitiesin the database into the following two groups: 1) facilities
that indicated they collected landfill generated wastewater; and 2) those that did not. EPA considered
facilitiesthat did not collect landfill generated wastewater to be out of the scope of this regulation and

therefore did not investigate these facilities any further.

4314 Mailout Results

Of the 4,996 screener questionnaires mailed by EPA, 3,628 responded, and of those, EPA determined
that 3,581 were potentiadly in-scope and complete. The Agency entered these surveysinto the screener
database. Of these, EPA identified 859 facilitiesthat generate and collect one or moretypes of landfill
generated wastewater.

43.2 Detailed Technical Questionnaires

Once EPA andyzed theinformation from the screener surveysin the database, EPA developed adetalled
technica and economic questionnaireto obtain moreinformation from facilitiesthat collect landfill generated

wastewater.



4321 Recipient Selection and Mailing

EPA used the 859 facilitiesthat generated and collected landfill wastewater from the screener database,
plus one pre-test questionnaire facility that was not inthe screener database, asthe frame for selection of

facilities to be sent a Detailed Questionnaire. EPA divided these facilitiesinto the following eight strata:
1 Commercid private, municipd, or government facilitiesthat have wastewater treatment and
are direct or indirect dischargers.

2. Commercid private, municipd, or government facilitiesthat have wastewater treetment and
are not direct or indirect dischargers.

3. Non-commercial private facilities with wastewater treatment
4, Facilities with no wastewater treatment

5. Commercial facilities that accept PCB wastes

6. Municipal hazardous waste facilities
7. Small businesses with no wastewater treatment
8. Pre-test facilities that were not in the screener population

The Agency decided al facilitiesin gtratal, 5, 6, 7, and 8 would receive the Detailed Questionnaire. EPA

sent the Detailed Questionnaire to arandom sample of the facilitiesin strata 2, 3, and 4.

Theseselection criteriaresulted inamailing of the Detailed Questionnaireto 252 facilities. Chapter 3,
Section 3.2.1 briefly discussesthe population analysis (referred to as nationa estimates) conducted from

these questionnaire recipients.

4322 I nformation Collected

The Detalled Questionnaire solicited technica and costing information regarding landfill operations at the

4-7



selected facilities. EPA divided the questionnaire into the following four main sections:

C Section A - Facility Identification and Operational Information:

1. Generd facility information, including thefollowing: ownership status, landfill type, the
number of landfillson site, regulatory status, discharge status, when the landfill began
accepting waste, and projected closure date.

2. Landfill operation, including the following: types of waste accepted at the landfill, the
amount of waste accepted, landfill capacity, how the waste was organized in the landfill,
landfill caps, and landfill liners.

3. Wastewater generation from landfill operations, including the following: the types of

wastewater generated and the generationrates, and the ultimate disposa of thewastewater
generated and coll ected.

C Section B - Wastewater Treatment:

1 Description of treatment methodsemployed by thefacility totreat thewastewater identified
in Section A. This description includes a discussion of commingled wastewater,
wastewater trestment technol ogies, resdua waste disposal, and trestment plant capacities.

C Section C - Wastewater Monitoring Data:

1 A summary of the monitoring deta pertaining to the landfill generated wastewater identified
in Section A that were collected in 1992 by thefacility, including thefollowing: minimum,
maximum, averages, number of observations, and sampling and analytical methods.

C Section D - Detailed Wastewater Treatment Design Information:

1 Detailed technica design, operation and costing information pertaining to the wastewater

treatment technologies identified in Section B.

4323 Data Entry, Coding, and Analysis

EPA operated atoll-free help line to assist the questionnaire recipients with filling out the Detailed
Questionnaire. EPA responded to over one thousand phone calsfrom facilities over athree-month period.
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While some calls pertained to questions of applicability, most were of atechnica nature regarding specific

guestions in the questionnaire.

Once EPA received the compl eted questionnaires, the Agency thoroughly reviewed each onefor technica
accuracy and content. After review, the questionnaire was coded for double-key entry into the
guestionnaire database. EPA resolved al discrepancies between the two inputted vaues by referring to

the original questionnaire.

EPA followed severd QA/QC procedureswhen devel oping the questionnaire database, including amanua
completeness and accuracy check of arandom sdlection of 20 percent of the questionnaires and a database
logic check of each completed questionnaire. These QA/QC procedures hel ped verify the questionnaires
for completeness, resolveany internal consistencies, and identify outliersinthedata. EPA checked all

outliers for accuracy.

4324 Mailout Results

Of the 252 recipients, 220 responded with sufficient technical and economic datato beincludedin thefina
EPA Detailed Questionnaire database.

4.4 Detailed M onitoring Questionnaire

In addition to the Detailed Questionnaire, EPA aso requested detalled wastewater monitoring information
from 27 facilitiesincluded in the Detail ed Questionnaire database viaa Detailed M onitoring Questionnaire.

441 Recipient Selection and Mailing

EPA sdected facilitiesto receive Detailed M onitoring Questionnaires based upon their responsesto the
Detailed Questionnaire. EPA reviewed eachfacility'smonitoring summary, discharge permit requirements,
andtheir on-sitetreatment technologies. From theseresponses, EPA selected 27 facilitiestoreceivea



Detailed Monitoring Questionnairewhich could provide useful information on technology performance,

pollutant removals, and wastewater characterization.

442 Information Collected

EPA requested recipients of the Detailed M onitoring Questionnaire to send anaytical data (1992, 1993,
and 1994 annud data) on daily equalized influent to their wastewater treatment system, aswell as effluent
datafromthetrestment system. Thethreeyearsof analytical dataasssted EPA in caculaing thevariability
factors (discussed in Chapter 11) used in cal culating the industry effluent limits. EPA a so requested
analyticd datafor intermediate waste treatment pointsfor somefacilities. Inthismanner, EPA wasable

to obtain performanceinformation acrossindividua treatment unitsin addition to the entiretreatment train.

4.4.3 Data Entry, Coding, and Analysis

EPA conducted athorough review of each Detailed Monitoring Questionnaire response to ensure that the
data provided was representative of thefacility'streatment system. EPA collected datafrom 24 semi-
continuous and continuous treatment systems and 2 batch treatment systems. The Agency developed a
Detailed Monitoring Questionnaire database which included dl monitoring data submitted by the selected

facilities.

4.5 Engineering Site Visits

EPA vigted 19facilities, including onefacility outsdethe U.S. The purpose of thesevistswasto evauate
each facility asapotential week-long sampling candidate to collect treatment performance data. EPA
selected thesefacilities based on the responsesto the Detailed Questionnaire and attempted to include
facilitiesfrom abroad crosssection of theindustry. EPA visited landfills of various ownership status
(municipd, commercid, captive), landfillsthat accept various waste types (congtruction and demolition, ash,
dudge, industrial, municipal, hazardous), and landfillsin different geographic regions of the country.

Facilitiessel ected for engineering sitevisitsemployed varioustypes of treatment processes, including the
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following: equalization, chemical and biological treatment, filtration, air stripping, steam stripping, and

membrane separation.

EPA visted each landfill for oneday. During the engineering site visit, EPA obtained information on the

following:
C the facility and its operations.
C the wastes accepted for treatment and the facility's acceptance criteria.
C the raw wastewater generated and its sources.
C the wastewater treatment on site.
C the location of potential sampling points.
C the site-specific sampling needs (access to facility and sample points, and required

sampling safety equipment).

Table4-2 presents asummary of the types of landfill facilitiesthat EPA included in the engineering site

visits.

4.6 Wastewater Characterization Site Visits

While conducting engineering stevists, EPA aso collected samplesfor raw wastewater characterization
at 15 landfills. EPA collected grab samples of untreated wastewater at various types of landfills and
anayzed for constituents in the wastewater including conventionals, metals, organics, pesticides and

herbicides, PCBs, and dioxinsand furans. Chapter 6 presentsthe characterization dataobtained by EPA.

Table4-2 dso presentsasummary of thetypeof landfill facilitiesthat EPA included in the characterization

site visits and the number of wastewater characterization samples collected.
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4.7 EPA Week-L ong Sampling Program

To collect wastewater treatment performance data, EPA conducted week-long sampling effortsat six
landfills. EPA selected these facilities based on the analysis of the information collected during the
engineering sitevisits. Table4-3 presents asummary of thetypes of landfills sampled and treatment

technol ogies evaluated.

EPA prepared a detailed sampling plan for each sampling episode. The Agency collected wastewater
samples at influent, intermediate, and effluent sampl e points throughout the entire on-site wastewater
treatment system. Sampling at five of the facilities consisted of 24-hour composite samples for five
consecutivedays. For the sixth facility, EPA took composites of four completed batches over five days.
Atall facilities, the Agency collected individua grab samplesfor oil and grease. Volatileorganic grab

samples were composited in the laboratory prior to analysis.

EPA anayzed samplesusing EPA Office of Water approved anaytical methods. Thefollowing table
presents the pollutant group and the analytical method used:

Pollutant Group Analytical Method
Conventional and Nonconventionals Standard Methods
Metals EPA 1620

Organics EPA 1624, 1625
Herbicides, Pesticides, PCBs EPA 1656, 1657,1658
Dioxins/Furans EPA 1613

EPA used influent datato characterize raw wastewater for theindustry and develop thelist of pollutants
of interest (see Chapter 6 for raw wastewater characterization and Chapter 7 for pollutant of interest
selection). The Agency used influent, intermediate, and effluent data to evaluate performance of the
wastewater treatment systems and devel op current discharge concentrations, pollutant loadings, and the
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best availabletreatment (BAT) optionsfor the Landfillsindustry. EPA used effluent datato caculate long-

term averages for each of the regulatory options.

Table4-4 presentsthefacilitiesincluded in the engineering Site visits, the raw wastewater characterization
sampling effort, and theweek-long sampling effort. Notethat facilitiesutilized only for theengineering Site

visits do not have sampling episode numbers.

4.8 Other Data Sour ces

In addition to the original data collected by EPA, the Agency used other data sources to supplement the
industry database. Each of these data sources is discussed below.

4.8.1 Industry Supplied Data

EPA requested the Landfillsindustry to provide relevant information and data. The Agency received
leachate and ground water characterization and treatability studiesfrom severa facilities, including 25
discharge monitoring report (DM R) datapackages. EPA used industry-supplied datato characterize the
industry, develop pollutant loadings, and develop effluent limitations.

4.8.2 Comprehensive Environmental Response, Compensation and Liability Act
(CERCLA)/Superfund Amendments and Reauthorization Act (SARA) Ground
Water Data

EPA obtained ground water datafrom the“CERCLA Site Discharges To POTWSs Tresatability Manua”

(EPA 540/2-90-007), prepared by the Industrial Technology Division of the EPA Office of Water

Standardsand Regulationsfor the EPA Officeof Emergency and Remedial Response. The Agency used

datafrom this study to supplement the ground water data collected during characterization and week-long

sampling events. The purpose of the CERCLA study wasto do the following:
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. Identify the variety of compounds and concentration ranges present in ground water at

CERCLA sites.

. Collect dataon thetreatability of compounds achieved by various on-site pretreatment
systems.

. Evaluate the impact of CERCLA dischargesto areceiving POTW.

For the CERCLA study, atota of eighteen CERCLA facilitieswere sampled. However, EPA only used
datafromfacilitiesthat received ground water contaminated asaresult of landfilling activitiesinitsandyss
of contaminated ground water a landfill facilities. Based in part on thisdata and for the reasons discussed
in Chapter 2, EPA decided not to include contaminated ground water as aregulated wastewater under this
guideline. Inaddition, for the proposa, EPA combined the datafrom seven CERCLA facilitieswith EPA
sampling data to help characterize the hazardous subcategory and to devel op both the current discharge
concentrations and pollutant loadingsfor facilitiesin the hazardous subcategory. However, snce EPA did
not include contaminated ground water as awastewater subject to this guiddine, for the fina rule, EPA
removed all CERCLA data from the Subtitle C raw wastewater characterization database. The data
presented in subsequent chaptersfor hazardous wastewater characterization donot include CERCLA data.

483 POTW Study

The primary source of POTW percent remova datawasthe* Fate of Priority Pollutantsin Publicly Owned
Treatment Works’ (EPA 440/1-82-303), commonly referred to as the “50-POTW Study.” The 50-
POTW Study presents data on 50 well-operated POTWswith secondary treatment in removing toxic
pollutants. At most of these plants, aminimum of 6 days of 24-hour sampling of influent, effluent, and
dudge streamswas completed. Each samplewas anayzed for conventional, selected non-conventional,
and priority pollutants. The basic objective of the study wasto generate, compile, and report dataon the
occurrence and fate of the 129 priority toxic pollutantsin 50 POTWSs. Preliminary eva uations of the data
werea so conducted. Thereport presentsal of the collected data, results of the preliminary evaluations,

and results of the caculationsto determine the following: 1) the concentrations of priority pollutantsinthe
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influent to POTWSs, 2) the concentrations of priority pollutants discharged from the POTWSs, 3) the
concentrations of priority pollutants in the effluent from intermediate process streams, and 4) the

concentrations of priority pollutants in the POTW sludge streams.

Some of the data collected for evaluating POTW removalsin the 50-POTW Study included influent levels
of pollutantsthat were closeto the detection limit. EPA eliminated these valuesto reducethe possibility
that low POTW removasmight smply reflect low influent concentrationsinstead of being atrue measure
of treatment effectiveness. For further discussion on the editing rulesEPA applied to the 50-POTW Study
for use in the assessment of POTW removal, see Chapter 7, Section 7.7.1.

4.8.4 National Risk Management Resear ch L aboratory Data

EPA's Nationa Risk Management Research Laboratory (NRMRL) developed a treatability database
(formerly called the Risk Reduction Engineering Laboratory (RREL ) database). This computerized
database providesinformation, by pollutant, on removas obtained by varioustreatment technologies. The
database provides the user with the specific data source and theindustry fromwhich the wastewater was
generated. EPA used the NRMRL databaseto augment the POTW databasefor certain pollutantswhich
the 50-POTW Study did not evaluate. EPA edited the NRMRL data so that only treatment technologies
representative of typical POTW secondary treatment operationswere used. Additional edits applied by
EPA are discussed in detail in Chapter 7, Section 7.7.1.

49 QA/QC and Other Data Editing Procedures

Thissection presentsthe quality assurance/quality control (QA/QC) proceduresand editing rulesused to
analyzethe different analytica data sets described in the previous sections (e.g., industry supplied data,
Detailed Questionnairedata, Detailed M onitoring Questionnairedata, EPA field sampling, and analytical
datacollected by other EPA offices). For acompletediscussonof al of theconventionsused in caculating
effluent limitations seethe* Statistical Support Document for Final Effluent Limitations Guidelinesand
Standards for the Landfills Point Source Category” (EPA-821-B-99-007).
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49.1 QA/QC Procedures

Each analytical data source received a QA/QC review before being included in the EPA analytical,
Detailed Questionnaire, and Detailed Monitoring Questionnaire databases. The specific QA/QC activities
completed for each analytical data source are discussed below.

4.9.2 Analytical Database Review

EPA’s Sample Control Center (SCC) devel oped and maintained the analytical database, and provided a
number of QA/QC functions. SCC documented the results of the QA/QC procedures in data review
narratives. EPA then performed completeness checks to ensure the completeness of the analytical
database. Both of these QA/QC activities are discussed below. 1n addition, the following paragraphs
outline the editing procedures and data conventions used to finalize the landfill analytical database, to
characterize each industry subcategory, and to develop current discharge information and pollutant

loadings.

4921 Data Review Narratives

The Sample Control Center performed a QA/QC datareview and documented its findingsin the data
review narrative that accompanied each laboratory datapackage. The datareview narrativeidentified
missing dataand any other data discrepancies encountered during the QA/QC review. EPA then checked
the narratives againgt the data and sampling episode traffic reports to make sure SCC did not overlook any

data discrepancies.

49.2.2 Completeness Checks

EPA performed a data completeness check of the analytical database by cross referencing the list of
pollutantsrequested for anaysiswiththelist of pollutantsthelaboratory actualy analyzed at each sample
point. To accomplish this, EPA prepared the following:
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C alist of al requested analytical methods and method numbers.
C aligt of al pollutantsand CA S numbersspecified under each requested anaytical method.

C a schedule of analyses requested by episode for each sample point.

The purpose of the completeness check wasto verify that the laboratory performed all of the analyses
requested and that SCC posted the results to the database in a consistent manner. The completeness

check resulted in identifying the following:

C any pollutant that was scheduled to be analyzed but was not analyzed.
C pollutants that were analyzed but were not scheduled to be analyzed.

C any pollutant for whichthe expected number of samplesanayzed did not agree with the
actual number of samples analyzed.

SCC evauated and resolved discrepancies by subsequent QA/QC reviews. SCC documented al changes
todatain thelandfill anaytica databasein agtatusreport entitled “ Status of the Waste Treatment Industry:
Landfills Database”.

49.2.3 Trip Blanksand Equipment Blanks

SCC addressed qudifiersassigned to dataas aresult of trip blank and equipment blank contaminationin
the same way that it addressed contamination of lab method blanks, detailed below:

. SampleReaultsL essthan Five Times Blank Results: When the sampleresult waslessthan
five times the blank result, there were no means by which to ascertain whether the
presence of the andyte could have attributed to blank contamination. Therefore, the result
wasincluded in the database as non-detect, with anominal detection limit equal to the
dilution-adjusted instrument detection limit.

. Sample Results Greater than Five Times but Lessthan Ten Times Blank Results; These
datawere of acceptable quality and were used to represent maximum values.
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4.9.2.4

Sample Results Gregter than Ten Times Blank Results or Analyte not Detected in Sample:
The presence of the analytein the blank did not adversely affect the datain those cases
wherethe sampleresultswere greater than ten timesthe associated blank resultsor when
the analytewas not detected in associated samples. Such datawere acceptabl e without
qualification.

Field Duplicates

EPA collected field duplicates during the EPA sampling episodes to hel p determine the accuracy and

consstency of the sampling techniquesemployed inthefield. Intheanaytica database, EPA represented

field duplicate results by the letter “D” preceding the sample point number. The Agency combined

duplicate sasmples that it considered acceptable on adaily basis using the following rules:

If dl duplicates were non-detect va ues, then the aggregate sample was labeled non-detect
(ND), and the value of the aggregate sample was the maximum of the ND values.

If the maximum detected value was greater than the maximum ND value, then the
aggregate samplewas labeled NC, and the val ue of the aggregate sample was the sum of
the non-censored (NC) and ND values divided by thetotal number of duplicatesfor that
independent sample.

If the maximum NC value was less than or equal to the maximum ND value, then the
aggregate samplewaslabeled ND and the va ue of the aggregate sample was the maximum
of the ND values.

If dl duplicateswere NC va ues, then the aggregate sample was labeled NC and the vaue
of the aggregate sample was the average of the NC values.

Inthelaboratory, SCC calculated analytical precision by determining the relative percent difference of

paired spiked samples. EPA considered data acceptableif the relative percent difference waswithin the

laboratory criteriafor analytical precision.

EPA considered duplicaterd ative percent difference valuesas acceptableif they werewithinthelaboratory

criteriafor analytical precision plus or minus 10 percent.
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4925 Grab Samples

Most data presented in the analytical database represent composite sample results, but other types of
resultsexist dueto sampling requirements. Most grab sampleresultswererepresented by theletters*A”,
“B”, or “C” following the sampl e point number in the analytical databasefor grabs collected on the same
day. EPA collected grab samples of this nature only for oil and grease/hexane extractable material and
EPA included these sampleswhen cal cul ating average concentrationsof pollutants. The Agency averaged

grab samples of any kind on adaily basis before using them in data analyses.

49.2.6 Non-Detect Data

EPA assigned non-detect data numeric values so that they could be used in the dataanalyses. Ingenerd,
non-detect datacan be set either at the method detection limit, at theinstrument detection limit, at half of
the method detection limit, or zero. Detection limitscan be standardized (asin the method detection limit)
or variable (asintheinstrument detection limit or the sample detection limit, which may vary depending on
dilution). Theinstrument detection limit isthelowest possibledetection limit: theinstrument cannot detect
the contaminant below thislevel. Inmany cases, themethod detection limit issignificantly higher than the

instrument detection limit.

For the Landfillseffluent guideline, EPA defined all non-detect data collected from the EPA sampling
episodesasfollows: 1) theva ue used for non-detect datawas represented by the detection limit reported
intheanalytica database, and 2) if the detection limit of the non-detect datawas greater than the detected
results, the average was calculated using al of the data, but the results were flagged for review on an
individua basis. When flagged resultswerereviewed asawhole, the high detection limitswerefound to
be on the same order of magnitude as the detect values; therefore, all flagged data were included in
calculating averages.
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4927 Bi-Phasic Samples

In one sampling episode for acaptive hazardous landfill at an industria facility, some samples collected
became bi-phasic. That is, EPA collected agueous samples, but from the time that EPA collected the
sampleto the time EPA anayzed it, the sample formed a solid, organic phase. Therefore, the analyzed
sample consisted of an agueous portion and an organic portion. For these samples, EPA reported
analytica resultsfor each phase separately. The Agency calculated consolidated resultsfor the bi-phasic
samples by factoring the percent of each phase relative to the tota sample volume with the results of each
phase and adding the weighted resultstogether. Pollutantswere not always detected in both the aqueous
and organic phases of abi-phasic sample. Ininstanceswhere EPA detected a pollutant in one phase and
not in the other phase, the detection limit was set a zero, which removed the non-detect phase from the
equation. When both phases were non-detect, EPA used the lowest of the two detection limits asthe

result.

49.2.8 Conversion of Weight/Weight Data

In some cases, EPA analyzed wastewater samples collected in thefield as solids dueto criteriaspecified
intheanaytical method. The Agency reported theseresultsinthedatabasein solidsunitsof ug/kg or ng/kg.
EPA converted these results to ug/L and ng/L, respectively, so that they could be used in data analysis.

Thelandfill analytical database contained afilecaled solids’ that contained percent solidsval uesfor those
samples associated with aresult that werereported on aweight/weight basis. This percent solidsvauewas

necessary to convert results from a weight/weight basis to a weight/volume basis.

Thefollowing formulawas utilized to convert the*amount” from aweight/weight bas sto aweight/volume

basis. Thisformulaassumed a density of 1:

Amount (weight/weight) x [Percent Solids/100] = Amount (weight/volume)

where,
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Amount = The result contained in the “amount” field in the “result” file.

Percent Solids = The percent solidsresult contained inthe* percent” fidd in the“ solids’ file.

After conversion, the amount was expressed in weight/volume units as shown below:

Weight/Weight Units Weight/V olume Units
pa/kg pg/L
ng/kg ng/L
ug/kg ug/L
ug/g ug/mL
mg/kg mg/L
49.2.9 Aver age Concentration Data

EPA employed dl dataconventionsdiscussed above when cd cul ating the average concentration of agroup
of data. The Agency calculated average concentrations to devel op raw waste loads, current discharge
concentrations, and percent removal values. To calculate the average concentration of a pollutant at a
particular sample point, the following hierarchy was used: 1) all non-detect datawas set at the detection
limit listed inthe database, 2) all weight/weight unitswere converted to weight/volume unitsusing the
percent solidsfile, 3) dl unitswere then converted to ug/L, 4) the bi-phasic sample resultswere combined
into one consolidated result, 5) both duplicate pairs and grab samples were combined using the rules
discussed above, and 6) thelong-term average was cal culated by adding all resultsand dividing by the

number of results.

49.3 Detailed Questionnaire Database Review

EPA reviewed each Detailed Questionnairefor thefollowing: 1) completeness, 2) internd consistency, and
3) outliers. Outliersrefer to datavauesthat are wel | outside those expected for thisindustry. For example,
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EPA considered flow rates above 10 million gallons per day to be outliers. 1n cases such asthis, the

QA/QC reviewer would verify the accuracy and correctness of the data.

All information that EPA entered into a computer database was given a 100 percent QA/QC check to
ensure that all data were inputted properly. This was accomplished by double key entry, and any
discrepancies between the two inputted val ues compared with the origina submission were corrected by
the QA/QC reviewer.

Section 4.3.2 discusses additional handling procedures for Detailed Questionnaires.

4.9.4 Detailed M onitoring Questionnaire Data Review

EPA evd uated Detailed M onitoring Questionnairedataus ng the same procedures outlined for the Detailed
Questionnaire process. The QA/QC stepsincluded reviewsfor thefollowing: 1) completeness, 2) interna

consistency, and 3) outliers.

Section 4.4 discusses additional handling procedures for Detailed Monitoring Questionnaires.
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Table 4-2: Types of Facilities Included in EPA’s Characterization and Engineering Site Visits

(captive, intra-company)

Ownership Type Characterization Site Visits Engineering Site Visits*
Municipal 4 9
Commercial 9 8
Non-Commercial 2 1

Waste Type Characterization Samples Collected
Subtitle D 13 15
Subtitle C 5 3

Landfill Type Characterization Samples Collected

Subtitle D Non-Hazardous
(Municipal)
(Non-Municipal)

Subtitle C Hazardous

Ground Water

10

(2)

(8)
5
3

15
(14)
D)
3
0

*One engineering site visit was conducted outside the U.S.
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Table 4-3: Types of Facilities Included in EPA’s Field Sampling Program

Episode

Ownership Type

Waste Type

Landfill Subcategory

Municipal

Commercial

Non-Commercial

Subtitle D | SubtitleC

Non-Hazardous

Hazardous

Treatment Technology

4626

X

X

X

Equalization, chemical
precipitation, biological
treatment, filtration

4667

Equalization/stripper,
chemical precipitation,
biological treatment, GAC,
filtration

4687

Equalization, filtration,
reverse oSmosis

4690

Air stripping
Steam stripping

4721

Equalization, biological
treatment

4759

Equalization, chemical
precipitation, biological
treatment




C
E
W

Table 4-4: Episode Numbers for the Engineering Site Visits and Field Sampling Efforts

Episode Sampling/
Number Site Visits
4491 E C
4503 C
4626 E, W
4630 C
4631 C
4638 C
4639 C
4644 C
4667 E,W
4683 C
4687 E,W
4738 C
4690 E,W,C
4721 E,W,C
4684 C
4685 C
4759/4682 E,W,C
4659 C
- E
- E
- E
- E
- E
- E
- E
- E
- E
- E
- E
- E

= Raw Wastewater Characterization Sampling Episode (1-day sampling episode)

= Engineering Site Visit
= Five-day Sampling Episode
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5.0 INDUSTRY SUBCATEGORIZATION

In devel oping technol ogy-based regul ationsfor the Landfillsindustry, EPA consdered whether asingle set
of effluent limitations and standards should be established for the industry, or whether different limitations
and standards were appropriate for subcategories within the industry. The Clean Water Act (CWA)
requires EPA, in developing effluent limitations, to assess several factors, including manufacturing
processes, products, the size and age of asite, wastewater use, and wastewater characteristics. The
Landfillsindustry, however, isnot typical of theindustriesregulated under the CWA.. Therefore, EPA
looked at additional factorsthat are specifically tailored to the characteristics of landfill operationsin
deciding appropriatelimitationsfor landfill facilities. Thefactorsconsidered for the subcategorization of
the Landfills industry are listed below:

. Resource Conservation and Recovery Act (RCRA) Regulatory classification

C Types of wastes received

. Wastewater characteristics
. Facility size
C Ownership

C Geographic location
C Facility age

. Economic impacts
. Treatment technologies and costs
C Energy requirements
C Non-water quality impacts
51 Subcategorization Approach

Based on an evauation of the above factors, EPA determined that there was anotabl e distinction between
wadtewater associated with Subtitle C landfills and those from Subtitle D landfills. A wider range of toxic



organic pallutants and higher concentration of metaswasfound at the Subtitle C landfills. Thus, the most
sgnificant differencesobservedinwastewater characteristicsat landfillsaredirectly corrdlated tothewastes
received a the landfill which, in turn, are most obvioudy linked to the landfill’sSRCRA datus. Therefore,
EPA concluded that the most appropriate basisfor subcategorization isby landfill classification under
RCRA.

Additionally, the Agency believesthat this subcategorization approach hasthe virtue of being easiest to
implement because it follows the same classification previoudy established under RCRA and is currently
in use (and widely understood) by permit writersand regulated entities. The Agency believesthat any
subcategorization at oddswith existing RCRA classification approacheswill potentialy creste unnecessary

confusion to the regulated community. The subcategories are described below.

5.2 L andfills Subcategories

EPA is subcategorizing the Landfills industry into two subcategories as follows:

RCRA Subtitle C Hazardous Waste L andfill Subcategory

Subpart A of 40 CFR Part 445, “RCRA Subtitle C Hazardous Waste Landfill Subcategory,” appliesto
wastewater discharges from a solid waste disposal facility subject to the criteriain 40 CFR Part 264
Subpart N - “ Standardsfor Ownersand Operators of Hazardous Waste Treatment, Storage, and Disposa
Facilities’ and 40 CFR Part 265 Subpart N -“Interim Standards for Owners and Operators of Hazardous
Waste Trestment, Storage, and Disposal Facilities” Hazardouswaste landfillsare subject to requirements
outlined in 40 CFR Parts 264 and 265 that includethe requirement to maintain aleachate collection and
removal systems during the active life and post-closure period of the landfill. For adiscussion of these
criteria, see Chapter 3, Section 3.1: “Regulatory History of the LandfillsIndustry”, or seethe Preambleto
the proposed landfill guideline at 63 FR 6426, 6430-31. (February 6, 1998).



RCRA Subtitle D Non-Hazardous Waste L andfill Subcategory

Subpart B of 40 CFR Part 445, “RCRA Subtitle D Non-Hazardous Waste Landfill Subcategory,” applies
towastewater dischargesfromall landfillsclassified asRCRA Subtitle D non-hazardouslandfillssubject
to either of the criteriaestablished in 40 CFR Parts 257 (Criteriafor Classification of Solid Waste Disposd
Facilities and Practices) or 258 (Criteriafor Municipa Solid Waste Landfills). For adiscussion of these
criteria, see Chapter 3, Section 3.1: “Regulatory History of the LandfillsIndustry”, or seethe Preambleto
the proposed landfill guideline at 63 FR 6426, 6431-32 (February 6, 1998).

Table5-1 presentsthe subcategorization of al of thelandfill facilitiesin the EPA database by questionnaire
identification number. All landfill facilitiesincluded in thistable completed a Detailed Questionnaire and
collect wastewater; however, not al of thefacilitiesincluded in thistable arewithin the scope of therule.
Landfill facilities not covered by thisruleinclude captive landfills, landfills that generate no in-scope
wastewater, and zero or dternative dischargefacilities. Chapter 2 discusses further the applicability of the

rule.

5.3 Other Factors Considered for Basis of Subcategorization

EPA also eva uated the appropriateness and significance of devel oping subcategories based on the other
factors presented earlier in this chapter. The following subsections present EPA’ s eval uation of each of

these factors.

531 Types of Wastes Received

Thetype of solid wastethat isdeposited in alandfill often hasadirect correlation to the characteristics of
the leachate produced by that landfill. Wastes deposited in landfills range from municipa solid waste and
non-hazardous materia sto hazardouswastes contai ning contaminantssuch aspesticides. Ananalysisof
the datacollected as part of thisstudy showed that there are differencesin the wastewater generated by
facilitiesthat dispose of hazardous wastes as compared to non-hazardous wastes. These differencesare

reflected in both the number and types of pollutantsof interest (asdefined in Chapter 7) identified in each



subcategory and in the concentrations of these pollutants found in the wastewater generated. Tables
presented in Chapters 6 (Tables 6-9 through 6-15) and 7 (Tables 7-1 and 7-2) of this document show

these differences.

Specifically, the pollutants of interest list for the Non-Hazardous subcategory contains atotal of 32
pollutants, whereas the pollutants of interest list for the Hazardous subcategory contains 63 pollutants (see
Chapter 7 for discussion on pollutants of interest). Inaddition, thereare morethan twiceas many pollutant-
of-interest metal s present in the hazardouslandfill leachate (12) asin non-hazardouslandfill leachate (5),
and there are twice as many organic pollutants of interest present at hazardous landfills (28) than at non-
hazardous|andfills (14). Pollutants anadyzed during EPA sampling episodes were detected approximatdy
47 percent of thetime at hazardous facilities versus gpproximately 31 percent of thetime at non-hazardous
facilities. Tables 6-9 through 6-13 in Chapter 6 present the median, minimum, and maximum
concentrations of the pollutants of interest for both subcategoriesand, although there are caseswherethe
concentrationsfound at non-hazardous|landfillsare greater than the concentrationsfound at hazardous
landfills, EPA detected higher concentrations of most pollutants of interest at hazardouslandfills. Inthe
proposed rule, EPA included datafrom numerous CERCLA fadilitiesin the calculation of hazardous landfill
raw wastewater pollutant characteristics. However, sincethesedischarges consisted primarily of ground
water and because thefina rule does not cover ground water, EPA decided not to usethe CERCLA data
to characterize hazardouslandfills. Table5-2 presentsthe median concentrations of pollutants of interest

common to both subcategories for hazardous and non-hazardous landfills.

In conclusion, EPA has determined that the most practical method of distinguishing the type of waste
depositedinalandfill isachieved by utilizing the RCRA classification of landfills. Asdiscussedin Section
5.1, the RCRA classification selected as the basis for subcategorization is based on the type of waste
received by the landfill, hazardous or non-hazardous. Therefore, the type of waste disposed at alandfill
isafactor that istaken into consideration becauseit isdirectly encompassed by the RCRA classification
scheme -- the sel ected subcategorization method.



Inaddition to subcategorizing the Landfillsindustry based on RCRA classification, EPA also considered
further subcategorizing the Subtitle D Non-Hazardous subcategory to account for differences between non-
hazardous |andfills and non-hazardous monofills. Subtitle D monofills, aclass of non-hazardouslandfills,
accept only onetype of wastethat include, but are not limited to, construction and demolition debris, ash,
and dudge. EPA decided not to further subcategorize Subtitle D landfill facilities. Thisdecisonisbased
on the following two considerations: (1) smilaritiesin waste acceptance and |leachate characteristics
between monofillsand other Subtitle D Non-Hazardouslandfills, and (2) ease of implementation. First,
EPA compared the number and type of pollutants present in Subtitle D municipal and non-municipal
leachate. Asshownin Table 6-9in Chapter 6, thereare nine pollutants of interest for Subtitle D non-
municipal solid waste landfillswhereasthere are 32 pollutants of interest for Subtitle D municipal solid
waste landfills. Although there were fewer pollutants of interest detected at non-municipa solid waste
landfills, therewereno pollutantsof interest a non-municipa solid wastelandfill sthat were not a so present
a municipa solid waste landfills. Thisisnot unexpected, asthe waste deposited in municipa solid waste
landfillsand dedicated monofillsisnot mutudly exdusive. Although cellsat adedicated landfill may prohibit
disposa of municipa refuse, amunicipa solid wastelandfill may aso accept ash, dudge, and construction
and demolitionwastes. EPA also compared the median raw wastewater concentration datafrom Subtitle
D municipa solid waste and non-municipal solid waste landfillsin the EPA databasein Table 6-9 and
determined that the concentrations present at non-municipa solid waste landfillswere equivalent to or less
than the concentrations present a municipa solid waste landfills. EPA acknowledgesthat certain types of
Subtitle D non-municipa solid waste landfills have alow organic content in their wasteweater, and asaresult
some monofills, such as ash monofills, may not be able to operate biological treatment systems such as
those selected for BPT/BAT for the Non-Hazardous subcategory. For those monofillsthat do not accept
organic wastes, EPA found that many of the facilities could meet the subcategory limitations without
treatment and, for those that could not, aternative technologieswere available at costs no greater than
thosetechnol ogies EPA eva uated (and determined) to be economically achievablefor the subcategory as
awhole. EPA included the costs associated with these aternate technologiesin the final cost impact
analysis. See Chapter 11 for further discussion.



To further assessthe differences between municipa solid waste and non-municipa solid waste landfillsin
the Non-Hazardous subcategory, EPA evaluated |eachate characteristics from Subtitle D non-municipa
solid waste landfillsin published reports. Table 5-3 includes data from three reports' that analyzed
congtruction and demolition monofills, ash monofills, and co-disposa sites and comparesthese datato the
median raw wastewater data collected from non-hazardous municipal solid waste landfillsaspart of the
Landfillsindustry study. The data contained in these reports indicate that the leachate characteristics at
construction and demolition, co-disposal, and ash monofill facilities are comparable to the leachate
characteristicsfrommunicipa solid wastelandfills. Both thenumber and type of parametersintheleachate
do not differ among thesetypes of facilities, and concentration levelsfor dl pollutants are comparable, with
many parameters found at lower concentrationsin the data from the construction and demolition, co-
disposa, and ash monofill facilities. Therefore, EPA has concluded that untrested |eachate characteristics
at thesefacilitieswere not sgnificantly different than at other non-hazardouslandfill facilitiesand did not

merit further subcategorization.

Inaddition, EPA collected datafrom six Subtitle D monofills during the EPA sampling program, including
two dudge mondfills, two ash monofills, and two congruction and demolition mondfills. Table5-4 presents
the average raw wastewater data for selected pollutants, along with the types of waste landfilled at each
monofill. EPA evauated itsmonofill dataa ong with commenter submitted dataand the datareferenced
in Table5-3 and determined that there are differencesin wastewater characteristics between different types
of monofills. Most of these differences result from the fact that not all monofills accept the same types of
waste. Some monofills accept primarily organic wastes (construction and demoalition, sludge), others
accept primarily inorganic wastes (ash, lime), and many monofills accept a combination of organic and
inorganic wastes. Asaresult of the varioustypes of monofills, EPA determined that a single subcategory

for al monofillswould till not addressthe Situation where acertain class of condtituentsisregulated even

Lo Study of Leachate Generated from Construction and Demolition Landfills’, Department of Environmental

Engineering Sciences, University of Florida, August 1996; “ Characterization of Municipal Waste Combustion
Ashes and L eachates from Municipal Solid Waste Landfills, Monofills, and Co-Disposal Sites’, U.S. EPA, EPA
530-SW-87-028D, October 1987; “ Characterization of Municipal Waste Combustion Ash, Ash Extracts, and
Leachates”, U.S. EPA, EPA 530-SW-90-029A, March 1990.
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though not al types of monofills contain those constituents (e.g. a utility ash monofill with low raw
wastewater BOD; concentrationswould still bein the same subcategory asad udge monofill which may
contain moderate levelsof BOD,). Thus, EPA would need to establish a separate subcategory for each
type of monofill to addressthe differences among them. Therefore, rather than develop multiple monafill
subcategories, EPA decided that, since the types of pollutants and concentrations of pollutants found at
monofills are, for the most part, equivaent to or less than those found at municipa solid waste landfills, a
singlesubcategory isappropriatefor Subtitle D landfills. EPA concluded that the pollutantsregul ated for
the Subtitle D Non-Hazardous subcategory will control thedischargesfrom all typesof Subtitle D landfills,

including monofills.

The second consi deration was based on ease of implementation. Asdiscussed in Section 5.2, the RCRA
classification scheme sdlected asthe basisfor subcategorization clearly defines non-hazardous, hazardous,
and municipa solid wastelandfill facilities. However, RCRA does not make any further distinction nor
further dividethe Subtitle D landfill facilitiesbased on whether they aremonafillsor if they receivemultiple
typesof waste. Therefore, by further subcategorizing the Subtitle D facilitiesinto monofillsand multiple
wadtelandfills, anew classification scheme would be introduced to permit writers and regulated facilities.
EPA concluded that the current RCRA classification schemeiswidely understood by permit writersand
regulated landfill facilities, making it the easiest of the subcategorization approaches to implement.
Additiondly, thereare many facilitiesthat operate both dedicated cells (smilar to monofills) and municipa
solid waste cells at the samelandfill and commingle the wastewater prior to treatment. Establishing one
subcategory for al non-hazardous landfills will ease implementation issues and adequately control

discharges from the Landfills industry.

532 Wastewater Characteristics

EPA concluded that |eachate characteristics from non-hazardous and hazardous landfills differed
sgnificantly from each other in the types of pollutants detected and the concentrations of those pollutants.
Thetables supporting this conclusion are presented in Chapter 6 (Tables 6-9 through 6-13) and Chapter
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7 (Tables 7-1 and 7-2) of thisdocument. As expected, EPA found that the leachate from hazardous
landfills contained agreater number of contaminants at higher concentrations than leachate from non-
hazardous landfills, as discussed in Section 5.3.1. This conclusion supports subcategorization based on

RCRA classification of hazardous and non-hazardous landfills.

In EPA’ seva uation of contaminated ground water, thewastewater characteristics of contaminated ground
water from hazardous |landfill sdiffered sgnificantly from the contaminated ground water characteristics at
non-hazardouswastelandfills, asshownin Table 5-5 and Table 5-6, respectively. Contaminated ground
water from non-hazardous landfills contained only 16 pollutants of interest (as defined in Chapter 7)
compared to the contaminated ground water from hazardouswastelandfillswhich contained atotal of 54
pollutants of interest. In addition, effluent data collected in support of this rule demonstrate that
contaminated ground water flows at hazardous and non-hazardous facilities are, in genera, currently

adequately treated as aresult of existing corrective action programs under RCRA.

Duetothesite-to-sitevariability of contaminated ground water, EPA has decided that the treatment of
theseflowsisbest addressed through the RCRA Corrective Actionsprogram. RCRA Corrective Action
programsat thefederal, state, and locdl level have the ability to consider the site-to-site variability of the
contaminated ground water and provide the most applicable treatment necessary to control the
contaminants. Therefore, EPA has decided to exclude contaminated ground water from this regulation.
Chapter 2 fully describesEPA’ sdecision not to include contaminated ground water asalandfill wastewater
covered by this regulation.

53.3 Facility Size

EPA considered subcategorization of the Landfillsindustry on the basisof facility size and found that
landfills of varying Sizes generate Smilar wastewater and use Smilar treatment technologies. Based upon
areview of theindustry-provided datain thelandfills database, there was no observed correl ation between

waste acceptance amount or wastewater flow rate and the selection of treatment technologies. For
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example, alandfill facility can add cells or increase its waste receipt rate depending on the local market
need without altering or changing the characteristics of thewastewater generated. In addition, thesize of
alandfill was not determined to be afactor in cost-effectiveness of the regulatory options considered by
EPA. Finaly, EPA has determined that wastewater from landfills can be treated to the same level
regardlessof facility Sze. EPA did not promulgate ade-minimisflow exemption for thisguiddine; however,
EPA hasaccounted for landfill facilitiesthat generate smal volumes of wastewater by estimating compliance
costsfor the BPT/BAT optionsbased on treating their wastewater off-siteat aCWT facility (see Section
9.2.5).

5.34 Ownership

EPA considered subcategorizing theindustry by ownership. A significant number of landfillsare owned
by state, local, or federal governments, while others are commercialy or privately owned. Landfills
generdly fdl into the following two mgjor categories of ownership: municipa or private. Landfillsowned
by municipaitiesare primarily designed to recelve non-hazardous solid waste such asmunicipd solid waste,
non-hazardous industrial waste, construction and demolition debris, ash, and sludge. However,

municipally-owned landfills may also be designed to accept hazardous wastes.

Privately-owned landfills can also provide for the disposal of non-hazardous solid waste such asthose
mentioned above, and, like municipally-owned facilities, may aso be designed to accept hazardouswastes.
EPA found that current commercialy- and municipaly-owned landfills generdly accept and manage wastes
strictly by the RCRA classification and, although there are distinct economic differences, thereis no
distinction in the wastewater characteristics and wastewater treatment employed at commercially- or
municipaly-owned landfills. Sincedl landfill types could be of either ownership status, EPA determined
that subcategorization based upon municipal and private ownership was not appropriate.

535 Geographic L ocation

EPA considered subcategorizing theindustry by geographiclocation. Landfill stesarenot limited to any
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oneregion of the United States. A table presenting the number of landfills by state is presented in Chapter
3(Table3-1). WhileEPA included landfillsfromal sectionsof the country inthe Agency’ ssurvey efforts,
collection of wastewater characterization dataas part of EPA’ s sampling episodeswas limited to landfill
facilitiesin the Northeast, South, and Midwest, where annual precipitation is either average or above
average. Althoughwastewater generation rates gppear to vary with annua precipitation, whichisindirectly
related to geographiclocation, EPA could not establish adirect correlation between leachate characteristics
and geographic location dueto lack of sampling datafrom arid parts of the United States. However, the
Agency believesthat seasond variaionsinrainfal causeonly minor fluctuationsin leachate characterigtics
dueto dilution effects and volume of leachate generated. In addition, many landfill facilities have developed
site-specific best management practices to control the amount of rainwater that enters alandfill and
eventually becomes part of the leachate. These practicesinclude proper contouring of landfill cells,
extensve useof daily cover, and capping of inactive landfill cellsto minimize the amount of rainwater that
entersthelandfill. EPA’ sdatacollection effortsindicatethat landfill facilitiesinlessarid climatesaremore
likely to use these management practicesto control their wastewater generation and flowsto the on-site
wastewater treatment plant. The data collected by EPA did not indicate any significant variationsin

wastewater treatment technologies employed by facilitiesin colder climates versus warmer climates.

EPA notesthat geographic location may have adifferential impact on the costs of operating alandfill. For
example, the cost of additional equipment required for the operation of thelandfill or treatment system or
tipping fees charged for the hauling of waste may differ from regionto region. Theseissueswereaddressed

in the economic impact assessment of the final rule.
Therefore, since the effect of geographic location appears to have a minimal impact on wastewater

characteristics or can be easily addressed at minimal effort and cost, EPA determined that
subcategorization based upon geographic location was not appropriate.
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5.3.6 Facility Age

EPA considered subcategorization based on the age-related changes in leachate concentrations of
pollutants for different age classes of landfills based on the evaluation of several factors. Several
considerations lead to the conclusion that age-related limits are not appropriate. First, afacility’s
wastewater treatment systemtypically receivesand comminglesleachatefrom severa landfillsor cellsof
different ages. The Agency has not observed any facility which hasfound it advantageous or necessary to
treat age-related leachates separately. The Agency did, however, sampletwo landfill facilitiesthat had only
onecel. Oneof thefacilities had been receiving wastesfor nine yearsin itslandfill cell, while the other
facility had only beenreceiving wastefor oneyear. EPA compared the raw wastewater concentrations
of the congtituentsin thesetwo cellsand found the concentrationsto bevery similar. Inaddition, most of
the constituents in both cells were close to the median raw wastewater concentration for the Non-
hazardous subcategory. Second, based on responses to the questionnaire, discussions with landfill
operatorsand historical data, EPA understandsthat |eachate poll utant concentrations appear to change

substantially over the first two to five years of operation but then change only slowly theresfter.

Thesetwo observationsimply that treatment systems must be designed to accommodate the full range of
concentrations expected in influent wastewater. EPA concluded that the BPT/BAT/NSPS treatment
technologiesareabletotreat thevariationsin landfill wastewater likely to occur dueto age-related changes.
EPA has taken into account the ability of treatment systems to accommodate age-related changesin
|eachateconcentrations, aswel | asshort-termfluctuationsby promul gating effluent limitationswhichreflect

the variability observed in monitoring data spanning up to three years.

Additiondly, EPA addressed age-related effects on treatment technologies, costs, and pollutant |oads by
utilizing data.collected from avariety of landfillsin various stages of age and operation (e.g. closed, inactive,
active). EPA sampled landfills of various ages and stages of operation (active, inactive, closed), lined and
unlined, and concluded that the landfill database used to devel op the effluent limitationsrepresentsleachate
typicaly found a SubtitleD landfills. Inaddition, EPA received commentsfrom severd commenters steting

5-11



that theleachate characterization data presented in the proposal was cons stent with their own monitoring

data.

However, several commenters on the proposed rule stated that EPA’ s sampling data did not represent
adequately the age-rel ated differencesthat can exist between leachatesfrom landfills of different ages.
Table 5-7 presents the age of the landfills sampled by EPA. The table includes the sampling episode
number and RCRA classification of each landfill, the number of cdllsin each landfill, whether thelandfill is
lined or not, the year the landfill began accepting waste, the year it stopped accepting waste, and the
projected landfill closuredate, if available. All information onlandfill ageswere obtained fromthe Detalled
Questionnaire or the sampling reportsfrom thesefacility’ ssampling episodes. All of EPA’ssampling
episodes occurred during atwo year period from 1993 to 1995. Grouping facilitiesshownin Table 5-7
according to the year the facility began accepting waste and by regulatory history, thereare ten pre-1980
landfills (before 1980 Section 3001 of RCRA); five landfillsthat fal inthe 1980 to 1983 range (before the
1984 Hazardous and Solid Waste Amendment to RCRA); fivelandfillsthat fal in the 1984 to 1988 range
(before Land Disposal Redtrictions (LDR)); and five landfillsthat are post-1988 (after LDR). The landfill
facilities sampled by EPA were between one and 43 years of age at thetime of sampling. Asseenin Table
5-7, themgority of landfill facilitiessampled contained morethan one cdl, and often more than onelandfill,
and many of theselandfill facilities commingled the leachate discharges from cellsand landfills of various
ages. Asmentioned above, the Agency sampled raw wastewater at two landfill cells of different agesand
found the concentrations of congtituentsto be very smilar. EPA did not identify any facility that treated
leachates separately due to differencesin age.

To determineif significant differences existed between landfills of various ages, EPA compared pollutant
concentration datafrom Subtitle D landfill facilities of different agesin the EPA database. Table 5-8
presentsthe median raw wastewater concentration for selected conventiona, nonconventiond, organic and
metd pollutantsfor non-hazardouslandfillswith avalableraw wastewater datain the EPA database by age
group. EPA determined the raw wastewater median concentrations in the table by: 1) calculating the
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average concentration of a pollutant at alandfill facility using datafrom EPA sampling episodes, Detailed
Questionnaires, and Detailed Monitoring Questionnaires, and then 2) cal cul ating the median concentration

of the landfill facility average concentrations.

Asseenin Table5-8, when landfillsof variousagesfrom EPA’ slandfill effluent guidelines database are
compared, itisdifficult to pinpoint any particular trend (i.e. organic pollutant concentrations decrease
sgnificantly with age). The absence of any particular trend associated with pollutant concentrations across
landfill facilities of various ages may be due to the fact that most of the older landfill facilitiesin EPA’s
databasehave newer landfill cellswhoseleachateiscommingled for treatment with theleachatefromthe
older landfill cells. EPA acknowledgesthat age-rel ated changesinlandfill leachate characteristicswould
be expected from individua landfill cells. Most of the older landfill cells have lower concentrations of
BOD., COD, and most organic pollutants indicating asmaller amount of degradable compoundsfrom the
aged waste (reference 13). In addition, aged leachates contain high levels of chemically reduced
compounds, such asammonia, and high chlorides because of the anaerobic environment of the landfill.
Thesetrendstend to betruefor individua landfill cells. Again, however, as mentioned above, the Agency
sampled raw wastewater at two landfill cellsof different agesand found the concentrations of congtituents
to bevery smilar. However, when looking at alandfill facility asawhole (whereleachatesfrom severa
cdlsof variousagesare commingled for treetment), thelandfills effluent guidelines database does not fully
support such atrend. Furthermore, thetimeframe of these age-related changesisnot consistent in every
landfill. Severd factorsincluding sizeof acell, composition and disposition of refuse, precipitation levels,
and the influence of leachate from older cells on newer cells, can, and do, affect how aleachate’'s
composition changeswithtime. However, ingenerd, these pollutant concentrationsarewithin the same
order of magnitude and the Agency concluded that thisage-related variability in wastewater characteristics
can be adequately controlled by the BPT/BAT treatment options, as demonstrated by the BAT facilities
sampled by EPA.
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Based on this analysis of the effects of age on wastewater characteristics, EPA determined that
subcategorization based on facility age is not appropriate.

537 Economic Characteristics

EPA a so considered subcategorizing theindustry based on the economic characteristics of thelandfill
fadilities If agroup of facilitieswith common economic characteridtics, such asrevenue Sze, wasin amuch
better or worse financial condition than others, EPA could consider subcategorization on economics.
However, based on the results of the Detailed Questionnaires, financid conditions of facilities showed no
sgnificant pattern of variation acrossposs blesubcategories, suchasmunicipally- and commercidly-owned
fecilities. Inaddition, EPA determined that the economic impacts of the compliance costs associated with
the BPT/BAT regulations did not inordinately effect any particular segment of the Landfillsindustry.
Therefore, EPA determined that subcategorization based on the economic characteristics of landfills

facilities was not justified.

5.3.8 Treatment Technologies and Costs

Wastewater treatment for thisindustry rangesfrom primary systems such asequalization, screening, and
settling, to advanced tertiary treatment systems such asfiltration, carbon adsorption, and membrane
separation. EPA found that the sel ected treatment technology employed at afacility was dependent on
wastewater characteristics and permit requirements. Landfills with more complex mixtures of toxic
pollutantsin their wastewater generally had more extensive treatment systems and may utilize severa
treatment processes(e.g., facilitieswith high levels of both organic and inorgani ¢ pollutants may employ
both achemical and biological treatment system). However, subcategorizing by thewaste typereceived
by alandfill as outlined in the RCRA classfication of landfillsisless difficult to implement and resultsin
addressing the samefactors as using treatment processesemployed. Asaresult, EPA did not consider

treatment technologies or costs to be a basis for subcategorization.
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5.39 Energy Requirements

The Agency did not subcategori ze based on energy requirements becauise energy usage was not considered
asignificant factor inthisindustry and isnot related to wastewater characteristics. Energy costsresulting
from this regulation were accounted for in the cost section of this devel opment document (Chapter 9) and

in the economic impact assessment.

5.3.10 Non-Water Quality Impacts

The Agency evauated theimpacts of thisregulation on the potentia for increased generation of solid waste
andair pollution. Thenon-water quality impactsdid not congtitute abasisfor subcategorization. Non-water
quality impacts and costs of solid waste disposal areincluded in the economic analysisand regul atory
impact analysisfor thisregulation. See Chapter 10 for more information regarding non-water quality

impacts.
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Table 5-1: Subcategorization of the EPA Landfills Database

Hazardous Subcategory Detailed
Questionnaire ID Numbers

Non-Hazardous Subcategory Detailed
Questionnaire ID Numbers

16005 16001 16128
16007 16003 16129
16017 16008 16130
16018 16009 16131
16019 16011 16132
16031 16012 16135
16032 16013 16137
16034 16014 16139
16036 16015 16148
16037 16016 16150
16040 16020 16151
16041 16023 16152
16042 16024 16153
16044 16025 16154
16045 16026 16155
16051 16027 16156
16066 16028 16158
16067 16029 16159
16068 16033 16160
16069 16035 16161
16081 16038 16162
16086 16039 16163
16087 16043 16164
16094 16046 16165
16095 16047 16166
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Table 5-1: Subcategorization of the EPA Landfills Database (continued)

Hazardous Subcategory Detailed Non-Hazardous Subcategory Detailed
Questionnaire ID Numbers Questionnaire ID Numbers
16101 16048 16170
16104 16049 16171
16105 16050 16173
16106 16052 16174
16108 16053 16175
16110 16054 16176
16134 16055 16177
16136 16056 16180
16140 16057 16184
16141 16058 16185
16142 16059 16186
16143 16060 16187
16144 16061 16189
16145 16062 16190
16146 16063 16191
16147 16064 16193
16149 16065 16196
16167 16070 16199
16168 16071 16200
16169 16072 16201
16178 16073 16202
16179 16074 16203
16182 16075 16204
16183 16076 16205
16192 16077 16206
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Table 5-1: Subcategorization of the EPA Landfills Database (continued)

Hazardous Subcategory Detailed Non-Hazardous Subcategory Detailed
Questionnaire ID Numbers Questionnaire ID Numbers
16197 16078 16208
16210 16079 16211
16218 16083 16212
16235 16084 16215
16238 16085 16217
16088 16219
16090 16220
16091 16221
16092 16222
16093 16223
16097 16224
16098 16225
16099 16228
16102 16230
16103 16231
16107 16232
16109 16233
16111 16234
16113 16236
16114 16239
16115 16240
16116 16241
16117 16242
16118 16243
16119 16245
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Table 5-1: Subcategorization of the EPA Landfills Database (continued)

Hazardous Subcategory Detailed Non-Hazardous Subcategory Detailed
Questionnaire ID Numbers Questionnaire ID Numbers

16120 16246

16121 16248

16122 16249

16123 16250

16124 16251

16125 16252

16127 16253
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Table 5-2: Raw Wastewater Median Concentrations of Pollutants of Interest Common to Both the

Hazardous and Non-Hazardous Landfill Subcategories

Non-Hazardous Hazardous Non-Hazardous

Pollutants of Interest Median Concentration Median Concentration*
(mg/L)

Ammonia 268 75-82

BOD 621 67 - 240

COD 1,309 994 - 1,100

Nitrate/Nitrite 16 0.65-0.95

TDS 15,958 2,894 - 4,850

TOC 441 236 - 377

Total Phenols 25 0.25-0.57

TSS 151 21- 137
(uglL)

1,4-Dioxane 466 11

2-Butanone 1,048 1,082

2-Propanone 2,889 992

4-Methyl-2-Pentanone 500 101

Alpha Terpineol 96 123

Benzoic Acid 2,482 100

Hexanoic Acid 2,703 5,818

Methylene Chloride 118 37

O-Cresol 79 15

Phenol 4,400 102

P-Cresol 144 75

Toluene 104 108

Tripropyleneglycol Methyl Ether 853 197

Chromium 36 28

Strontium 3,044 1,671 - 4,615
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Table 5-2: Raw Wastewater Median Concentrations of Pollutants of Interest Common to Both the
Hazardous and Non-Hazardous L andfill Subcategories (continued)

Non-Hazardous Hazardous Non-Hazardous
Pollutants of Interest Median Concentration Median Concentration*
Titanium 33 64
Zinc 100 100
* Non-Hazardous subcategory median concentrations are presented as a range because raw

wastewater data was calculated separately for municipal solid waste and non-municipa solid
waste facilities.
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Table 5-3: Comparison of Subtitle D Non-Municipal and Municipal Raw Wastewater Pollutant Concentrations (ug/L)

EPA Characterization Studies - Data Range

Subtitle D Municipal

Pollutant C & D Study Raw Wastewater Median Concentration
1990 1987
Mean © Facilities Ash Co-Disposal Monofills Median Mean Max
Metals Det/Total® Monofills
Arsenic 12.3 12/16 ND(50) - 400 8-46 10 - 218 32.4 50.4 179
Barium 661 13/13 ND(2) - 9,220 270 - 890 NA 483 720 3,500
Boron NA NP NA NA NA 3,910 3,874 16,250
Chromium NA NP ND(7) - 32 ND(10) - 13 5-914 28 46 240
Hexavalent Chromium NA NP NA NA NA 30 77 247
Molybdenum NA NP NA NA NA 10 27 69
Silicon NA NP 470 - 15,300 NA NA 15,759 28,817 159,000
Strontium NA NP NA NA NA 1,671 1,569 2,146
Titanium NA NP NA NA NA 64 66 157
Zinc 658 15/15 5.2-370 9-1,210 48 - 3,300 100 1,476 31,813
Organics
1,4-Dioxane 49 1/5 NA NA NA 11 118 323
2-Butanone NA NP NA NA ND(50) 1,082 5,119 36,544
2-Propanone NA NP NA NA ND(50) 991 2,407 8,614
4-Methyl-2-Pentanone 130 2/8 NA NA ND(50) 101 3,789 46,161
Alpha Terpineol NA NP NA NA ND(50) 123 334 1,061
Benzoic Acid 15,457 4/9 ND(50) - 73 NA ND(50) 100 7,220 33,335
Dichloroprop NA NP NA NA ND(50) 6 10 29
Disulfoton 3.3 2/4 NA NA NA 6 9 20
Hexanoic acid NA NP NA NA ND(50) 5,818 13,148 37,256
MCPA NA NP NA NA NA 403 816 4,370
MCPP NA NP NA NA NA 233 432 1,900
Methylene Chloride 26.4 4/9 NA NA ND(50) 37 70 237
N,N-Dimethylformamide NA NP NA NA ND(50) 10 214 1,008
O-Cresol 50 2/8 NA NA ND(50) 15 298 2,215
Phenol 384 3/6 ND(10) - 32 ND(50) - 2,100 ND(1.5) 102 287 1,425
P-Cresol NA NP NA NA ND(50) 75 246 998
Toluene 61 719 NA ND(50) - 120 ND(50) 108 166 598
Tripropyleneglycol Methyl Ether NA NP NA NA ND(50) 197 568 1,235
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Table 5-3: Comparison of Subtitle D Non-Municipa and Municipal Raw Wastewater Pollutant Concentrations (ug/L) (continued)

EPA Characterization Studies - Data Range

Subtitle D Municipal

Pollutant C & D Study Raw Wastewater Median Concentration
1990 1987
Conventional/Nonconventionals Mean © Facilities Ash Co-Disposal Monofills Median Mean Max
Det/Total® Monofills
BOD 87,320 14/14 NA NA NA 240,000 1,228,534 | 7,609,318
COoD 754,500 16/17 NA 1,300,000 - 5-1,200,000 994,000 2,024,932 11,881,700
Ammonia Nitrogen 20,420 16/78 4,380 - 77,400 3,900,000 1,200 - 36,000 81,717 238,163 2,900,000
TDS 2,263,100 17/18 924,000 - 41,000,000 160,000 - 410,000 NA 2,894,289 4,195,518 17,533,000
TSS 1,859,100 17/18 NA NA NA 137,000 735,308 14,470,000
Total Phenols 620 77 NA 1,930,000 - NA 571 142,838 2,051,249
Nitrate/Nitrite NA NP NA 7,970,000 NA 651 5,844 50,800
TOC 306,540 717 17 - 420,000 NA 59,100 - 636,000 | 376,521 661,477 3,446,084
NA
438,000 - 1,310,000

Dioxins/Furans

1234678-HpCDD NA NP ND(NV) - 0.222® 0.12 - 0.77@ 0.009 - 172@ 0.00014 0.0024 0.0071
OCDD NA NP ND(NV) - 0.107 0.21-15 0.06 - 120 0.0018 0.030 0.0824

All units in ug/l unless otherwise noted
*: The number of sites that detected the parameter/the total number of sites that sampled the parameter
(1): Mean includes non-detects for metals and conventionals/nonconventionals and does not include non-detects for organics and dioxins/furans
(2): Total homolog concentration

NA: Not Analyzed
ND: Not Detected

NV: Not Available
NP: Not Applicable




Table 5-4: Summary of EPA Sampling Data for Subtitle D Monofills Average Raw Leachate Data for Selected Pollutants

vZ-G

Episode |Waste Type Landfilled BOD, TSS Ammonia Zinc Alpha Benzoic P-Cresol Phenol
Terpineol Acid
mg/L)
4503 mill sludge (clay, lime, cellulose), 120 104 53.2 0.028 ND ND ND ND
fly ash, bark
4630 POTW sludge 85 292 118 0.086 ND ND ND ND
4631 municipal resource recovery ash 12 11 75 0.033 ND ND ND 0.092)
4638 C&D débris, state-regulated non- 67 22 0.67 0.102 ND ND ND ND
hazardous waste
4639 municipal resource recovery ash, 4 4 0.1 0.06 ND ND ND ND
WWTP residues
4644 C&D, yard waste, bricks, rubble, 13 4 0.85 0 ND ND ND ND
waste oil
ND: Non-Detect

NA: Datanot provided.
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Table 5-5: Average Contaminated Ground Water Pollutant Concentrations at Hazardous Landfills
in the EPA Database (ug/L)

QID QID QID QID QID QID QID QID QID QID
Hazardous Groundwater 16018 | 16031 | 16032 | 16034 16036 16094 16095 16136 16141 16144
Pollutant of Interest Cas# MDL Inf Eff Eff Inf Inf Eff Inf Eff Inf Eff Inf Eff

1,1-Dichloroethane 75243 10 230 113 89 5ND 121522 10
1,1,1-Trichloroethane 71556 10 180 185 1 ND 370 5ND 37598 10
1,1,2,2-Tetrachloroethane 79345 10 05ND 1ND 218139 445
1,2,4-Trichlorobenzene 120821 10 265 19 ND
1,2-Dichlorobenzene 95501 10 1 ND 10491 19 ND
1,2-Dichloroethane 107062 10 4 1ND 1376889 357
1,2,3-Trichloropropane 96184 10 1300084 138
1,3-Dichlorobenzene 541731 10 16628 19 ND
1,4-Dichlorobenzene 106467 10 1 ND 25655 19 ND
1,4-Dioxane 123911 10 46 6429 3738
2,4-Dichlorophenol 120832 10 101 109 ND
2378-TCDD 1746016 0.00001 0.00016

2378-TCDF 51207319 0.00001 0.0066

2,45-T 93765 0.2 5

2,45-TP 93721 0.2 2

2-Propanone 67641 50 25424 446
Anmnmoniaas Nitrogen 7664417 10 27444 17760
Arsenic 7440382 10 50 ND 80 13
Benzene 71432 10 520 4606 37922 10
Benzoic Acid 65850 50 1330 1920
Benzyl Alcohol 100516 10 298 282
Bis(2-chloroethyl)ether 111444 10 16518 34716
Bis(2-ethylhexyl)phthal ate 117817 10 1039 19 ND
BOD C-002 2000 2700 86500 55230
Boron 7440428 100 846 770
Cadmium 7440439 5 3 ND 9 8
Chlorobenzene 108907 10 920 1ND 12936 10
Chloroform 67663| 10 132025 32
coD C-004 5000 23600 6423889 2445850
Copper 7440508 25 53 521
Dalapon 75990 0.2 109

Dicamba 1918009 0.2 34

Dichlorvos 62737 5| 236
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Table 5-5: Average Contaminated Ground Water Pollutant Concentrations at Hazardous Landfill
in the EPA Database (ug/L) (continued)

QID QID QID QID QID QID QID QID QID

Hazardous Groundwater 16018 | 16031 | 16032 | 16034 16036 16094 16095 16136 16141 16144

Pollutant of Interest Cas# MDL Inf Eff Eff Inf Inf Eff Inf Eff Inf Eff Inf Eff

Dinoseb 88857 0.5 14
Dioxathion 78342 5] 270
Ethyl Benzene 100414 10) 372 2| 14694 10
Hexane Extractable Material C-034 5000 1700222 8750
Hexanoic Acid 142621 10) 16368 28013
Lithium 7439932 100 305 219
Methylene Chloride 75092 10 2 123572 40
Molybdenum 7439987 10 13 13
Naphthalene 91203 10) 54 4100 3766 19 ND
Nickel 7440020 40 10 136 1462
Nitrate/Nitrite C-004§ 50 1000 ND 2136 1571
Pentachlorobenzene 608935 20 4333 38 ND
Phenol 108952 10) 6029 1537
Silicon 7440213 100 6738 6602
Strontium 7440246 100 17156 12360
TOC C-012 1000 2055028 730700
Toluene 108883 10) 573 19 5ND 2573 22080 10
Trans-1,2-Dichloroethene 156605 10 1ND 84660 14
Trichloroethene 79016 10 5 272606 33
TSS C-009 4000 37000 121639 26450
Zinc 7440666 20 120 576 3451

MDL: Method detection limit
QID: Questionnaire ID
E: Sanpling episode

ND: Non-detect with respect to instrument detection limit (IDL)

*: IDL isgreater than detected value
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Table5-6: Average Contaminated Ground Water Pollutant Concentrations at Non-Hazardous Landfillsin the EPA Database (ug/L)

QID QID QID QID QID QID
Non-Hazardous Groundwater E4683 16016 16085 16088 16129 16132 16163
Pollutant of Interest Cas# MDL Inf Ef Inf Bf Inf Ef Inf Bf Bf Bf
1,1-Dichloroethane 75243 10 10 ND 0.3 ND 55 8.6 1 22 0.35 ND 4 ND
1,1,1-Trichloroethane 71556 10 10 ND 0.5 ND 14 ND 2.1 1 ND 17 0.45 ND 5 ND
1,2-Dichloroethane 107062 10 10 ND 0.3 ND 14 ND 2.1 ND 1 ND 15 0.35 ND 8
245T 93765 0.2 0.2 ND 0.2 ND 2 1 ND
245TP 93721 0.2 0.2 ND 2000 ND 0.2 ND 5 1.9 ND
2-Propanone 67641 50 50 ND 10.5 50 ND 50 ND 742 1.3
Ammoniaas Nitrogen 7664417 10| 1340 1284 256 1300 409 80551 563
Arsenic 7440382 10 2 ND 16 4.3 3 2 13 11 25
Benzene 71432 10 10 ND 0.3 ND 14 ND 5.7 2.2 1 ND 13 0.35 ND
Benzyl Alcohol 100516 10 10 ND 10 ND 10 ND 19
BOD C-002| 2000] 14000 1000 1000 ND 751 1000 ND 213655 1835
Boron 7440428 100 173 362 97 1091
Cadmium 7440439 5 4 ND 18 0.4 19 4 ND 15 5 ND 3.8 2
Chlorobenzene 108907 10 10 ND 0.5 ND 14 ND 2.1 ND 15 ND 12 0.35 ND 5 ND
Chloroform 67663 10 10 ND 0.5 ND 17 2.1 ND 1 ND 15
COD C-004| 5000] 28000 21637 51000 14000 33300
Copper 7440508 25 12 38 10 ND 10 ND 53 121 10 25
Dalapon 75990 0.2 0.2 ND 0.2 ND 6
Dicamba 1918009 0.2 0.2 ND 0.2 ND 10
Dinoseb 88857 0.5 0.5 ND 0.5 ND 3 50 ND
Ethyl Benzene 100414 10 10 ND 0.3 ND 14 ND 2.1 ND 1 ND 15 0.35 ND 5 ND
Methylene Chloride 75092 10 10 ND 1 3.3 ND 2.1 ND 35 ND 49 0.6 0.45
Naphthalene 91203 10 10 ND 36 ND 10 ND 10 ND 12
Nickel 7440020 40 14 ND 30 59 14 ND 27 45 21 16 40
Nitrate/Nitrite C-005] 50 2660 1300 1340 10000 ND
Phenol 108952 10 10 ND 545 ND 5718 ND 10 ND 145
Silicon 7440213 100 3530 3880 3270
Strontium 7440246 100 201 657 200
TOC C-012] 1000| 10000 ND 40000 10000 _ND 3996
Toluene 108883 10 10 ND 0.3 ND 14 ND 2.1 ND 1 ND 47 0.35 ND 5 ND
Trans-1,2-Dichloroethene 156605 10 10 ND 0.3 ND 2.8 5.7 3.6 1 ND 38 05 ND 0.35 ND 5 ND
Trichloroethene 79016 10 10 ND 0.35 10 ND 2.1 ND 1 ND 19 0.5 0.45 1
TSS C-009 4000[ 4000 ND 24000 5593 4000 ND 43848 2651
Zinc 7440666 20 15.2 35 70 16 82 24

MDL: Method detection limit
QID: Questionnaire|ID
E: Sampling episode

ND: Non-detect with respect to instrument detection limit (IDL)
*: IDL isgreater than detected value




Table 5-7: Age of Landfillsin EPA Sampling Database

Episode RCRA Number Y ear Landfill Y ear Landfill Projected

Classification of Cells Began Accepting | Stopped Closure
Waste Accepting Waste

4491 Subtitle D 25 1970 1994 1999
Lined (varies)

4503 Subtitle D 1 1974 1990 1992-3
Unlined

4626 Subtitle D 1 1986 1993 2000
Lined (comp)

4630 Subtitle D 5 1988 1994 2003
Lined (clay)

4631 Subtitle D 5 1987 - -
Lined (comp)
Subtitle C - 1972 1982 1991
Lined (clay)
Subtitle C 10 1972 1982 1991
Lined (clay)

4638 Subtitle D 5 1990 - -
Lined (dbl comp)

4639 Subtitle D 2 1988 - -
Lined (comp)

4644 Subtitle D 2 1989 - -
Lined (clay)

4659 Subtitle C - 1958 1981 1981
Unlined
Subtitle C - 1981 1988 -
Lined (clay)

4667 Subtitle D 4 1974 1993 1997
Lined (varies)
Subtitle D 1 1962 1974 1991
Unlined

4683 Subtitle D - GW 7 1981 - 2017
Lined (varies)
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Table 5-7: Age of Landfillsin EPA Sampling Database (continued)

Episode RCRA Number Y ear Landfill Y ear Landfill Projected

Classification of Cells Began Accepting | Stopped Closure
Waste Accepting Waste

4687 Subtitle D 1 1994 - -
Lined (comp)

4690 Subtitle C 9 1952 1973 1976
Unlined
Subtitle C 2 1980 1993 2008
Lined (comp)
Subtitle C 8 1968 1979 1980
Unlined
Subtitle D 1 1992 1993 1998
Unlined
Subtitle C 1 1982 1985 1986
Lined (clay)
Subtitle D 2 1991 1993 1998
Unlined

4738 Subtitle D 4 1984 1994 1998
Lined (clay)

4721 Subtitle C 2 1980 1993 1997
Lined (clay)

4759 Subtitle C 39 1975 1993 2000
Lined (varies)

(comp): composite liner (synthetic and clay)
(varies): cellslined with either synthetic, asphalt, clay, composite or double lined composite
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Table 5-8: Median Raw Wastewater Characteristics at Non-Hazardous Landfills
of Varying Age

Landfill AgeGroup (Y ear inwhich Landfill Facility Began Accepting

Pollutant Waste)
Pre-1980 1980-1990 1991-Present
Median Conc. Median Conc. Median Conc.
Ammonia 140 mg/L (15) 95 mg/L (10) 48 mg/L (3)
BOD; 210 mg/L (18) 125 mg/L (13) 344 mg/L (4)
COD 596 mg/L (17) 930 mg/L (11) 3,038 mg/L (4)
TOC 445 mg/L (15) 377 mg/L (8) 150 mg/L (3)
TSS 202 mg/L (17) 49 mg/L (9) 100 mg/L (4)
Alpha Terpineol 746 ug/L (2) 123 ug/L (1) -
Benzoic Acid 75 ug/L (4) 9,308 ug/L (1) -
P-Cresol 25 ug/L (5) 117 ug/L (2) -
Phenol 17 ug/L (8) 242 ug/L (4) 820 ug/L (1)
Chromium 27 ug/L (16) 31 ug/L (9) 10 ug/L (3)
Zinc 145 ug/L (16) 93 ug/L (12) 139 ug/L (4)

(): Parentheses denote number of observations (number of landfills with data).
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6.0 WASTEWATER GENERATION AND CHARACTERIZATION

In 1994, under the authority of Section 308 of the Clean Water Act (CWA), the Environmenta Protection
Agency (EPA) distributed aquestionnaire entitled “ Waste Treatment | ndustry Questionnaire Phasell:
Landfills’ to 252 facilitiesthat EPA had tentatively identified as possible generators of landfill wastewater.
Some of thefacilities employed on-site wastewater trestment, while others did not. EPA sdlected these
facilitiesfor survey purposesto represent atotal of 1,024 potential generators of landfill wastewater. A
totd of 220 questionnaire respondents generated landfill leechatein 1992. This section presentsinformeation
on wastewater generation at these facilities based on the questionnaire responses. In addition, this section
aso summarizesthe information on wastewater characterigticsfor landfill facilitiesthat EPA sampled and

for those facilities that provided self-monitoring data.

6.1 Wastewater Generation and Sour ces of Wastewater

Landfill facilitiesdo not generate*” processwastewater” asEPA hastraditiondly definedit. At40 CFR Part
122.2, EPA definesprocesswastewater as* any water which, during manufacturing or processing, comes
into direct contact with or results from the production or use of any raw materid, by-product, intermediate
product, finished product or waste product”. EPA typically usesthisdefinition of processwastewater for
manufacturing or processing operations. Since landfill operations do not include or result in “ manufacturing
processes’ or “products’, EPA refersto the wastewater treated at landfill facilities as landfill generated

wastewater.

In general, the types of wastewater generated by activities associated with landfills and collected for
treatment, discharge, or reuse are the following: leachate, landfill gas condensate, truck/equipment
washwater, drained freeliquids, |aboratory derived wastewater, floor washings, recovering pumping wells,
contaminated ground water, and ssormwater runoff. For the purposes of the Landfill industry study, EPA
considersal of these wastewater sources“in-scope” except for contaminated ground water, recovering

pumping wells, and non-contaminated storm water.



INn1992, landfill facilitiesinthe U.S. generated approximately 22.7 billion gallons of wastewater. For the
purposes of thisguideline, EPA consdersapproximatey 7.3 billion gallons of thiswastewater “in-scope’.
The remaining 15.4 billion gallons of wastewater generated at landfills consist of contaminated ground
water, wastewater recovered from pump wells, and non-contaminated stormwater. Theprimary sources

of wastewater at landfills are defined below.

Landfill leachate as defined at 40 CFR Part 258.2, isliquid that has passed through or emerged from solid
waste and contains soluble, suspended, or miscible materials removed from such waste. Over time, the
seepage of water through thelandfill asaresult of precipitation may increasethemobility of pollutantsand,
thereby, increasethe potential for their movement into the wider environment. Aswater passes through
thelayersof waste, it may “leach” pollutantsfrom the disposed waste, moving them deeper into the soil.
Thismobility may present apotentia hazard to public health and the environment through ground water
contamination and other means. One measure used to prevent the movement of toxic and hazardouswaste
constituentsfromalandfill isalandfill liner operated in conjunction with aleachate collection system.
Leachateistypically collected from aliner system placed at the bottom of thelandfill. Leachateaso may
be collected through the use of slurry walls, trenches, or other containment systems. The leachate
generated varies from site to site based on a number of factorsincluding the types of waste accepted,
operating practices (including shedding, daily cover, and capping), the depth of fill, compaction of wastes,
annua precipitation, and landfill age. Landfill leachate accountsfor over 97 percent of thetotal volume of

in-scope wastewater.

Landfill gas condensateisaliquid which has condensed in the landfill gas collection system during the
extraction of gasfrom withinthe landfill. Gases such as methane and carbon dioxide are generated dueto
microbid activity within thelandfill and must be removed to avoid hazardousand explosive conditions. In
gas collection systems, gases containing high concentrations of water vapor condense in traps staged
throughout the gas collection network. The gas condensate contains volatile compounds and accounts for

arelatively small percentage of flow from alandfill.



Drained free liquids are aqueous wastes drained from waste containers (e.g., drums, trucks, etc.) or
wastewater resulting from waste stabilization prior to landfilling. Landfillsthat accept containerized waste
may generatethistype of wastewater. Wastewater generated from these waste processing activitiesis
collected and usually combined with other landfill generated wastewater for treatment at the wastewater
treatment plant.

Truck/equipment washwater isgenerated during either truck or equipment washes at landfills. During
routine maintenance or repair operations, trucks and/or equipment used within the landfill (e.g., loaders,
compactors, or dump trucks) are washed and the resultant wastewater is collected for treatment. In
addition, it iscommon practice for many facilitiesto wash the wheels, body, and undercarriage of trucks
used to deliver thewasteto the open landfill face upon leaving the landfill. On-sitewastewater treatment
equipment and storage tanks are a so periodicaly cleaned and their associated washwatersare coll ected.
Floor washings generated during routine cleaning and maintenance of thefacility also are collected for

treatment.

Laboratory-derived wastewater is generated from on-site laboratories which characterize incoming waste
streams and monitor on-site treatment performance. Landfill facilitiesusually combinethevery small
amountsof wastewater from this sourcewith leachate and other wastewater for trestment at the wastewater

treatment plant.

Contaminated stormwater is storm water which comesin direct contact with landfill wastes, the waste
handling and trestment areas, or wastewater that is subject to the limitations and standards. Some specific
areasof alandfill that may produce contaminated ssormwater include (but are not limited to) thefollowing:
the open face of an active landfill with exposed waste (no cover added); the areas around wastewater
treatment operations; trucks, equipment or machinery that has been in direct contact with the waste; and
waste dumping areas. Storm water that does not come into contact with these areas was not considered

to be within the scope of this study.



Landfill operations aso generate and discharge wastewater that isnot covered by thisregulation. These
sources include non-contaminated storm water, contaminated ground water, and wastewater from
recovering pumping wells. Chapter 2: “ Scope of the Regulation” discussesthe exclusion of theseflows.

A brief description of this wastewater is presented below.

Non-contaminated (non-contact) stormwater is storm water that does not comein direct contact with
landfill wastes, the waste handling and trestment areas, or wastewater that is subject to the limitations and
standards. Non-contaminated storm water includes storm water which flows off the cap, cover,

intermediate cover, daily cover, and/or fina cover of the landfill.

Contaminated ground water iswater below the land surface in the zone of saturation which has been
contaminated by landfill leachate. Contaminated ground water occurs at landfillswithout liners or at
facilitiesthat haverel eased contaminantsfrom aliner system into the surrounding ground water. Ground
water can dso infiltrate the landfill or the leachate collection system if the water table is high enough to

penetrate the landfill area.

Recovering pumping wells generate wastewater as aresult of the various ancillary operations associated
with ground water pumping operations. These operationsinclude construction and development, well
maintenance, and well sampling (i.e. purgewater). Thewastewater will havevery smilar characteristics

to contaminated ground water.

6.2 Wastewater Flow and Discharge

Tables6-1 through 6-4 present national estimates of the flowsfor primary wastwater sourcesfound at
landfillsreportedin“ Section A” of the“Waste Treatment Industry Questionnaire Phasell: Landfills’.
Chapter 3, Section 3.2.1 discusses how EPA cal culated nationd estimates. The Agency based the national
estimates presented in Tables 6-1 through 6-4 on 167 of the 220 facilities that generate and treat landfill
leachate. EPA excluded theremaining 53 facilitiesfrom thisguideline asdiscussed in Chapter 2. EPA
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conddersthese 167 landfill facilitiesas*in-scope’ facilities, or within the scope of the regulation. Thetables
report the flows by subcategory, as follows: Non-Hazardous subcategory (broken down into Subtitle D
municipal solidwasteand non-municipa solid wastefacilities) and Hazardous subcategory. Thetablesdso

show theamount of wastewater flow from landfillsby dischargestatus, asfollows: direct, indirect, and zero.

Direct dischargefacilitiesarethose that discharge their wastewater directly into areceiving stream or body
of water. Based on nationa estimates, therewere no direct discharging hazardouslandfillsidentifiedinthe
Landfillsindustry study. Indirect discharging facilities discharge their wastewater indirectly to a publicly-
owned treatment works (POTW). Zero or alternative discharge facilities use treatment and disposal
practices that result in no discharge of wastewater to surface waters or POTWSs. Alternative disposa
optionsfor landfill generated wastewater include of f-site trestment at another landfill wastewater trestment
system or a Centralized Waste Treatment facility, deep well injection, incineration, evaporation, land

application, and recirculation back to the landfill.

Tables6-1, 6-2, and 6-3 present wastewater flows by subcategory (Hazardous and Non-Hazardous,
which is divided into Municipal and Non-Municipal) and discharge type for the different types of
wastewater generated by landfillsin 1992. Total flowsarereported for wastewater treated on siteand off
site, discharged untreated to a POTW or surface water, and recycled flows that are put back into the
landfill. Wastewater flowsidentified as* Other” treatment include evaporation, incineration, or deep well

injection.

Table 6-4 combinesthe in-scope wastewater flowsfrom Tables6-1, 6-2, and 6-3. Table 6-4 does not
include out-of-scope flows from contaminated ground water, recovering pumping wells, or storm water.
Thetable presentsthe national estimates of facilities subject to thisguideline and the estimated wastewater
flows from these facilities.

6.2.1 Wastewater Flow and Discharge at Subtitle D Non-Hazar dous L andfills

Landfill facilities generated gpproximatdly 7 billiongalons of in-scope wastewater a non-hazardouslandfills
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in 1992. Flows collected from leachate collection systems are the primary source of wastewater,

accounting for over 98 percent of the in-scope wastewater generated at non-hazardous landfills.

Landfill facilities subject to this guideline have severd optionsfor the discharge of their wastewater. EPA
estimates that there are 143 Subtitle D non-hazardous facilities discharging wastewater directly into a
receiving stream or body of water, accounting for 1.1 billion gallons per year. In addition, thereare 756

facilities discharging wastewater indirectly to a POTW, accounting for 4.7 billion gallons per year.

Also, there are anumber of facilitieswhich use treatment and disposal practicesthat result in no discharge
of wastewater to surface waters. The Agency estimates that there are 338 of these zero or aternative
dischargefacilities. Several zero or alternative dischargefacilitiesin the Non-Hazardous subcategory
recycle wastewater flows back into the landfill. Therecirculation of leachate is generally believed to
encouragethebiologicd activity occurring inthe landfill and accel eratesthe stabilization of thewaste. The
recirculation of landfill leachate is not prohibited by federal regulations, although many states have
prohibited thepractice. EPA estimatesthat 348 million gallons of landfill wastewater arerecirculated back

to Subtitle D non-hazardous landfill units each year.

6.2.2 Wastewater Flow and Discharge at Subtitle C Hazar dous L andfills

Hazardous landfill facilities generated approximately 342 million gallons of in-scope wastewater in 1992.
Flows collected from leachate collection systems are the primary source of wastewater, accounting for
approximately 72 percent of the in-scope wastewater generated at hazardous landfills, and routine
mai ntenance activities such astruck/equipment washing and floor washing account for 26 percent of the

flows.

Landfill facilities have severa optionsfor thedischarge of their wastewater. EPA’ ssurvey of the Landfills
industry did not identify any hazardous landfills subject to the guidelinethat dischargein-scopewastewater



directly to surface waters. EPA estimates that there are 6 facilities discharging wastewater indirectly to

POTWs, accounting for 40 million gallons per year.

TheAgency estimatesthat 139 hazardouslandfill facilitiesusezero or dternativedischargedisposa options
which account for over 302 million gallons per year. EPA estimatesthat 102 facilities ship wastewater off
stefor treestment, often to atreatment plant located at another landfill or to aCentraized Waste Treatment
facility. Shipping off steaccountsfor 9 million gallonsper year of wastewater. Another 36 facilitiesuse
underground injection for disposa of their wastewater, accounting for 312 million gallons per year, while

1 facility solidifies less than 0.1 million gallons per year of landfill wastewater.

6.3 Wastewater Characterization

The Agency collected the information reported in this section through its sampling program and data
supplied by the Landfillsindustry viatechnica questionnaires. EPA sampling programs consisted of five-
day eventsat landfillswith selected BAT treatment systems (EPA sampled both raw |leachate and treated
effluent at thesefacilities) aswell asone-day eventsto characterizeraw leachate quality at landfill facilities.
The Agency aso used industry-provided data, assupplied in the Detailed Questionnaire and inthe Detailed
Monitoring Questionnaire responses, to characterize landfill generated wastewater. In addition, for the
proposal, EPA used data collected as part of the Centralized Waste Treatment Industry study (see
reference 31) and Comprehensive Environmental Response, Compensation and Liability Act (CERCLA)
ground water study (see reference 25) in the characterization of the wastewater from hazardous landfill
fecilities. However, after proposal, EPA decided not to include CERCLA datain characterizing hazardous
landfill leachate because CERCLA discharges consisted primarily of ground water, which is not a
wastewater flow covered by thisregulation. Chapter 4 discussesthese data sourcesin detail aswel asthe
QA/QC procedures and editing rulesused to evaluate these data. EPA characterized the raw wastewater
for each subcategory by taking the median influent concentration from all datasourcesfor each pollutant
detected in that subcategory. This pollutant concentration isreferred to asthe Median Raw Wastewater

Concentration File.



This section presents background information on the types of wastewater generated at |andfill facilitiesand
thefactorsthat affect the wastewater characteristics. It aso discussesthe pollutant parameters analyzed
and detected at EPA sampling episodes and the methodol ogy for devel oping the Median Raw Wastewater
Concentration File. Thissection also presents availableliterature data on the wastewater characteristics

of Non-Hazardous subcategory landfill generated wastewater.

6.3.1 Background Information

Landfill generated wastewater iscomprised of several wastewater sourcesthat EPA discussed in Section
6.1. Wastewater that is subject to the landfill regulation includes landfill leachate, landfill gas condensate,
truck/equipment washwater, drained free liquids, |aboratory-derived wastewater, floor washings, and
contaminated storm water runoff. Wastewater sources at landfillswhich are not subject to the landfill
regulation include contaminated ground water, wastewater from recovering pumping wells, and non-
contaminated storm water. The following section discusses the primary sources of in-scope landfill

generated wastewater.

6.3.1.1 Landfill Leachate

Leachaeistheliquid which passesthrough or emergesfrom solid waste, and contains soluble, suspended,
or miscible materialsremoved from such waste. Severa factors affect leachate quality, including the

following:

. types of waste accepted/deposited
. operating practices (shredding, cover, and capping)

. amount of infiltration
. depth of fill

. compaction

. age



Wastetypesreceived for disposa arethe most representative characteristic of alandfill and, therefore, of
the wastewater generated, since the main contaminantsin the wastewater are derived from the materials
depositedinto thefill (see Chapter 5: Industry Subcategorization). Theamount of infiltration and theage
of alandfill primarily affect the concentration of contaminantsin the leechate. The remaining factors mainly

influence the rate of infiltration.

EPA considered the following two factors when characterizing landfill leachate: the concentration of
contaminants in the leachate and the volume of leachate generated. On arelative basis, the highest
concentrations of contaminants are typicaly present in leachate of new or very young landfills. However,
theoverdl loads (i.e., the mass) of pollutants are generally not very large because new landfillstypicaly
generatelow volumesof leachate. Asthevolume of waste approachesthe capacity of thelandfill and the
production of leachate increases, both the pollutant loadings (flow x concentration) and the concentrations
of certain contaminants (mainly organic pollutants) increase. Theincrease of pollutant concentration is
attributed to the onset of decomposition activitieswithin thelandfill and to theleachate traversang the entire
depth of refuse. Therefore, large pollutant loadings from atypical landfill occur during aperiod of high
leachate production and high contaminant levels (seereference 13). The exact periods of varying leachate
production cannot be quantified readily but are Site specific and dependent on each of the above variables.

Over aperiod of time (asthelandfill ages and leaching continues), the concentration of contaminantsinthe
leachate decreases (see reference 13). The landfill may continue to generate substantial quantities of
leachate; however, pollutant loadingsarelower dueto thelower concentrations of soluble, suspended, or
misciblecontaminantsremaininginthelandfill. Asdecompostion of thelandfill continues, thelandfill attains
adtabilized gtate of equilibrium where further leaching produces leachate with lower loadings than during
the period of peak leachate production. Thisstabilized stateis presumably the result of decomposition of
landfill waste by indigenous microorganisms, which will remove many of the contaminants usually

susceptible to further leaching.



Biological decomposition of landfill municipal refuseisoften model ed after the anaerobic breakdown of
other organicwastes. Thefollowing discussion of the decomposition process has been adapted from a
report on the characteristics of landfill leachate prepared by the Wisconsin Department of Natural

Resources (see reference 13).

Biological activity occursinalandfill shortly after deposition of organic material. Atfirst, wasteshighin
moisture content decompose rapidly under aerobic conditions, creeting large amounts of heat. Asoxygen
is depleted, the intermediate anaerobic stage of decomposition begins. This change from aerobic to
anaerobic conditions occurs unevenly through the landfill and depends upon the rate of oxygen diffusion
inthefill layers. Inthefirst stage of anaerobic decomposition, extra-cellular enzymes convert complex
organic wastes to soluble organic molecules. Once the organic wastes are solubilized, the second stage
of anaerobic decomposition convertsthem to simple organic molecul es, such as acetic, propionic, and
butyricacids, and other organic acids. These soluble organic acids enter theleachate percol ating through
alandfill, resulting in decreased pH of theleachate and increasing oxygen demand. Anaerobic activity in
thelandfill can also lower the reduction oxidation (redox) potential of the wasteswhich, under low pH
conditions, can cause an increaseininorganic contaminants. Eventudly, bacteriawithin the landfill begin
converting the organic acidsto methane. The absence of organic acidsin thelandfill increasesthe pH of
the leachate which can lead to adecrease in the solubility of inorganic contaminants, lowering inorganic

concentrations in the leachate (see reference 13).

Theageor degree of decomposition of alandfill may, in certain circumstances, be ascertained by observing
the concentration of various |eachate indicator parameters, such asBOD:, TDS, or the organic nitrogen
concentration (seereference 13). Theconcentrationsof theseleachateindicator parameterscan vary over
thedecomposition lifeof alandfill. Typicaly, older landfills have lower concentrations of BOD., COD,
and most organic pollutants, indicating asmaller amount of degradable compoundsfrom the aged waste.
Inaddition, aged leachates can contain high levels of chemically reduced compounds, such asammonia,

and high chlorides because of the anaerobic environment of the landfill. However, using theseindicator
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parameters alone does not take into account any refuse-filling variables, such as processing of wastes prior
to disposal and fill depth. To compensate for these additional variables, researchers examined ratios of
leachate parameters over time (see reference 13). One such ratio isthe ratio of BOD, to COD in the
leachate. Leachatesfrom younger landfillstypically exhibit BOD,to COD ratios of approximately 0.8,
while older landfillsexhibit aratio aslow as0.1. Thedeclineinthe BOD,to COD ratio with ageisdue
primarily to the readily decomposable material (phenols, alcohols) degrading faster than the more
recal citrant compounds (heavy molecular weight organic compounds). Asaresult, asthelandfill agesthe
BOD; of theleachate will decrease faster than the COD. Other ratios examined that reportedly decrease
over timeincludethefollowing: volatile solidsto fixed solids, volatile acidsto TOC, and sulfateto chloride

(seereference 13).

It iscommon to find that the sum of individua organic contaminants does not aways match the measured
TOC and/or COD vaue. Compoundsthat comprisethisdifference arenot dwaysreadily identified due
to the complex nature of leachate and due to the presence of other organic compoundsfound in leachate.
Myriad organic compoundsexist in decompos ng refuse and most of the organicsin leachate are soluble.
Reportedly, free volatile acids condtitute the main organic fraction in leachate (seereference 13). However,
other organic compoundshave beenidentified inlandfill leachatesincluding carbohydrates, proteins, and

humicandfulvic-likesubstances. Gapsin massba anceresultsaretypicdly attributed to these compounds.

Responsesto EPA’ s Detailed Questionnaire indicate that 1,625 in-scopelandfills collect leachate at a
median daily flow of 6,000 gallonsper day. 1N 1992, in-scopelandfillsin the U.S. generated approximatdly
7.2billiongalonsof landfill leachate. Of this, approximately 1.6 billion gallonsweretreated on Site, 719
million gallonsweretreated off site, 3.7 billion gallonswere sent untreated to POTWSs, 417 million galons
were sent untreated to asurface water, 348 million gallonswere recycled back to the landfill, and 358
million gallonsweretreated or disposed by other methods, such as of f-sitetreatment at another landfill
wastewater treatment system or aCentralized Waste Treatment facility, deepwell injection, incineration,
evaporation, or land application.
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6.3.1.1.1 Additional Sour ces of Non-Hazar dous L eachate Char acterization Data

Most of theexisting literatureregarding non-hazardouslandfill leachate characterigticsresulted from studies
taken at an isolated range of municipal landfillsin the 1970s and 1980s. Data presented in these reports
on pollutant concentrationsfound in leachate are typically expressed in ranges dueto the variability of
leachate from variouslandfills. The range of pollutant concentration vaues, aswdll asthelack of specific
information onfactorsaffecting leachate results (e.g., sampling methods, andytica methods, landfill waste
types, etc.) limit the usefulness of thesedata. However, these dataare mentioned as additiona background
information in support of EPA's characterization activities. Table6-5 presentsasummary of available

municipal leachate characteristic data from the following sources:

. Five published papers:. George, 1972; Chian and DeWalle, 1977; Metry and Cross, 1977,
Cameron, 1978; and Shams-K orzani and Henson, 1993.

. McGinley, Paul M. and Kmet, P. "Formation, Characterigtics, Treatment and Disposa of Leachate
from Municipa Solid Waste Landfills." Wisconsin Department of Natural Resources Specid
Report, August 1984, and

. Sobotka& Co., Inc. Case history data compiled and reported to U.S. EPA's Economic Analysis
Branch, Office of Solid Waste, July 1986.

Thevariability and high pollutant concentrationsin older landfill leachate characterization datacan be
attributed to landfills that accepted waste prior to the enactment of the Resource Conservation and
Recovery Act (RCRA) in 1980. Landfillsin operation prior to this date may have disposed of amultitude
of differentindustrial and/or toxic wastesin addition to municipa solid waste. Thedisposa of these high-
strength wastes could account for the large variability observed in leachate characteristics data collected
from municipal landfillsinthisperiod. After the promulgation of RCRA, EPA established controlsthat
specified thetype and characteristics of wastesthat may bereceived by either ahazardous (Subtitle C) or
non-hazardous (Subtitle D) facility (see Chapter 3: Section 3.1 for the discussion on regulatory history).
EPA has dso mandated other control measures, such asleachate collection systems, under RCRA for both
typesof landfills. By ingtituting the acceptance criteriaand leachate control standards under RCRA, the
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characteristics of the leachate from both hazardous and non-hazardous |andfills do not vary as greetly as
observedin landfillsprior to 1980. EPA’ sdatashowsthat RCRA regulations have resulted in smaller
concentration ranges for pollutants from landfills. EPA did observe pollutant variability in thedatait

collected; however, the variability was not as great as found in the data from older literature sources.

6.3.1.2 Landfill Gas Condensate

Landfill gas condensate formsin the collection lines used to extract and vent landfill gas. Condensate
collectsat low pointsinthegascollectionlinesand landfill facilities usualy pump it to the on-gte wastewater
holding tank or treatment system. Responsesto EPA’ sDetailed Questionnaireindicatethat 158 in-scope
landfills collect landfill gas condensate at amedian daily flow of 343 galonsper day. 1n 1992, in-scope
landfillsin the U.S. generated approximately 23 million gallons of landfill gas condensate. Of this,
approximately 20 million gallonsweretreated on site, 1.7 million gallonsweretreated off site, and 0.8
million gallons were sent untreated to POTWs. Of the 155 facilities collecting gas condensate, 66
commingle condensate with leachate for treatment on Site, 79 facilitiesdo not treat the condensate on Site,

and 10 facilities treat landfill gas condensate separately from other landfill generated wastewater.

Landfill gas condensate representsasmall amount of thetota wastewater flow for theindustry. Hazardous
waste landfills produce 9 million gallons/year of gas condensate, or about 4 percent of the leachate flow
volume. Municipa solid waste landfills produce 14 million gallons/year of gas condensate, or about 0.2

percent of the leachate flow volume.

Of the 37 respondents to the Detailed Questionnaire that collect landfill gas condensate, five facilitiestreat
the condensate separately fromleachate. Thesefacilitiestreated landfill gascondensatewith oneor more
of thefollowing technologies. equalization, neutralization, oil-water separation, granular activated carbon,
andair stripping. All fivefacilitiesdischarged thetreated waste stream indirectly to aPOTW. Table 6-6
presentslandfill gas condensate monitoring dataprovided in the Detailed Questionnaire from two facilities
that collect and treat |andfill gas condensate separately from other landfill generated wastewater. Fecility

6-13



16012 presented landfill gas condensate monitoring data after treatment by hydrocarbon/aqueous phase
separation and caustic neutralization, and facility 16015 presented monitoring data after treatment by

equalization, caustic neutralization, and carbon adsorption.

6.3.1.3 Drained FreeLiquids

Drained free liquids are liquids drained from contai nerized waste prior to landfilling. Wastewater
characteristicsand volume of drained freeliquidsvary greatly depending upon the contents and origin of
thewaste. However, they will have smilar characteristicsto the containerized waste and, therefore, smilar
characteristics to landfill leachate. Drained free liquids include other wastewater generated by waste
processing activities, such aswaste stabilization. Waste stabilizationincludesthe chemical fixation or
solidification of thesolid waste. Wastewater generated from these activitiesincludes decant fromthewaste
treated and any associated rinsewaters. Thiswaste processing wasteweter is collected separately and then
combined with leachateand other landfill operation wastewater for treatment at thewastewater treatment
facility.

Responsesto EPA’ sDetail ed Questionnaireindicatethat 25 in-scopelandfillscollect drained freeliquids
at amediandaily flow of 3 galonsper day. 1n 1992, in-scopelandfillsinthe U.S. generated approximeately
0.5 milliongalonsof drained freeliquids. Of this, approximately 715 gallonsweretreated on siteand
47,000 gallons were treated or disposed by other methods such as treatment by a CWT or deep well

injection.

6.3.1.4 Truck and Equipment Washwater

Landfill facilities generate truck and equipment washwater during either truck or equipment washes at the
landfill. Depending on the type and usage of the vehicle/equipment cleaned and the type of landfill, the
washwater volumeand characteristicscanvary greatly. For hazardousand non-hazardouslandfill facilities,
washwater will typicaly be moredilutein strength in comparison to typica leachate characteristicsand

contain mostly solids. Insoluble solids, conssting of mostly inorganics, meta's, and low concentrations of
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organic compounds are the primary source of contaminantsin the washwater. Since truck and equipment
washwater tends to contain the same constituents as the waste being landfilled and are similar in
characteristicto thelandfill leachate, they aretypically combined for treatment with leachate and other
landfill generated wastewater.

Responsesto EPA’ sDetailed Questionnaireindicate that 356 in-scopelandfillscollect truck and equipment
washwater at amedian daily flow of 141 galons per day. In 1992, in-scope landfillsin the U.S. generated
approximately 101 million gallonsof truck and equipment washwater. Of this, gpproximately 38 million
galonsweretreated on site, 9 million gallonswere sent untreated to POTWSs, 1.3 million gallonswere
either treated off Site, recycled back tothe landfill, or sent untreated to a surface water, and 53 million
galonsweretreated or disposed by other methods, such as off-gtetreatment at another landfill wastewater
treatment system or a Centralized Waste Treatment facility, deep well injection, incineration, evaporation,
or land application.

Floor washings are d so generated during routine cleaning and maintenance of landfill facilities. Responses
to EPA’ sDetailed Questionnaireindicatethat 68 in-scopelandfills collect floor washingsat amedian daily
flow of 985 gallons per day. 1n 1992, in-scope landfillsin the U.S. generated approximately 45 million
gdlonsof floor washings. Of this, gpproximately 6.4 million gallonsweretreated on site, 3.3 million galons
were sent untreated to POTWSs, and 35 million gallons were treated or disposed by other methods, as
discussed above.

6.3.2 Pollutant Parameters Analyzed at EPA Sampling Episodes

EPA conducted 19 sampling episodes at 18 landfill facilities. The Agency conducted five episodes at
hazardous|andfill facilitiesand 13 at non-hazardousfacilities. EPA conducted one-day sampling episodes
for the purpose of collecting raw wastewater samples to characterize landfill generated wastewater.

Sampl es callected during the week-long sampling episodesincluded raw wastewater samplesaswell as
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intermediate and effluent samplesto eva uate the entire wastewater trestment system. Chapter 4 discusses

these data collection activities in further detail.

Table 6-7 presents the pollutants analyzed at the one-day and week-long sampling episodes. EPA
andyzed for atota of 470 pollutantsin the raw wastewater, intermediate, and treated effluent waste stream
samples, including 232 toxic and nonconventional organic compounds, 69 toxic and nonconventional
metals, 4 conventional pollutants, and 165 toxic and nonconventional pollutantsincluding pesticides,
herbicides, dioxins, and furans. Thelist of pollutants analyzed are included under the following andytica
methods: method 1613 for dioxins/furans, method 1620 for metals, method 1624 for volatile organics,
method 1625 for semivolatile organics, and methods 1656, 1657, and 1658 for pesticides’herbicides, as

well as classical wet chemistry methods.

Table 6-8 presentsthelist of pollutants analyzed at EPA sampling episodes by subcategory and episode
number and whether EPA detected the pollutant in the facility’ sraw wastewater. |If EPA did not detect
apollutant at afacility, Table 6-8 listsan ND (non-detect) in the appropriaterow. If EPA did detect a
pollutant at afacility, Table 6-8 listsablank, and in cases where EPA did not samplefor apollutant at a
facility, Table 6-8 lists a dash.

EPA collected composite samplesat the week-long sampling eventsat episodes 4626, 4667, 4687, 4690,
4721, and 4759, while EPA collected grab samples at the remaining 12 one-day sampling events. The
Agency developed apreliminary list of pollutantsof interest by eliminating those pollutantsthat EPA never
detected at any facility in asubcategory fromtheinitial list of 470 pollutants. For the Non-Hazardous
subcategory, EPA sampling never detected 316 pollutantsin the raw wastewater at Subtitle D municipal
facilitiesand 324 pollutantsintheraw wastewater a Subtitle D non-municipa facilities. For theHazardous
subcategory, EPA sampling never detected 250 pollutants in the raw wastewater. Therefore, out of the
470 pollutantsinitially analyzed for, EPA detected 154 pollutants at |east once at Subtitle D municipal
facilities and 146 pollutants at |east once at Subtitle D non-municipal facilities. For the Hazardous
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subcategory, EPA detected 220 pollutants at least once at hazardousfacilities. Using the editing criteria
presented in Chapter 7, the Agency reduced thispreiminary list of pollutants of interest to thefina list of
32 pollutants of interest for the Non-Hazardous subcategory (32 pollutants of interest for Subtitle D
municipa facilitiesand 9 pollutants of interest for Subtitle D non-municipal facilities) and 63 pollutants of
interest for the Hazardous subcategory. Tables 6-9 and 6-10 present the median concentration for the
pollutants of interest for both subcategories.

6.3.3 Raw Wastewater Characterization Data

Inorder to characterizewastewater from the Landfillsindustry, EPA compiled raw wastewater datafrom
EPA sampling, the Detailed Questionnaire, the Detailed M onitoring Questionnaire, and the Centralized
Waste Treatment Industry (CWT) database.

EPA reviewed each data source to determine if the data was representative of landfill generated
wastewater. First, EPA selected only those sample points corresponding to raw wastewater. Second,
EPA used severd criteriato eliminate sampling data not considered representative of raw landfill
wadtewater. In characterizing landfill raw wastewater, EPA included only sampled wastewater containing
at least 85 percent leachate and/or gas condensate. Therefore, EPA eliminated raw wastewater data that
conssted mainly of wastewater that isnot subject tothisrule (e.g., ssorm water, ground water, or sanitary
wastewater). Also, EPA eliminated wastewater data containing industrial process wastewater. This
eliminated the possibility of finding pollutants that may not have originated in alandfill.

Next, EPA grouped al data pointsaccording to the classfication of thelandfill, e.g. municipa solid waste,
hazardous waste, or Subtitle D non-municipal solid waste. Many facilities provided data from both
technical questionnaires (the Detail ed Questionnaire and the Detailed M onitoring Questionnaire), and in
several instances, EPA conducted sampling at a facility that also provided data in the technical
guestionnaires. 1n these cases, EPA combined all datafrom the facility to obtain afacility average

concentration for each pollutant. For each subcategory, EPA gathered thefacility averagesfor al pollutants

6-17



into afile caled the Raw Wastewater Source File. EPA then cdculated the median of the facility average
concentrationsin the Source Fileto determine the median raw wastewater concentration for each pollutant
inthe subcategory. Tables6-9 and 6-10 present the median vaues for the Non-Hazardous and Hazardous
subcategories, respectively. EPA refersto thisfile asthe Median Raw Wastewater Concentration File.
Tables6-11 through 6-13 present, by subcategory, the minimum and maximum of the facility average
concentrationsin the Raw Wastewater Source File, dong with the number of observations and number of
non-detect values. Notethat although EPA included CERCLA datain the characterization of hazardous
landfill leechate for the proposal, EPA did not include CERCLA datafor raw wastewater characterization
for the final rule. The CERCLA data consists primarily of contaminated ground water and, since
contaminated ground water isnot subject to theregulations, EPA determined that CERCLA datashould
not be used for hazardous landfill wastewater characterization. Therefore, the raw wastewater
characterization datafor the Hazardous subcategory presented in Tables 6-11 through 6-13 do not include
CERCLA data

6.3.4 Conventional, Toxic, and Selected Nonconventional Pollutant Parameters

TheClean Water Act definesdifferent typesof pollutant parametersused to characterizeraw wastewater.
These parametersinclude conventional, nonconventional, and toxic pollutants. Conventional pollutants

found in landfill generated wastewater include the following:

Total Suspended Solids (TSS)

5-day Biochemical Oxygen Demand (BOD,)
[ pH

Oil and Grease (measured as Hexane Extractable Material)

Totd solidsin wastewater are defined asthe residue remaining upon evaporation of theliquid a just above
itsboiling point. TSSisthe portion of thetotd solidsthat can befiltered out of solutionusingal micron
filter. Raw wastewater TSSinleachateisafunction of thetype and form of wastes accepted for disposa
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at landfill facilities. Landfill design and operational parameters such as depth of fill, compaction, and
capping alsoinfluence the concentration of TSS. BOD; isone of the most important gauges of pollution
potential of awastewater and varies with the amount of biodegradable matter that can be assimilated by
biologica organismsunder aerobic conditions. The nature of thechemicals contained in landfill generated
wastewater affectsthe BOD, dueto thedifferencesin susceptibility of different molecular structuresto
microbiologica degradation. Landfill generated wastewater containing compoundswith lower susceptibility
to decomposition by microorganismstendsto exhibit lower BOD, values, even though thetota organic
loading may bemuch higher when compared to wastewater exhibiting substantially higher BOD, va ues.
For example, alandfill generated wastewater may have alow BOD, value while, at the same time,
exhibitingahigh TOC or COD concentration. Raw wastewater BOD, va ues can vary depending onthe
waste deposited in the landfill and the landfill age, as noted previously in Section 6.3.1.1.

The pH of asolution isaunitless measurement which representsthe acidity or alkalinity of awastewater
stream (or agueous solution) based on the disassociation of the acid or basein the solution into hydrogen
(H*) or hydroxide (OH) ions, respectively. Raw wastewater pH can be afunction of the waste deposited
inalandfill but can vary depending on the conditions within the landfill, as noted previoudy in Section
6.3.1.1. FHuctuationsin pH are controlled readily by equalization followed by neutraization. Control of
pH isnecessary to achieve proper remova of pollutantsin trestment systems such as metalsprecipitation
and biological treatment systems.

Oil and grease a so may be present in selected landfill generated wastewater. Proper control of oil and
greaseisimportant becauseit can interferewith the operation of certain wastewater treatment system
processes such as chemical precipitation and the settling operationsin biological systems. If it isnot
removed prior to discharge, excessivelevelsof oil and grease can interfere with the operation of POTWs

and can create afilm along surface waters, disrupting the biological activities in those waterways.
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Table6-11 presents the minimum and maximum facility average concentration datafor TSS, BOD,, and
oil and greasefor each landfill subcategory and the minimum and maximum facility average vauesfor pH.
EPA obtained the minimum and maximum val ues presented for each pollutant in the table from the Raw
Wastewater Source Filefor both subcategories. The Source File contains many pollutantswhich EPA
detected at |east once in asubcategory but were not necessarily selected as pollutants of interest. EPA

discusses the selection of pollutants of interest in Chapter 7.

EPA also used certain classical nonconventional pollutants for the purposes of raw wastewater
characterization. These pollutant parametersincludethe following: anmoniaas nitrogen, nitrate/nitrite, total
dissolved solids, tota organic carbon, total phenols, chemica oxygen demand, amenable cyanide, and totd
phosphorus. All of these pollutants are pollutants of interest for either the Non-Hazardous or Hazardous
subcategory, with the exception of total phosphorus. For the purposes of presenting raw wastewater
characterization data, EPA included these nonconventiona pollutants with the conventional pollutants for
each landfill subcategory in Table 6-11.

6.3.5 Toxic Pollutants and Remaining Nonconventional Pollutants

Table6-12 presentsthe minimum and maximum facility-average concentration datafor metalsand toxic
pollutantsfor the Non-Hazardous and Hazardous subcategories. EPA obtained the minimum and maximum
values presented for each pollutant in the table from the Raw Wastewater Source File for both
subcategories. Mogt of the pollutantsincluded in Table 6-12 are pollutants of interest for either the Non-
Hazardous or Hazardous subcategory. EPA detected awide range of metalsin raw wastewater from

landfill facilitiesin both subcategoriesincluding both toxic pollutant and nonconventiona pollutant metals.

Table 6-13 presents the minimum and maximum facility average concentration datafor organic toxic and
nonconventiona pollutants for the two subcategories. EPA obtained the minimum and maximum values
presented for each pollutant in the table from the Raw Wastewater Source Filefor both subcategories.
All pollutantsincluded in Table 6-13 are pollutants of interest for either the Non-Hazardous or Hazardous
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subcategory. EPA detected awiderangeof organic pollutantsinraw wastewater at landfill facilitiesin both

subcategories. Many of these are common organic pollutants found in municipal or commercia waste.

6.3.6 Raw Wastewater at Subtitle D Non-Hazar dous L andfills
6.3.6.1 Raw Wastewater at Subtitle D Municipal Landfills

Raw wastewater generated at Subtitle D municipal landfills contained arange of conventional, toxic, and
nonconventional pollutants. Thiswastewater also contained significant concentrations of common
nonconventiona metal s such asiron, magnesium, and manganese. These metasare naturally occurring
elementsfound in raw water, and the presence of these metasin landfill raw wastewater can be attributed
to background levelsin thewater source used at thefacility. Generaly, toxic heavy metaswerefound at
relaively low concentrations. EPA did not find toxic metals such as arsenic, cadmium, mercury, and lead
atreatablelevelsinany of EPA’ ssampling episodes. Typical organic pollutantsfound inleachateincluded
2-butanone (methyl ethyl ketone) and 2-propanone (acetone), which are common solvents used in
household products (such as paintsand nail polish), and common industrial solvents such 4-methyl-2-
pentanone and 1,4-dioxane. EPA detected only trace concentrations of only two pesticides (dichloroprop
and disulfoton) in wastewater from municipal landfills. Additionally, EPA’s data showed high loads of
organic acids such as benzoic acid and hexanoi ¢ acid resulting from anaerobic decomposition of solid

waste.

EPA identified 32 pollutants of interest for Subtitle D municipd landfills, including the following: eight
conventional/nonconventional pollutants, six metals, 16 organics and pesticides/herbicides, and two
dioxing/furans. In the Agency’s sampling episodes, EPA never detected 316 pollutants, while

approximately 122 pollutants were detected but were not present above the minimum level.

6.3.6.2 Raw Wastewater at Subtitle D Non-Municipal Landfills

A subset of the Subtitle D Non-Hazardous landfill subcategory isthe Subtitle D non-municipal landfill.
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Thesetypes of landfills do not accept municipal solid waste or household refuse. Rather, thesefacilities
accept anumber of different types of non-hazardous, non-municipal solid wastes. Waste types accepted
a Subtitle D non-municipd facilitiesinclude, but are not limited to, municipa incinerator ash, indudtrial non-
hazardous wastes and sudges, wastewater treatment plant sludge, yard waste, and construction and

demolition wastes.

EPA identified 9 pollutants of interest for Subtitle D non-municipa landfills, including thefollowing: eight
conventional/nonconventiona pollutantsand onemetal. Inthe Agency’ ssampling episodes, EPA never

detected 324 pollutants, while 136 pollutantswere detected but were not present above theminimum level.

Many Subtitle D non-municipal facilitiesaccept two or more of the non-municipa wastetypesdiscussed
above. Certainfacilities accept only onetype of waste and are referred to as* monofills’. EPA performed
an andysisto determineif Sgnificant differencesexisted in raw wastewater characteristicsfrom SubtitleD
municipa landfillsand these monofill facilities. Asdiscussedin Chapter 5, Section 5.3.1, EPA anayzed
characterization datacollected at municipal solid wastelandfillsand monofillsaspart of EPA’ ssampling
program and analyzed data from several published reports, including prior EPA studies, analyzing
congtruction and demolition monofills, ash monofills, and co-disposal sites. EPA evauated these datato
identify any pollutants found at significant concentrationsin monofillsthat were not found in Subtitle D

municipa landfills.

Based on areview of these datasources, EPA observed that the pollutants present in raw wastewater from
monofillswerenot sgnificantly different from thosefound in Subtitle D municipal landfills, and, infact,
pol lutants present in monofillswereasubset of those pollutantsfound at municipa solid wastelandfills. In
addition, concentrations of virtually al pollutants found in ash, dudge, and construction and demolition
waste monafillswere significantly lower than those found in raw wastewater from Subtitle D municipal
landfills (see Chapter 5, Tables5-3 and 5-4). EPA acknowledgesthat there were no organic pollutants
of interest detected a Subtitle D non-municipa landfills, and that some monofills, such asash monafills, may
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have alow organic content and, therefore, may not be able to use the selected BPT/BAT treatment
technology (biological trestment) to treat the wastewater. However, EPA concluded that these Subtitle
D non-municipa facilitiescanmeet theBPT/BAT limitationsusing avail abletechnol ogies. Thesetreatment
systemsmay beingalled at costs comparableto thosefor biological treatment. Asdiscussed in Chapter
11, EPA established equivalent effluent limitations for all Subtitle D non-hazardous landfills.

6.3.6.3 Dioxinsand Furansin Raw Wastewater at Subtitle D Non-Hazar dous L andfills

Thereare210isomersof chlorinated dibenzo-p-dioxins (CDD) and chlorinated dibenzofurans (CDF).
EPA isprimarily concerned with the 2,3,7,8-substituted congeners, of which EPA considers 2,3,7,8-
TCDD to be the most toxic and isthe only one that isatoxic pollutant. EPA considers non- 2,3,7,8-
substituted congenersto belesstoxic, in part, because they are not readily absorbed by living organisms.
Dioxins and furans may be formed as by-productsin certainindustria unit operationsrelated to petroleum
refining, pesticide and herbicide production, paper bleaching, and production of materialsinvolving
chlorinated compounds. Dioxinsand furansare not water-soluble and are not expected to leach out of

non-hazardous landfills in significant quantities.

Aspart of EPA sampling episodesat 13 non-hazardouslandfills, EPA analyzed raw wastewater samples
for 17 congenersof dioxinsand furans. Table 6-14 presentstheresultsof the dataanalyses. EPA also
used additional raw leachate datafrom ash monofillsfrom previous EPA studies, asdiscussed in Chapter
5, Section 5.3.1. EPA found low levels of OCDD, HpCDD, and HXCDD in raw wastewater at severa
landfills. The Agency did not detect the most toxic dioxin congener, 2,3,7,8-TCDD, in raw wastewater
at aSubtitle D landfills. All concentrationsof dioxinsand furansin raw, untreated wastewater were wel|
below the Universal Treatment Standards for FO39 wastes (multi-source leachate) in 40 CFR 268.48,
which establish minimum concentration standards based on based on the Best Demonstrated Available
Treatment Technology (BDAT)". At the concentrations found in raw landfill wastewater, EPA expects

EPA bases UTS on the BDAT for each listed hazardous waste. BDAT represents the treatment technology that EPA concludes is the most
effective for treating a particular waste that is also readily available to generators and treaters.
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dioxinsand furansto partition to the biologicd dudge aspart of the BPT/BAT treatment technologies. EPA
included the partitioning of dioxinsand furansto the dudgein the eval uation of treetment benefits and water
qudity impacts. EPA sampling dataand cd culations concludethat the concentrationsof dioxinsand furans

present inthe wastewater would not prevent the dudgefrom being redeposited in anon-hazardous landfill.

6.3.7 Raw Wastewater at Subtitle C Hazardous L andfills

The Agency used datafrom EPA sampling episodes and industry supplied data obtained through the
technical questionnairesto characterizeraw wastewater from Subtitle C hazardouslandfills. Wastewater
generated at Subtitle C landfills contained a wide range of conventional, toxic, and nonconventional
pollutants at treatablelevels. Therewereasgnificantly greater number of pollutantsfound in hazardous
landfill raw wastewater in comparison to non-hazardous landfills. Pollutants which were common to both
untreated non-hazardous and hazardous wastewater were generally an order of magnitude higher in
concentration in hazardous landfill wastewater. The list of pollutants of interest for the Hazardous
subcategory (presented in Table 6-10), which includes 63 parameters, reflectsthe more toxic nature of
hazardous|andfill wastewater and the wide range of industrial waste sources. Chapter 7 discussesthe
methodol ogy for determining pollutants of interest. For further discussion on the differences between

hazardous and non-hazardous landfill leachate, see Chapter 5, Section 5.3.1.

Pollutantstypical of raw leachate from hazardousfacilities and found at higher median concentrationsthan
a Subtitle D facilitiesincluded arsenic, chromium, copper, nickel, and zinc. EPA did not detect cadmium,
lead, and mercury at treatable concentrations in the raw wastewater for any of the hazardous landfills

sampled during EPA sampling episodes.

EPA identified atotal of 63 pollutantsof interest for Subtitle C hazardouslandfills, including thefollowing:
11 conventional/nonconventional pollutants, 11 metals, 37 organics and pesticides/herbicides, and 4
dioxinsg/furans. EPA sampling episodes never detected 250 pollutants, while gpproximately 157 pollutants

were detected but were not present above the minimum level.
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6.3.7.1 Dioxinsand Furansin Raw Wastewater at Subtitle C Hazardous L andfills

Aspart of EPA sampling episodesat two in-scope Subtitle C landfillsand two in-scope pre-1980 industrid

landfills, EPA andyzed raw leachate samplesfor 17 congenersof dioxinsand furans. Table 6-15 presents
the results of these andyses. Asin the Non-Hazardous subcategory, EPA did not detect the most toxic
dioxin congener, 2,3,7,8-TCDD, at any in-scope hazardous/industrial landfill. EPA found low levels of
severa congenersin raw wastewater at many of the sampled landfills. Low levelsof OCDD, OCDF,
HpCDD, and HpCDF were detected in over haf of thelandfillssampled. However, dl concentrations of
dioxinsand furansinraw, untreated wastewater werewell below the Universa Treatment Standards (UTS)
for FO39 wastes (multi-source leachate) in 40 CFR 268.48, which establish minimum concentration
standardsbased on BDAT. At theconcentrationsfoundinraw landfill wastewater, EPA expectsdioxins
and furans to partition to the biological sludge as part of the BPT/BAT treatment technol ogies.
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Table 6-1: Wastewater Generated in 1992: Hazardous Subcategory (gallons)

Discharge Wastewater Treated Treated Untreated to Untreated Recycled Other

Type Type On-Site Off-Site POTW to Surface Water Flow

Indirect Leachate 37,600,000 0 0 0 0 0
Gas Condensate 772,000 0 0 0 0 0
Truck/Equipment 1,220,000 0 101,000 0 0 0
Washwater
Floor Washings 706,000 0 0 0 0 0
Storm Water 0 0 4,740,000 294,000,000 0 0
Total Indirect 40,298,000 0 4,841,000 294,000,000 0 0

Zero Leachate 18,100,000 20,600,000 0 0 0 169,000,000
Gas Condensate 8,390,000 0 0 0 0 0
Drained Free 0 0 0 0 0 47,000
Liquids
Truck/Equipment 28,400 513,000 0 0 0 50,300,000
Washwater
Floor Washings 0 0 0 0 0 35,000,000
Contaminated 28,700,000 0 0 0 0 0
Ground Water
Storm Water 0 2,300,000 30,700,000 662,000,000 0 0
Total Zero 55,218,400 23,413,000 30,700,000 662,000,000 0 254,347,000

Subcategory Total 95,516,400 23,413,000 35,541,000 956,000,000 0 254,347,000
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Table 6-2: Wastewater Generated in 1992: Non-Hazardous Subcategory Municipal Facilities (gallons)

Discharge Wastewater Treated Treated Untreated to Untreated Recycled Other

Type Type On-Site Off-Site POTW to Surface Water Flow

Direct Leachate 565,000,000 782,000 804,000 167,000,000 49,000 94,400,000
Gas Condensate 1,570,000 0 0 0 0 0
Drained Free Liquids 715 0 0 0 0 0
Truck/Equipment 15,300,000 0 0 0 0 0
Washwater
Floor Washings 4,890,000 0 0 0 0 0
Contaminated 163,000,000 0 0 0 0 0
Ground Water
Storm Water 348,000,000 0 0 3,430,000,000 0 0
Total Direct 1,097,760,715 782,000 804,000 3,597,000,000 49,000 94,400,000

Indirect Leachate 777,000,000 7,640,000 3,640,000,000 0 29,800,000 5,870,000
Gas Condensate 9,700,000 65,900 793,000 0 0 19,700
Truck/Equipment 20,700,000 0 9,060,000 594,000 0 0
Washwater
Floor Washings 794,000 0 3,320,000 0 0 0
Contaminated 226,000,000 0 0 0 0 0
Ground Water
Storm Water 3,710,000,000 0 677,000,000 3,890,000,000 85,400,000 1,060,000,000
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Table 6-2: Wastewater Generated in 1992: Non-Hazardous Subcategory Municipal Facilities (gallons) (cont’ d)

Discharge Wastewater Treated Treated Untreated to Untreated Recycled Other

Type Type On-Site Off-Site POTW to Surface Water Flow

Indirect Total Indirect 4,744,194,000 7,705,900 | 4,330,173,000 3,890,594,000 | 115,200,000 1,065,889,700

Zero Leachate 170,000,000 [ 561,000,000 0 0| 233,000,000 88,600,000
Gas Condensate 0 1,610,000 0 0 0 0
Truck/Equipment 425,000 0 0 0 177,000 2,990,000
Washwater
Contaminated 296,000,000 0 0 0 0 0
Ground Water
Storm Water 3,930,000 0 0 137,000,000 | 212,000,000 24,700,000
Total Zero 470,355,000 | 562,610,000 0 137,000,000 | 445,177,000 116,290,000

Subcategory Total 6,312,309,715 | 571,097,900 | 4,330,977,000 7,624,594,000 | 560,426,000 1,276,579,700
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Table 6-3: Wastewater Generated in 1992: Non-Hazardous Subcategory Non-Municipal Facilities (gallons)

Discharge Wastewater Treated Treated Untreated to Untreated Recycled Other

Type Type On-Site Off-Site POTW to Surface Water Flow

Direct Leachate 0 0 0 250,000,000 0 0
Storm Water 0 0 0 4,900,000 0 0
Total Direct 0 0 0 254,900,000 0 0

Indirect Leachate 47,400,000 0 57,000,000 0 85,100,000 0
Contaminated 0 0 4,120,000 0 0 0
Ground Water
Storm Water 19,800,000 0 0 0 0 43,100,000
Total Indirect 67,200,000 0 61,120,000 0 85,100,000 43,100,000

Zero Leachate 56,700 129,000,000 0 0 0 0
Truck/Equipment 2,000 0 0 0 0 0
Washwater
Total Zero 58,700 129,000,000 0 0 0 0

Subcategory Total 67,258,700 129,000,000 61,120,000 254,900,000 85,100,000 43,100,000
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Table 6-4: Quantity of In-Scope Wastewater Generated in 1992 (gallons)

Subcategory
Discharge q q Total Total
Status Non-Hazardous Hazardous Wastewater Number of
Subtitle D Subtitle D SubtitleD | Subtitle C SubtitleC | Generated Facilities
Municipal Non-Municipal Facilities Facilities
Direct 849,679,000 249,659,000 143 0 0 1,099,338,000 143
Indirect 4,509,255,000 189,511,000 756 40,361,000 6| 4,739,127,000 762
Z€ero 1,058,156,000 128,633,000 338 302,112,000 139 1,488,901,000 477
Total 6,417,090,000 567,803,000 1,237 342,473,000 145 | 7,327,366,000 1,382




Table 6-5: Contaminant Concentration Ranges in Municipal Leachate as Reported in Literature Sources

Pollutant George Chain/Dewalle Metry/Cross Cameron Wisconsin Report Sobotka Report
Parameter (1972) (1977) (1977) (1978) (20 Sites) (44 Sites)
Conventional
BOD 9 - 54,610 81 - 33,360 2,200 - 720,000 9 - 55,000 ND - 195,000 7 - 21,600
pH 37 - 85 37 - 85 37 - 85 37 -85 5 -89 54 - 80
TSS 6 - 2,685 10 - 700 13 - 26,500 2 - 140,900 28 - 2,835
Non-Conventional
Alkalinity 0 - 20,850 0 - 20,850 310 - 9,500 0 - 20,900 ND - 15,050 0 - 7,375
Bicarbonate 3260 - 5,730
Chlorides 34 - 2,800 4.7 - 2,467 47 - 2,350 34 - 2,800 2 - 11,375 120 - 5475
COD 0 - 89,520 40 - 89,520 800 - 750,000 0 - 9,000 6.6 - 97,900 440 - 50,450
Fluorides 0-213 0 - 074 0.12 - 0.790
Hardness 0 - 22,800 0 - 22,800 35 - 8700 0 - 22,800 52 - 225,000 0.8 - 9,380
NH3-Nitrogen 0 - 1,106 0 - 1,106 02 - 845 0 - 1,106 11.3 - 1,200
NO3-Nitrogen 0 - 1,300 02 - 1,029 45 - 18 0 - 5095
Organic Nitrogen 24 - 550 45 - 782
Ortho-Phosphorus 65 - 85 03 - 136 0-154
Sulfates 1 - 1826 1 - 1558 20 - 1,370 0 - 1,826 ND - 1,850 8 - 500
Sulfide 0- 013
TOC 256 - 28,000 ND - 30,500 5- 6,884
TDS 0 - 42,276 584 - 44,900 100 - 51,000 0 - 42,300 584 - 50,430 1,400 - 16,120
Total-K-Nitrogen 0 - 1416 2 - 3,320 47.3 - 938
Tota Phosphorus 1- 154 0 - 130 ND - 234
Tota Solids 0 - 59,200 1,900 - 25,873
Metals
Aluminum 0- 122 ND - 85 0.010 - 5.07
Arsenic 0-116 ND - 70.2 0 - 0.08
Barium 0-54 ND - 125 0.01 - 10
Beryllium 0-03 ND - 036 0.001 - 0.01
Boron 03-73 0.867 - 13
Cadmium 0.03 - 17 0-019 ND - 0.04 0-01
Calcium 5 - 4,080 60 - 7,200 240 - 25570 5 - 4,000 200 - 2,500 95.5 - 2,100
Total Chromium 0- 334 ND - 5.6 0.001 - 1.0
Copper 0 - 99 0 - 99 0-10 ND - 4.06 0.003 - 0.32
Cyanide 0-011 ND - 6 0-40
Iron 0.2 - 5,500 0 - 2820 012 - 1,700 0.2 - 5500 ND - 1,500 0.22 - 1,400
Lead 0 - 05 <010 - 20 0-50 0 - 142 0.001 - 1.11
Magnesium 16.5 - 15,600 17 - 15,600 64 - 547 16.5 - 15,600 ND - 780 76 - 927
Manganese 0.06 - 1,400 0.09 - 125 13 0.06 - 1,400 ND - 311 0.03 - 43
Mercury 0 - 0.064 ND - 0.01 0 - 0.02
Molybendum 0-052 0.01 - 1.43
Nickel 0.01 - 0.8 ND - 75 0.01 - 1.25
Potassium 28 - 3,770 28 - 3,770 28 - 3,800 2.8 - 3,770 ND - 2,800 30 - 1,375
Sodium 0 - 7,700 0 - 7,700 85 - 3,800 0 - 7,700 12 - 6,010
Titanium 0-50 <0.01
Vanadium 0-14 0.01
Zinc 0 - 1,000 0 - 370 003 - 135 0 - 1,000 ND - 731 0.01 - 67

All concentrationsin mg/L, except pH (std units).

ND = Non-detect
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Table 6-6. Landfill Gas Condensate (from Detailed Questionnaire)

QID Pollutant #0bs | #ND [Avg.Conc. | Unit
16012 | Conventional
Oil & Grease 1 0 422 mg/L
Metals
Arsenic 1 0 570 ug/L
16015 | Organics

1,2-Benzenedicarboxylic Acid, Diethyl Ester 3 1 2.0 mg/L
1,3-Butadiene, 1,1,2,3,4,4-Hexachloro- 3 1 2.2 mg/L
1,3-Dichlorobenzene 3 1 1.2 mg/L
1,4-Dichlorobenzene 3 1 2.0 mg/L
2,4,6-Trichlorophenol 3 2 15.0 mg/L
2,4-Dichlorophenol 3 2 15.0 mg/L
2,4-Dimethylphenol 3 2 17.3 mg/L
2,6-Dinitrotoluene 3 2 5.83 mg/L
2-Methyl-4,6-Dinitrophenol 3 0 100 mg/L
2-Nitrophenol 3 2 175 mg/L
3,4-Benzopyrene 3 2 2.0 mg/L
3-Methyl-4-Chlorophenol 3 1 20.0 mg/L
Benz(E)Acephenenthrylene 3 2 2.33 mg/L
Benzenamine, 4-Nitro- 3 1 2.2 mg/L
Benzene, Nitro- 3 2 4.3 mg/L
Benzene Hexachloride 3 1 2.3 mg/L
Benzene, Ethyl- 3 2 34 mg/L
Benzene, Methyl- 3 2 2.6 mg/L
Benzo(Def)Phenanthrene 3 1 2.2 mg/L
Bis(2-Chloroethoxy)Methane 3 2 2.8 mg/L
Chloroform 3 2 3.9 mg/L
Di-n-propyl Nitrosamine 3 0 33 mg/L
Ethene, Trichloro 3 2 25 mg/L
Ethene, Tetrachloro- 3 1 10.6 mg/L
O-Chlorophenol 3 2 8.7 mg/L
Residue, Non-flammable 3 0 27.2 mg/L
Metals
Gold 3 1 0.04 mg/L
Lead 3 2 0.13 mg/L
Zinc 3 0 0.14 mg/L

16012:  Treated effluent after hydrocarbon/aqueous phase separation and caustic neutralization.

16015:  Treated effluent after equalization, caustic neutralization, and carbon adsorption.

QID: Questionnaire ID number

#0bs.  Number of observations

#ND: Number of non-detects
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Table 6-7: EPA Sampling Episode Pollutants Analyzed

POLLUTANT CASNUM |[POLLUTANT CASNUM
CLA SSSICAL WET CHEMISTRY 1657: PESTICIDES/HERBICIDES

AMENABLECYANIDE C-025 [IM ETHAMIDOPHOS 10265-92-6
AMMONIA NITROGEN 7664-41-7|[METHYL CHLORPYRIFOS 5598-13-0
BOD C-002 [IM ETHYL PARATHION 298-00-0
CHLORIDE 16887-00-6 IM ETHYL TRITHION 953-17-3
cobD C-004 IMEVINPHOS 7786-34-7
FLUORIDE 16984-48-8 IMONOCROTOPHOS 6923-22-4
HEXA NEEXTRACTABLE MATERIAL C-036 INALED 300-76-5
HEXAVALENTCHROMIUM 18540-29-9 |[PARA THION (ETHYL) 56-38-2
NITRATE/NITRITE C-005 |PHORATE 298-02-2
PH C-006 [PHOSMET 732-11-6
RECOVERABLE OILAND GREA SE C-007 [IPHOSPHA MIDON E 297-99-4
TDS C-010 [PHOSPHA MIDON Z 23783-98-4
TOC C-012 |[RONNEL 299-84-3
TOTALCYANIDE 57-12-5 |SULFOTEPP 3689-24-5
TOTALPHENOLS C-020 |[SULPROFOS 35400-43-2
TOTALPHOSPHORUS 14265-44-2 |TEPP 107-49-3
TOTALSOLIDS C-008 [TERBUFOS 13071-79-9
TOTA L SULFIDE 18496-25-8 |TETRA CHLORVINPHOS 22248-79-9
TSS C-009 |TOKUTHION 34643-46-4
1613: DIOXINS/FURA NS TRICHLORFON 52-68-6
2378-TCDD 1746-01-6 [TRICHLORONA TE 327-98-0
2378-TCDF 51207-31-9 |[TRICRESYLPHOSPHA TE 78-30-8
12378-PECDD 40321-76-4 [TRIMETHYLPHOSPHA TE 512-56-1
12378-PECDF 57117-41-6|1656: PESTICIDES/HERBICIDES

23478-PECDF 57117-31-4 |JACEPHA TE 30560-19-1
123478-HXCDD 39227-28-6 |[ACIFLUORFEN 50594-66-6
123678-HXCDD 57653-85-7 |ALACHLOR 15972-60-8
123789-HXCDD 19408-74-3 |ALDRIN 309-00-2
123478-HXCDF 70648-26-9 |A TRA ZINE 1912-24-9
123678-HXCDF 57117-44-9 |IBENFLURALIN 1861-40-1
123789-HXCDF 72918-21-9 |ALPHA -BHC 319-84-6
234678-HXCDF 60851-34-5|BETA-BHC 319-85-7
1234678-HPCDD 35822-46-9 |GAMMA -BHC 58-89-9
1234678-HPCDF 67562-39-4 IDELTA -BHC 319-86-8
1234789-HPCDF 55673-89-7|[BROMACIL 314-40-9
OoCDD 3268-87-9 |[BROMOXYNILOCTANOATE 1689-99-2
OCDF 39001-02-0 |[BUTA CHLOR 23184-66-9
1657: PESTICIDES/HERBICIDES CAPTAFOL 2425-06-1
AZINPHOSETHYL 2642-71-9 [CAPTAN 133-06-2
AZINPHOSMETHYL 86-50-0 [CARBOPHENOTHION 786-19-6
CHLORFEVINPHOS 470-90-6 |JALPHA -CHLORDANE 5103-71-9
CHLORPYRIFOS 2921-88-2|[GAMMA -CHLORDANE 5103-74-2
COUM APHOS 56-72-4 [CHLOROBENZILATE 510-15-6
CROTOXYPHOS 7700-17-6 [CHLORONEB 2675-77-6
DEF 78-48-8 [CHLOROPROPYLATE 5836-10-2
DEMETON A 8065-48-3A |[CHLOROTHALONIL 1897-45-6
DEMETON B 8065-48-3B IDIBROMOCHLOROPROPANE 96-12-8
DIA ZINON 333-41-5|DACTHAL(DCPA) 1861-32-1
DICHLORFENTHION 97-17-6 |4,4'-DDD 72-54-8
DICHLORVOS 62-73-7|4,4'-DDE 72-55-9
DICROTOPHOS 141-66-2|4,4'-DDT 50-29-3
DIMETHOATE 60-51-5 [DIALLATE A 2303-16-4A
DIOXA THION 78-34-2 IDIALLATEB 2303-16-4B
DISULFOTON 298-04-4 IDICHLONE 117-80-6
EPN 2104-64-5|DICOFOL 115-32-2
ETHION 563-12-2 IDIELDRIN 60-57-1
ETHOPROP 13194-48-8 [ENDOSULFAN | 959-98-8
FAMPHUR 52-85-7 [ENDOSULFAN |1 33213-65-9
FENSULFOTHION 115-90-2 [ENDOSULFAN SULFATE 1031-07-8
FENTHION 55-38-9 [ENDRIN 72-20-8
HEXAMETHYLPHOSPHORAMIDE 680-31-9 |[ENDRIN ALDEHYDE 7421-93-4
LEPTOPHOS 21609-90-5 |[ENDRIN KETONE 53494-70-5
M ALATHION 121-75-5 [ETHA LFLURALIN 55283-68-6
M ERPHOS 150-50-5 [ETRA DIA ZOLE 2593-15-9
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Table 6-7: EPA Sampling Episode Pollutants Analyzed (continued)

POLLUTANT CASNUM |[POLLUTANT CA S NUM
1656: PESTICIDES/HERBICIDES 1620: M ETA LS

FENARIMOL 60168-88-9 |[GERM ANIUM 7440-56-4
HEPTA CHLOR 76-44-8 [GOLD 7440-57-5
HEPTACHLOR EPOXIDE 1024-57-3 |[HA FNIUM 7440-58-6
ISODRIN 465-73-6 [HOLM IUM 7440-60-0
ISOPROPALIN 33820-53-0 [INDIUM 7440-74-6
KEPONE 143-50-0 [IODINE 7553-56-2
METHOXYCHLOR 72-43-5 [IRIDIUM 7439-88-5
M ETRIBUZIN 21087-64-9 [IRON 7439-89-6
M IREX 2385-85-5 |LANTHANUM 7439-91-0
NITROFEN 1836-75-5 [LEA D 7439-92-1
NORFLUORA ZON 27314-13-2 [LITHIUM 7439-93-2
PCB-1016 12674-11-2 [LUTETIUM 7439-94-3
PCB-1221 11104-28-2 |[M AGNESIUM 7439-95-4
PCB-1232 11141-16-5|M ANGA NESE 7439-96-5
PCB-1242 53469-21-9 [IM ERCURY 7439-97-6
PCB-1248 12672-29-6 IMOLYBDENUM 7439-98-7
PCB-1254 11097-69-1 INEODYM IUM 7440-00-8
PCB-1260 11096-82-5 [NICKEL 7440-02-0
PENTA CHLORONITROBENZENE 82-68-8 [INIOBIUM 7440-03-1
PENDAMETHA LIN 40487-42-1 |OSM IUM 7440-04-2
CIS-PERM ETHRIN 61949-76-6 [IPALLADIUM 7440-05-3
TRANS-PERM ETHRIN 61949-77-7 [IPHOSPHORUS 7723-14-0
PERTHA NE 72-56-0 [PLATINUM 7440-06-4
PROPA CHLOR 1918-16-7 [POTA SSIUM 7440-09-7
PROPA NIL 709-98-8 |IPRA SEODYM IUM 7440-10-0
PROPA ZINE 139-40-2 [RHENIUM 7440-15-5
SIMAZINE 122-34-9 |[RHODIUM 7440-16-6
STROBANE 8001-50-1 |RUTHENIUM 7440-18-8
TERBACIL 5902-51-2 |[SAM ARIUM 7440-19-9
TERBUTHY LA ZINE 5915-41-3 |[SCANDIUM 7440-20-2
TOXAPHENE 8001-35-2 |SELENIUM 7782-49-2
TRIADIMEFON 43121-43-3 |SILICON 7440-21-3
TRIFLURA LIN 1582-09-8 [SILVER 7440-22-4
1658: PESTICIDES/HERBICIDES SODIUM 7440-23-5
DA LAPON 75-99-0 [STRONTIUM 7440-24-6
DICAMBA 1918-00-9 [SULFUR 7704-34-9
DICHLOROPROP 120-36-5 |TANTA LUM 7440-25-7
DINOSEB 88-85-7 [TELLURIUM 13494-80-9
M CPA 94-74-6 [TERBIUM 7440-27-9
M CPP 7085-19-0 |[THALLIUM 7440-28-0
PICLORA M 1918-02-1 [THORIUM 7440-29-1
2,4-D 94-75-7 [THULIUM 7440-30-4
2,4-DB 94-82-6 [TIN 7440-31-5
2,45-T 93-76-5 |[TITANIUM 7440-32-6
2,45-TP 93-72-1 [TUNGSTEN 7440-33-7
1620: M ETA LS URANIUM 7440-61-1
ALUMINUM 7429-90-5 |VANADIUM 7440-62-2
ANTIMONY 7440-36-0 |[YTTERBIUM 7440-64-4
A RSENIC 7440-38-2 |[YTTRIUM 7440-65-5
BARIUM 7440-39-3 |ZINC 7440-66-6
BERYLLIUM 7440-41-7 |ZIRCONIUM 7440-67-7
BI1SM UTH 7440-69-911624: VOLATILE ORGANICS

BORON 7440-42-8 |1, 1-DICHLOROETHANE 75-34-3
CADMIUM 7440-43-9 |1, 1-DICHLOROETHENE 75-35-4
CALCIUM 7440-70-2 |11,1,1-TRICHLOROETHANE 71-55-6
CERIUM 7440-45-111,1,12-TETRACHLOROETHANE 630-20-6
CHROM IUM 7440-47-3 |11,1,2-TRICHLOROETHANE 79-00-5
COBALT 7440-48-4 11,1,22-TETRACHLOROETHANE 79-34-5
COPPER 7440-50-8 |1,2-DIBROMOETHANE 106-93-4
DY SPROSIUM 7429-91-6 |1,2-DICHLOROETHANE 107-06-2
ERBIUM 7440-52-0 |1,2-DICHLOROPROPANE 78-87-5
EUROPIUM 7440-53-111,2,3-TRICHLOROPROPANE 96-18-4
GADOLINIUM 7440-54-2 |11 3-DICHLOROPROPANE 142-28-9
GALLIUM 7440-55-3 |1, 4-DIOXANE 123-91-1
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Table 6-7: EPA Sampling Episode Pollutants Analyzed (continued)

POLLUTANT CASNUM |[POLLUTANT CASNUM
1624: VOLATILE ORGANICS 1625: SEMIVOLATILE ORGANICS

2-BUTANONE (M EK) 78-93-3|2-BROMOCHLOROBENZENE 694-80-4
2-CHLORO-1,3-BUTADIENE 126-99-8 |[2-CHLORONA PHTHA LENE 91-58-7
2-CHLOROETHYLVINYLETHER 110-75-8 [2-CHLOROPHENOL 95-57-8
2-HEXA NONE 591-78-6 [2-1SOPROPYLNAPHTHALENE 2027-17-0
2-M ETHYL-2-PROPENENITRILE 126-98-7 [2-M ETHYL-46-DINITROPHENOL 534-52-1
2-PROPA NONE (ACETONE) 67-64-1|2-M ETHYLBENZOTHIOA ZOLE 120-75-2
2-PROPENA L (ACROLEIN) 107-02-8 [2-M ETHYLNA PHTHA LENE 91-57-6
2-PROPEN-1-OL (ALLYLALCOHOL) 107-18-6 [2-NITROANILINE 88-74-4
3-CHLOROPROPENE 107-05-1 [2-NITROPHENOL 88-75-5
4-M ETHYL-2-PENTANONE 108-10-1 [2-PHENYLNA PHTHA LENE 612-94-2
A CRYLONITRILE 107-13-1|2-PICOLINE 109-06-8
BENZENE 71-43-2 |2-(M ETHYLTHIO)BENZOTHIA ZOLE 615-22-5
BROMODICHLOROMETHANE 75-27-4 |2,3-BENZOFLUORENE 243-17-4
BROMOFORM 75-25-2|2,3-DICHLOROANILINE 608-27-5
BROMOMETHANE 74-83-9|2,3-DICHLORONITROBENZENE 3209-22-1
CARBONDISULFIDE 75-15-012,3,46-TETRA CHLOROPHENOL 58-90-2
CHLOROA CETONITRILE 107-14-2 |2,3,6-TRICHLOROPHENOL 933-75-5
CHLOROBENZENE 108-90-7 |2,4-DIAMINOTOLUENE 95-80-7
CHLOROETHANE 75-00-3|2,4-DICHLOROPHENOL 120-83-2
CHLOROFORM 67-66-3|2,4-DIMETHYLPHENOL 105-67-9
CHLOROMETHA NE 74-87-3|2,4-DINITROPHENOL 51-28-5
CIS-13-DICHLOROPROPENE 10061-01-5|2,4-DINITROTOLUENE 121-14-2
CROTONALDEHYDE 4170-30-3 |12,45-TRICHLOROPHENOL 95-95-4
DIBROMOCHLOROMETHANE 124-48-1(2,45-TRIMETHY LA NILINE 137-17-7
DIBROMOMETHANE 74-95-312,4,6-TRICHLOROPHENOL 88-06-2
DIETHYLETHER 60-29-7 [2,6-DICHLORO-4-NITROA NILINE 99-30-9
ETHYLBENZENE 100-41-4 [26-DICHLOROPHENOL 87-65-0
ETHYLCYANIDE 107-12-0|2,6-DINITROTOLUENE 606-20-2
ETHYLMETHA CRYLA TE 97-63-22,6-DI-TERT-BUTY L-P-BENZOQUINONE 719-22-2
IODOM ETHANE 74-88-4 |I3-BROMOCHLOROBENZENE 108-37-2
ISOBUTYLALCOHOL 78-83-1|3-CHLORONITROBENZENE 121-73-3
METHYLENE CHLORIDE 75-09-2 |3-M ETHYLCHOLANTHRENE 56-49-5
M -XYLENE 108-38-3 [3-NITROANILINE 99-09-2
O+P XYLENE 136777-61-2 |[3,3-DICHLOROBENZIDINE 91-94-1
TETRA CHLOROETHENE 127-18-433'-DIMETHOXYBENZIDINE 119-90-4
TETRA CHLOROMETHANE 56-23-5|3,5-DIBROMO-4-HYDROXYBENZONITRILE 1689-84-5
TOLUENE 108-88-3 3,6-DIM ETHYLPHENANTHRENE 1576-67-6
TRANS-1,2-DICHLOROETHENE 156-60-5|4-AMINOBIPHENYL 92-67-1
TRANS-13-DICHLOROPROPENE 10061-02-6 |4-BROMOPHENYLPHENYLETHER 101-55-3
TRANS-14-DICHLORO-2-BUTENE 110-57-6 [4-CHLORO-2-NITROANILINE 89-63-4
TRICHLOROETHENE 79-01-6 [4-CHLORO-3-M ETHYLPHENOL 59-50-7
TRICHLOROFLUOROMETHANE 75-69-4 |[4-CHLOROA NILINE 106-47-8
VINYLACETATE 108-05-4 |[4-CHLOROPHENYLPHENYLETHER 7005-72-3
VINYL CHLORIDE 75-01-4 |[4-NITROANILINE 100-01-6
1625: SEMIVOLATILE ORGANICS 4-NITROBIPHENYL 92-93-3
1-M ETHYLFLUORENE 1730-37-6 [4-NITROPHENOL 100-02-7
1-M ETHYLPHENANTHRENE 832-69-9|44-M ETHYLENE-BIS(2-CHLOROA NILINE) 101-14-4
1-PHENYLNAPHTHA LENE 605-02-7 [45-M ETHYLENE-PHENANTHRENE 203-64-5
12-DIBROMO-3-CHLOROPROPA NE 96-12-8 |[5-CHLORO-O-TOLUIDINE 95-79-4
12-DICHLOROBENZENE 95-50-1 |5-NITRO-O-TOLUIDINE 99-55-8
12-DIPHENYLHYDRA ZINE 122-66-7 |7,12-DIMETHYLBENZ(A)ANTHRA CENE 57-97-6
123-TRICHLOROBENZENE 87-61-6 |JACENAPHTHENE 83-32-9
123-TRIMETHOXYBENZENE 634-36-6 |ACENAPHTHYLENE 208-96-8
12,4-TRICHLOROBENZENE 120-82-1 |[ACETOPHENONE 98-86-2
12,45-TETRACHLOROBENZENE 95-94-3 |JALPHA -NAPHTHYLAMINE 134-32-7
12:34-DIEPOXYBUTANE 1464-53-5 |ALPHA -TERPINEOL 98-55-5
13-BENZENEDIOL (RESORCINOL) 108-46-3 [ANILINE 62-53-3
13-DICHLORO-2-PROPANOL 96-23-1 |ANTHRA CENE 120-12-7
13-DICHLOROBENZENE 541-73-1 |ARAMITE 140-57-8
135-TRITHIANE 291-21-4 [ BENZANTHRONE 82-05-3
14-DICHLOROBENZENE 106-46-7 [BENZENETHIOL 108-98-5
14-DINITROBENZENE 100-25-4 [BENZIDINE 92-87-5
14-NAPHTHOQUINONE 130-15-4 [BENZOICACID 65-85-0
15-NAPHTHALENEDIAMINE 2243-62-1 |[BENZO(A)ANTHRA CENE 56-55-3
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Table 6-7: EPA Sampling Episode Pollutants Analyzed (continued)

POLLUTANT CASNUM |[POLLUTANT CASNUM
1625: SEMIVOLATILE ORGANICS 1625: SEMIVOLATILE ORGANICS

BENZO(A)PYRENE 50-32-8 IN-NITROSOMORPHOLINE 59-89-2
BENZO(B)FLUORANTHENE 205-99-2 IN-NITROSOPIPERIDINE 100-75-4
BENZO(GHI)PERYLENE 191-24-2 IN,N-DIMETHYLFORMAMIDE 68-12-2
BENZO(K)FLUORANTHENE 207-08-9 |O-ANISIDINE 90-04-0
BENZYLALCOHOL 100-51-6 |O-CRESOL 95-48-7
BETA-NAPHTHYLAMINE 91-59-8 |O-TOLUIDINE 95-53-4
BIPHENYL 92-52-4 |[P-CRESOL 106-44-5
BIS(2-CHLOROETHOXY)METHANE 111-91-1 |[P-CYMENE 99-87-6
BI1S(2-CHLOROETHYL)ETHER 111-44-4 |[P-DIMETHYLAMINO-AZOBENZENE 60-11-7
B1S(2-CHLOROISOPROPYL)ETHER 108-60-1 [PENTA CHLOROBENZENE 608-93-5
BIS(2-ETHYLHEXYL)PHTHA LATE 117-81-7 |PENTACHLOROETHA NE 76-01-7
BUTYLBENZYLPHTHALATE 85-68-7 [PENTA CHLOROPHENOL 87-86-5
CA RBA ZOLE 86-74-8 [IPENTAMETHYLBENZENE 700-12-9
CHRYSENE 218-01-9 [PERYLENE 198-55-0
CROTOXYPHOS 7700-17-6 [PHENA CETIN 62-44-2
DIBENZOFURA N 132-64-9 [PHENANTHRENE 85-01-8
DIBENZOTHIOPHENE 132-65-0 [PHENOL 108-95-2
DIBENZO(A H)ANTHRA CENE 53-70-3 |[PHENOTHIA ZINE 92-84-2
DIETHYLPHTHALATE 84-66-2 [IPRONAMIDE 23950-58-5
DIMETHYL PHTHA LA TE 131-11-3 |PYRENE 129-00-0
DIMETHYL SULFONE 67-71-0 |[PYRIDINE 110-86-1
DI-N-BUTYLPHTHA LATE 84-74-2 |SA FROLE 94-59-7
DI-N-OCTYLPHTHA LATE 117-84-0 [SQUA LENE 7683-64-9
DIPHENYLETHER 101-84-8 [STYRENE 100-42-5
DIPHENYLAMINE 122-39-4 |THIANAPHTHENE (2,3-BENZOTHIOPHENE) 95-15-8
DIPHENYLDISULFIDE 882-33-7 |THIOACETAMIDE 62-55-5
ETHYLMETHANESULFONATE 62-50-0 [THIOXANTHONE 492-22-8
ETHYLENETHIOUREA 96-45-7 |[TRIPHENYLENE 217-59-4
ETHYNYLESTRADIOL-3-M ETHYL ETHER 72-33-3 |TRIPROPYLENEGLYCOLMETHYL ETHER 20324-33-8
FLUORANTHENE 206-44-0

FLUORENE 86-73-7

HEXA CHLOROBENZENE 118-74-1

HEXA CHLOROBUTADIENE 87-68-3

HEXA CHLOROCYCLOPENTADIENE 77-47-4

HEXA CHLOROETHA NE 67-72-1

HEXA CHLOROPROPENE 1888-71-7

HEXANOICACID 142-62-1

INDENO(1,2,3-CD)PYRENE 193-39-5

ISOPHORONE 78-59-1

ISOSA FROLE 120-58-1

LONGIFOLENE 475-20-7

M A LACHITE GREEN 569-64-2

M ETHAPYRILENE 91-80-5

METHYLMETHANESULFONATE 66-27-3

NAPHTHA LENE 91-20-3

N-C10 (N-DECA NE) 124-18-5

N-C12 (N-DODECA NE) 112-40-3

N-C14 (N-TETRADECA NE) 629-59-4

N-C16 (N-HEXA DECA NE) 544-76-3

N-C18 (N-OCTADECANE) 593-45-3

N-C20 (N-EICOSA NE) 112-95-8

N-C22 (N-DOCOSA NE) 629-97-0

N-C24 (N-TETRA COSANE) 646-31-1

N-C26 (N-HEXA COSA NE) 630-01-3

N-C28 (N-OCTA COSA NE) 630-02-4

N-C30 (N-TRIACONTANE) 638-68-6

NITROBENZENE 98-95-3

N-NITROSODIETHYLAMINE 55-18-5

N-NITROSODIMETHYLAMINE 62-75-9

N-NITROSODI-N-BUTYLA M INE 924-16-3

N-NITROSODI-N-PROPYLA MINE 621-64-7

N-NITROSODIPHENYLAMINE 86-30-6

N-NITROSOMETHYL-ETHYLAMINE 10595-95-6

N-NITROSOMETHYL-PHENYLAMINE 614-00-6
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Table 6-8: EPA Sampling Episode List of Analytes Never Detected

LE-9

Non-Hazardous Subcategory Hazardous Subcategory
Subtitle D Municipal Subtitle D Non-Municipal

POLLUTANT CASNUM E4491 EA4626 E4667 E4687 EA4738 | E4A503 E4630 E4631 E4638 E4639 E4644 E4683 E4690 EA4721 [ E4631 E4659 E4682 E4690 E4721 E4759
1613: DIOXINS/FURANS
2378-TCDD 1746-01-6 ND - - ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2378-TCDF 51207-31-9 ND - - ND ND ND ND ND ND ND ND ND ND ND ND ND ND
12378-PECDD 40321-76-4 ND - - ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
12378-PECDF 57117-41-6 ND - - ND ND ND ND ND ND ND ND ND ND ND ND ND ND
23478-PECDF 57117-31-4 ND - - ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
123478-HXCDD 39227-28-6 ND - - ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
123678-HXCDD 57653-85-7 ND - - ND ND ND ND ND ND ND ND ND ND ND ND ND ND
123789-HXCDD 19408-74-3 ND - - ND ND ND ND ND ND ND ND ND ND ND ND ND ND
123478-HXCDF 70648-26-9 ND - - ND ND ND ND ND ND ND ND ND ND ND ND ND ND
123678-HXCDF 57117-44-9 ND - - ND ND ND ND ND ND ND ND ND ND ND ND ND ND
123789-HXCDF 72918-21-9 ND - - ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
234678-HXCDF 60851-34-5 ND - - ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1234678-HPCDD 35822-46-9 - - ND ND ND ND ND ND ND ND ND ND ND
1234678-HPCDF 67562-39-4 ND - - ND ND ND ND ND ND ND ND ND ND ND ND
1234789-HPCDF 55673-89-7 ND - - ND ND ND ND ND ND ND ND ND ND ND ND ND ND
OCDD 3268-87-9 - - ND ND ND ND ND ND ND ND ND ND
OCDF 39001-02-0 ND - - ND ND ND ND ND ND ND ND ND ND ND ND ND
1620: METALS
ALUMINUM 7429-90-5 ND ND ND ND ND
ANTIMONY 7440-36-0 ND ND ND ND ND ND ND ND ND
ARSENIC 7440-38-2 ND ND ND
BARIUM 7440-39-3
BERYLLIUM 7440-41-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
BISMUTH 7440-69-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
BORON 7440-42-8 ND
CADMIUM 7440-43-9 ND ND ND ND ND ND ND ND ND ND
CALCIUM 7440-70-2
CERIUM 7440-45-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
CHROMIUM 7440-47-3 ND ND ND ND ND ND ND ND ND
COBALT 7440-48-4 ND ND ND ND ND ND ND ND
COPPER 7440-50-8 ND ND ND ND ND ND
DY SPROSIUM 7429-91-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ERBIUM 7440-52-0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
EUROPIUM 7440-53-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
GADOLINIUM 7440-54-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
GALLIUM 7440-55-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
GERMANIUM 7440-56-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
GOLD 7440-57-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
HAFNIUM 7440-58-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
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Table 6-8: EPA Sampling Episode List of Analytes Never Detected (continued)

Non-Hazardous Subcategory

Hazardous Subcategory

Subtitle D Municipal

Subtitle D Non-Municipal

POLLUTANT CASNUM E4491 E4626 E4667 E4687 E4738 | E4A503 E4630 E4631 E4638 E4639 E4644 E4683 E4690 E4721 | E4631 E4659 E4682 E4690 E4721 E4759
HOLMIUM 7440-60-0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
INDIUM 7440-74-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
IODINE 7553-56-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
IRIDIUM 7439-88-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
IRON 7439-89-6

LANTHANUM 7439-91-0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

LEAD 7439-92-1 ND ND ND ND ND ND ND ND ND ND ND ND
LITHIUM 7439-93-2 ND ND ND ND ND ND ND

LUTETIUM 7439-94-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
MAGNESIUM 7439-95-4

MANGANESE 7439-96-5

MERCURY 7439-97-6 ND ND ND ND ND ND ND ND ND ND ND ND ND
MOLYBDENUM 7439-98-7 ND ND ND ND ND ND ND ND

NEODYMIUM 7440-00-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
NICKEL 7440-02-0 ND ND ND ND

NIOBIUM 7440-03-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
OSMIUM 7440-04-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PALLADIUM 7440-05-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PHOSPHORUS 7723-14-0 ND ND ND ND ND ND

PLATINUM 7440-06-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
POTASSIUM 7440-09-7 ND ND

PRASEODYMIUM 7440-10-0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
RHENIUM 7440-15-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
RHODIUM 7440-16-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
RUTHENIUM 7440-18-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
SAMARIUM 7440-19-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
SCANDIUM 7440-20-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
SELENIUM 7782-49-2 ND ND ND ND ND ND ND ND ND ND ND

SILICON 7440-21-3 ND

SILVER 7440-22-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
SODIUM 7440-23-5

STRONTIUM 7440-24-6 ND

SULFUR 7704-34-9 ND ND

TANTALUM 7440-25-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TELLURIUM 13494-80-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TERBIUM 7440-27-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
THALLIUM 7440-28-0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
THORIUM 7440-29-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
THULIUM 7440-30-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TIN 7440-31-5 ND ND ND ND ND ND ND ND ND ND ND ND ND




Table 6-8: EPA Sampling Episode List of Analytes Never Detected (continued)
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Non-Hazardous Subcategory Hazardous Subcategory
Subtitle D Municipal Subtitle D Non-Municipal

POLLUTANT CASNUM E4491 E4626 [E4667 [E4687 EA4738 | EA503 E4630 E4631 FE4638 E4639 E4644 [E4683 E4690 E4721 | E4631 E4659 E4682 E4690 E4721 E4759
TITANIUM 7440-32-6 ND ND ND ND ND ND
TUNGSTEN 7440-33-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
URANIUM 7440-61-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
VANADIUM 7440-62-2 ND ND ND ND ND ND ND ND
Y TTERBIUM 7440-64-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
YTTRIUM 7440-65-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ZINC 7440-66-6 ND
ZIRCONIUM 7440-67-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1624: VOLATILE ORGANICS
1,1-DICHLOROETHANE 75-34-3 ND ND ND ND ND ND ND ND ND ND ND ND
1,1-DICHLOROETHENE 75-35-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1,1,1-TRICHLOROETHANE 71-55-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1,1,1,2-TETRACHLOROETHANE 630-20-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1,1,2-TRICHLOROETHANE 79-00-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1,1,2,2-TETRACHLOROETHANE 79-34-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1,2-DIBROMOETHANE 106-93-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1,2-DICHLOROETHANE 107-06-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1,2-DICHLOROPROPANE 78-87-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1,2,3-TRICHLOROPROPANE 96-18-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1,3-DICHLOROPROPANE 142-28-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1,4-DIOXANE 123-91-1 ND ND ND ND ND ND ND ND ND ND ND
2-BUTANONE (MEK) 78-93-3 ND ND ND ND ND ND ND ND
2-CHLORO-1,3-BUTADIENE 126-99-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2-CHLOROETHYLVINYL ETHER 110-75-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2-HEXANONE 591-78-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2-METHY L-2-PROPENENITRILE 126-98-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2-PROPANONE (ACETONE) 67-64-1 ND ND ND ND ND
2-PROPENAL (ACROLEIN) 107-02-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2-PROPEN-1-OL (ALLYL ALCOHOL) 107-18-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
3-CHLOROPROPENE 107-05-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4-METHYL-2-PENTANONE 108-10-1 ND ND ND ND ND ND ND ND ND ND ND
ACRYLONITRILE 107-13-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
BENZENE 71-43-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
BROMODICHLOROMETHANE 75-27-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
BROMOFORM 75-25-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
BROMOMETHANE 74-83-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
CARBON DISULFIDE 75-15-0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
CHLOROACETONITRILE 107-14-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
CHLOROBENZENE 108-90-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
CHLOROETHANE 75-00-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
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CHLOROFORM 67-66-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
CHLOROMETHANE 74-87-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
CIS-1,3-DICHLOROPROPENE 10061-01-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
CROTONALDEHYDE 4170-30-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
DIBROMOCHLOROMETHANE 124-48-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
DIBROMOMETHANE 74-95-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
DIETHYL ETHER 60-29-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ETHYL BENZENE 100-41-4 ND ND ND ND ND ND ND ND ND
ETHYL CYANIDE 107-12-0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ETHYL METHACRYLATE 97-63-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
IODOMETHANE 74-88-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ISOBUTYL ALCOHOL 78-83-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
METHYLENE CHLORIDE 75-09-2 ND ND ND ND ND ND ND ND ND ND
M-XYLENE 108-38-3 ND ND ND ND ND ND ND ND ND ND ND
O+P XYLENE 136777-61-2 ND ND ND ND ND ND ND ND ND ND ND ND ND
TETRACHLOROETHENE 127-18-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TETRACHLOROMETHANE 56-23-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TOLUENE 108-88-3 ND ND ND ND ND ND ND
TRANS-1,2-DICHLOROETHENE 156-60-5 ND ND ND ND ND ND ND ND ND ND ND ND ND
TRANS-1,3-DICHL OROPROPENE 10061-02-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TRANS-1,4-DICHLORO-2-BUTENE 110-57-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TRICHLOROETHENE 79-01-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TRICHLOROFLUOROMETHANE 75-69-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
VINYL ACETATE 108-05-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
VINYL CHLORIDE 75-01-4 ND ND ND ND ND ND ND ND ND ND ND ND
1625: SEMIVOLATILE ORGANICS
1-METHYLFLUORENE 1730-37-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1-METHYLPHENANTHRENE 832-69-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1-PHENYLNAPHTHALENE 605-02-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1,2-DIBROMO-3-CHLOROPROPANE 96-12-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1,2-DICHLOROBENZENE 95-50-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1,2-DIPHENYLHYDRAZINE 122-66-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1,2,3-TRICHLOROBENZENE 87-61-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1,2,3-TRIMETHOXYBENZENE 634-36-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1,2,4-TRICHLOROBENZENE 120-82-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1,2,4,5-TETRACHLOROBENZENE 95-94-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1,2:3,4-DIEPOXYBUTANE 1464-53-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1,3-BENZENEDIOL (RESORCINOL) 108-46-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1,3-DICHLORO-2-PROPANOL 96-23-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1,3-DICHLOROBENZENE 541-73-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
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1,3,5-TRITHIANE 291-21-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1,4-DICHLOROBENZENE 106-46-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1,4-DINITROBENZENE 100-25-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1,4-NAPHTHOQUINONE 130-15-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1,5-NAPHTHALENEDIAMINE 2243-62-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2-BROMOCHLOROBENZENE 694-80-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2-CHLORONAPHTHALENE 91-58-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2-CHLOROPHENOL 95-57-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2-ISOPROPYLNAPHTHALENE 2027-17-0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2-METHYL-4,6-DINITROPHENOL 534-52-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2-METHYLBENZOTHIOAZOLE 120-75-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2-METHYLNAPHTHALENE 91-57-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2-NITROANILINE 88-74-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2-NITROPHENOL 88-75-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2-PHENYLNAPHTHALENE 612-94-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2-PICOLINE 109-06-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2-(METHYLTHIO)BENZOTHIAZOLE 615-22-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2,3-BENZOFLUORENE 243-17-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2,3-DICHLOROANILINE 608-27-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2,3-DICHLORONITROBENZENE 3209-22-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2,3,4,6-TETRACHLOROPHENOL 58-90-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2,3,6-TRICHLOROPHENOL 933-75-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2,4-DIAMINOTOLUENE 95-80-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2,4-DICHLOROPHENOL 120-83-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2,4-DIMETHYLPHENOL 105-67-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2,4-DINITROPHENOL 51-28-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2,4-DINITROTOLUENE 121-14-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2,4,5-TRICHLOROPHENOL 95-95-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2,45-TRIMETHYLANILINE 137-17-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2,4,6-TRICHLOROPHENOL 88-06-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2,6-DICHLORO-4-NITROANILINE 99-30-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2,6-DICHLOROPHENOL 87-65-0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2,6-DINITROTOLUENE 606-20-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2,6-DI-TERT-BUTYL-P-BENZOQUINONE 719-22-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
3-BROMOCHLOROBENZENE 108-37-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
3-CHLORONITROBENZENE 121-73-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
3-METHYLCHOLANTHRENE 56-49-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
3-NITROANILINE 99-09-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
3,3-DICHLOROBENZIDINE 91-94-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
3,3-DIMETHOXYBENZIDINE 119-90-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
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3,5-DIBROMO-4-HYDROXYBENZONITRILE 1689-84-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
3,6-DIMETHYLPHENANTHRENE 1576-67-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4-AMINOBIPHENY L 92-67-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4-BROMOPHENYL PHENYL ETHER 101-55-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4-CHLORO-2-NITROANILINE 89-63-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4-CHLORO-3-METHYLPHENOL 59-50-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4-CHLOROANILINE 106-47-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4-CHLOROPHENYL PHENYL ETHER 7005-72-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4-NITROANILINE 100-01-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4-NITROBIPHENY L 92-93-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4-NITROPHENOL 100-02-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4,4-METHY LENE-BIS(2-CHLOROANILINE) 101-14-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4,5-METHYLENE-PHENANTHRENE 203-64-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
5-CHLORO-O-TOLUIDINE 95-79-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
5-NITRO-O-TOLUIDINE 99-55-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
7,12-DIMETHYLBENZ(A)ANTHRACENE 57-97-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ACENAPHTHENE 83-32-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ACENAPHTHYLENE 208-96-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ACETOPHENONE 98-86-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ALPHA-NAPHTHYLAMINE 134-32-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ALPHA-TERPINEOL 98-55-5 ND ND ND ND ND ND ND ND ND ND ND ND
ANILINE 62-53-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

ANTHRACENE 120-12-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ARAMITE 140-57-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
BENZANTHRONE 82-05-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
BENZENETHIOL 108-98-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
BENZIDINE 92-87-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
BENZOICACID 65-85-0 ND ND ND ND ND ND ND ND ND ND

BENZO(A)ANTHRACENE 56-55-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
BENZO(A)PY RENE 50-32-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
BENZO(B)FLUORANTHENE 205-99-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
BENZO(GHI)PERYLENE 191-24-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
BENZO(K)FLUORANTHENE 207-08-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
BENZYL ALCOHOL 100-51-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
BETA-NAPHTHYLAMINE 91-59-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
BIPHENYL 92-52-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
BIS(2-CHLOROETHOXY) METHANE 111-91-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
BIS(2-CHLOROETHYL) ETHER 111-44-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
BIS(2-CHLOROISOPROPYL) ETHER 108-60-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
BIS(2-ETHYLHEXYL) PHTHALATE 117-81-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
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BUTYL BENZYL PHTHALATE 85-68-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
CARBAZOLE 86-74-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
CHRYSENE 218-01-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
CROTOXYPHOS 7700-17-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
DIBENZOFURAN 132-64-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
DIBENZOTHIOPHENE 132-65-0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
DIBENZO(A ,H) ANTHRACENE 53-70-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
DIETHYL PHTHALATE 84-66-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
DIMETHYL PHTHALATE 131-11-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
DIMETHYL SULFONE 67-71-0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
DI-N-BUTYL PHTHALATE 84-74-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
DI-N-OCTYL PHTHALATE 117-84-0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
DIPHENYL ETHER 101-84-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
DIPHENYLAMINE 122-39-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
DIPHENYLDISULFIDE 882-33-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ETHYL METHANESULFONATE 62-50-0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ETHYLENETHIOUREA 96-45-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ETHYNYLESTRADIOL-3-METHYL ETHER 72-33-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
FLUORANTHENE 206-44-0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
FLUORENE 86-73-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
HEXACHLOROBENZENE 118-74-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
HEXACHLOROBUTADIENE 87-68-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
HEXACHLOROCYCLOPENTADIENE 77-47-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
HEXACHLOROETHANE 67-72-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
HEXACHLOROPROPENE 1888-71-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
HEXANOICACID 142-62-1 ND ND ND ND ND ND ND ND ND
INDENO(1,2,3-CD)PYRENE 193-39-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ISOPHORONE 78-59-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ISOSAFROLE 120-58-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
LONGIFOLENE 475-20-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
MALACHITE GREEN 569-64-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
METHAPYRILENE 91-80-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
METHYL METHANESULFONATE 66-27-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
NAPHTHALENE 91-20-3 ND ND ND ND ND ND ND ND ND ND ND ND ND

N-C10 (N-DECANE) 124-18-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
N-C12 (N-DODECANE) 112-40-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
N-C14 (N-TETRADECANE) 629-59-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
N-C16 (N-HEXADECANE) 544-76-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
N-C18 (N-OCTADECANE) 593-45-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
N-C20 (N-EICOSANE) 112-95-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
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N-C22 (N-DOCOSANE) 629-97-0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
N-C24 (N-TETRACOSANE) 646-31-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
N-C26 (N-HEXACOSANE) 630-01-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
N-C28 (N-OCTACOSANE) 630-02-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
N-C30 (N-TRIACONTANE) 638-68-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
NITROBENZENE 98-95-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
N-NITROSODIETHYLAMINE 55-18-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
N-NITROSODIMETHYLAMINE 62-75-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
N-NITROSODI-N-BUTYLAMINE 924-16-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
N-NITROSODI-N-PROPYLAMINE 621-64-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
N-NITROSODIPHENYLAMINE 86-30-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
N-NITROSOMETHYL -ETHYLAMINE 10595-95-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
N-NITROSOMETHYL-PHENYLAMINE 614-00-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
N-NITROSOMORPHOLINE 59-89-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
N-NITROSOPIPERIDINE 100-75-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
N,N-DIMETHYLFORMAMIDE 68-12-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
O-ANISIDINE 90-04-0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
0O-CRESOL 95-48-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
O-TOLUIDINE 95-53-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
P-CRESOL 106-44-5 ND ND ND ND ND ND ND ND ND ND ND
P-CYMENE 99-87-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
P-DIMETHYLAMINO-AZOBENZENE 60-11-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PENTACHLOROBENZENE 608-93-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PENTACHLOROETHANE 76-01-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PENTACHLOROPHENOL 87-86-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PENTAMETHYLBENZENE 700-12-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PERYLENE 198-55-0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PHENACETIN 62-44-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PHENANTHRENE 85-01-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PHENOL 108-95-2 ND ND ND ND ND ND ND
PHENOTHIAZINE 92-84-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PRONAMIDE 23950-58-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PYRENE 129-00-0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PYRIDINE 110-86-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
SAFROLE 94-59-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
SQUALENE 7683-64-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
STYRENE 100-42-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
THIANAPHTHENE (2,3-BENZOTHIOPHENE) 95-15-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
THIOACETAMIDE 62-55-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
THIOXANTHONE 492-22-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
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TRIPHENYLENE 217-59-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TRIPROPYLENEGLYCOLMETHYL ETHER 20324-33-8 ND ND ND ND ND ND ND ND ND ND ND ND ND

1656: PESTICIDES/HERBICIDES

ACEPHATE 30560-19-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ACIFLUORFEN 50594-66-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ALACHLOR 15972-60-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ALDRIN 309-00-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ATRAZINE 1912-24-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

BENFLURALIN 1861-40-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ALPHA-BHC 319-84-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
BETA-BHC 319-85-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

GAMMA-BHC 58-89-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

DELTA-BHC 319-86-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

BROMACIL 314-40-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
BROMOXYNIL OCTANOATE 1689-99-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
BUTACHLOR 23184-66-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
CAPTAFOL 2425-06-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
CAPTAN 133-06-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
CARBOPHENOTHION 786-19-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ALPHA-CHLORDANE 5103-71-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
GAMMA-CHLORDANE 5103-74-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
CHLOROBENZILATE 510-15-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

CHLORONEB 2675-77-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
CHLOROPROPYLATE 5836-10-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
CHLOROTHALONIL 1897-45-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
DIBROMOCHLOROPROPANE (DBCP) 96-12-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
DACTHAL (DCPA) 1861-32-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4,4-DDD 72-54-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4,4'-DDE 72-55-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4,4-DDT 50-29-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

DIALLATEA 2303-16-4A ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
DIALLATEB 2303-16-4B ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

DICHLONE 117-80-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
DICOFOL 115-32-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
DIELDRIN 60-57-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ENDOSULFAN | 959-98-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ENDOSULFAN II 33213-65-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ENDOSULFAN SULFATE 1031-07-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ENDRIN 72-20-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ENDRIN ALDEHYDE 7421-93-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND




Table 6-8: EPA Sampling Episode List of Analytes Never Detected (continued)
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Non-Hazardous Subcategory Hazardous Subcategory
Subtitle D Municipal Subtitle D Non-Municipal

POLLUTANT CASNUM E4491 E4626 E4667 E4687 E4738 | EA503 E4630 E4631 E4638 E4639 E4644 E4683 E4690 E4721 | E4631 E4659 E4682 E4690 EA4721 EA4759
ENDRIN KETONE 53494-70-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ETHALFLURALIN 55283-68-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ETRADIAZOLE 2593-15-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
FENARIMOL 60168-88-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
HEPTACHLOR 76-44-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
HEPTACHLOR EPOXIDE 1024-57-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ISODRIN 465-73-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ISOPROPALIN 33820-53-0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
KEPONE 143-50-0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
METHOXYCHLOR 72-43-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
METRIBUZIN 21087-64-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
MIREX 2385-85-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
NITROFEN 1836-75-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
NORFLUORAZON 27314-13-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PCB-1016 12674-11-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PCB-1221 11104-28-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PCB-1232 11141-16-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PCB-1242 53469-21-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PCB-1248 12672-29-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PCB-1254 11097-69-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PCB-1260 11096-82-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PENTACHLORONITROBENZENE (PCNB) 82-68-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PENDAMETHALIN 40487-42-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
CIS-PERMETHRIN 61949-76-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TRANS-PERMETHRIN 61949-77-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PERTHANE 72-56-0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PROPACHLOR 1918-16-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PROPANIL 709-98-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PROPAZINE 139-40-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
SIMAZINE 122-34-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
STROBANE 8001-50-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TERBACIL 5902-51-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TERBUTHYLAZINE 5915-41-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TOXAPHENE 8001-35-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TRIADIMEFON 43121-43-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TRIFLURALIN 1582-09-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1657: PESTICIDES/HERBICIDES
AZINPHOSETHYL 2642-71-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
AZINPHOSMETHYL 86-50-0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
CHLORFEVINPHOS 470-90-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND




Table 6-8: EPA Sampling Episode List of Analytes Never Detected (continued)
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Non-Hazardous Subcategory Hazardous Subcategory
Subtitle D Municipal Subtitle D Non-Municipal

POLLUTANT CASNUM E4491 E4626 E4667 E4687 EA4738 | E4A503 E4630 E4631 E4638 E4639 [E4644 E4683 E4690 E4721 | E4631 E4659 E4682 E4690 E4721 E4759
CHLORPYRIFOS 2921-88-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
COUMAPHOS 56-72-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
CROTOXYPHOS 7700-17-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
DEF 78-48-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
DEMETON A 8065-48-3A ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
DEMETON B 8065-48-3B ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
DIAZINON 333-41-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
DICHLORFENTHION 97-17-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
DICHLORVOS 62-73-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
DICROTOPHOS 141-66-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
DIMETHOATE 60-51-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
DIOXATHION 78-34-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
DISULFOTON 298-04-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
EPN 2104-64-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ETHION 563-12-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ETHOPROP 13194-48-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
FAMPHUR 52-85-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
FENSULFOTHION 115-90-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
FENTHION 55-38-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
HEXAMETHYLPHOSPHORAMIDE 680-31-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
LEPTOPHOS 21609-90-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
MALATHION 121-75-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
MERPHOS 150-50-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
METHAMIDOPHOS 10265-92-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
METHYL CHLORPYRIFOS 5598-13-0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
METHYL PARATHION 298-00-0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
METHYL TRITHION 953-17-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
MEVINPHOS 7786-34-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
MONOCROTOPHOS 6923-22-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
NALED 300-76-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PARATHION (ETHYL) 56-38-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PHORATE 298-02-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PHOSMET 732-11-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PHOSPHAMIDON E 297-99-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PHOSPHAMIDON Z 23783-98-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
RONNEL 299-84-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
SULFOTEPP 3689-24-5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
SULPROFOS 35400-43-2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TEPP 107-49-3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TERBUFOS 13071-79-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND




Table 6-8: EPA Sampling Episode List of Analytes Never Detected (continued)

879

Non-Hazardous Subcategory Hazardous Subcategory
Subtitle D Municipal Subtitle D Non-Municipal
POLLUTANT CASNUM E4491 E4626 [E4667 [EA4687 E4738 | E4503 E4630 E4631 E4638 E4639 E4644 E4683 E4690 E4721 | E4631 E4659 E4682 E4690 E4721 E4759
TETRACHLORVINPHOS 22248-79-9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TOKUTHION 34643-46-4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TRICHLORFON 52-68-6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TRICHLORONATE 327-98-0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TRICRESYLPHOSPHATE 78-30-8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TRIMETHYLPHOSPHATE 512-56-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1658: PESTICIDESHERBICIDES
DALAPON 75-99-0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
DICAMBA 1918-00-9 ND ND ND ND ND ND ND
DICHLOROPROP 120-36-5 ND ND ND ND ND ND ND ND
DINOSEB 88-85-7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
MCPA 94-74-6 ND ND ND ND
MCPP 7085-19-0 ND ND ND ND ND ND ND ND
PICLORAM 1918-02-1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
2,4-D 94-75-7 ND ND ND ND ND ND ND ND ND
2,4-DB 94-82-6 ND ND ND ND ND ND ND ND ND ND
2,4,5-T 93-76-5 ND ND ND ND ND ND ND ND ND ND
245TP 93-72-1 ND ND ND ND ND ND ND
CLASSSICAL WET CHEMISTRY
AMENABLE CYANIDE C-025 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
AMMONIA NITROGEN 7664-41-7 ND
BOD C-002 ND
CHLORIDE 16887-00-6 ND
COD C-004
FLUORIDE 16984-48-8
HEXANE EXTRACTABLE MATERIAL C-036 - - ND ND ND ND ND ND
HEXAVALENT CHROMIUM 18540-29-9 ND ND ND ND ND ND ND ND ND ND ND
NITRATE/NITRITE C-005
PH C-006
RECOVERABLE OIL AND GREASE C-007 - - - - - - - - ND - - - - ND - - - -
TDS C-010
TOC C-012 ND ND ND ND
TOTAL CYANIDE 57-12-5 ND ND ND ND ND ND ND ND ND
TOTAL PHENOLS C-020 ND ND
TOTAL PHOSPHORUS 14265-44-2 ND ND ND ND ND
TOTAL SOLIDS C-008 - - - - - - - - - - - - - - - ND - - - -
TOTAL SULFIDE 18496-25-8 - ND ND
TSS C-009 ND ND ND




Table 6-9: Subtitle D Non-Hazardous Subcategory Median Raw Wastewater Concentration File

Subtitle D Non-Hazardous

Subtitle D Municipal

Subtitle D Non-Municipal

Pollutant of Interest Median Concentration (ug/L) | Median Concentration (ug/L)
Conventional

BOD 240,000 67,000
TSS 137,000 20,500
Classical (Non-Conventional)

Ammonia as Nitrogen 81,717 75,000
COD 994,000 1,100,000
Hexavaent Chromium 30

Nitrate/Nitrite 651 950
TDS 2,894,289 4,850,000
TOC 376,521 236,000
Total Phenols 571 251
Organic (Toxic & Non-Conventional)

1,4-Dioxane 10.8

2-Butanone 1,082

2-Propanone 992

4-Methyl-2-Pentanone 101

Alpha Terpineol 123

Benzoic Acid 100

Hexanoic Acid 5,818

Methylene Chloride 36.8

N,N-Dimethylformamide 10

O-Cresol 15

P-Cresol 75

Phenol 102

Toluene 108

Tripropyleneglycol Methyl Ether 197

Metals (Toxic & Non-Conventional)

Barium 483

Chromium 28

Strontium 1,671 4,615
Titanium 63.8

Zinc 100

Pesticides/Her bicides (Non-Conventional)

Dichloroprop 6.1

Disulfoton 6.1

Dioxing/Furans (Non-Conventional)

1234678-HpCDD 0.00014

OCDD 0.0018

6-49




Table 6-10: Subtitle C Hazardous Subcategory Median Raw Wastewater Concentration File

Subtitle C Hazardous Median Conc. | Subtitle C Hazardous Median Conc.
Pollutant of Interest (ug/L) Pollutant of Interest (ug/L)
Conventional Organics (cont.)
BOD 620,500 Toluene 104
Hexane Extractable Material 29,360 Trans-1,2-Dichloroethene 74.3
TSS 151,000 Trichloroethene 44.6
Classical (Non-Conventional) Tripropyleneglycol Methyl Ether 853
Amenable Cyanide 1,638 Vinyl Chloride 42.7
Ammoniaas Nitrogen 268,000 Metals (Toxic & Non-Coventional)
COD 1,308,833 Arsenic 214
Nitrate/Nitrite 1,580 Chromium 47.8
TDS 15,958,333 Copper 36
TOC 440,902 Lithium 450
Tota Phenols 25,004 Molybdenum 913
Organics (Toxic & Non-Conventional) Nickel 240
1,1-Dichloroethane 45.7 | Selenium 20
1,4-Dioxane 466 Strontium 3,044
2,4-Dimethylphenol 70 Tin 146
2-Butanone 1,048 Titanium 32.6
2-Propanone 2,889 Total Cyanide 825
4-Methyl-2-Pentanone 500 Zinc 100
Alpha Terpineol 95.7 | Pesticides/Herbicides (Non-

Coventional)
Aniline 237 2,45TP 4.1
Benzene 36.9 | 24-D 5
Benzoic Acid 2,482 2,4-DB 7.9
Benzyl Alcohol 43.6 | Dicamba 4
Diethyl Ether 50 Dichloroprop 7.3
Ethylbenzene 44.8 | MCPA 209
Hexanoic Acid 2,703 MCPP 870
Isobutyl Alcohol 39.7 | Picloram 2
Methylene Chloride 118 Terbuthylazine 145
M-Xylene 29.4 | DioxingFurans (Non-Conventional)
Naphthalene 48.9 | 1234678-HpCDD 0.00018
O+P Xylene 17.1 | 1234678-HpCDF 0.00013
O-Cresol 78.8 | OCDD 0.00035
Phenol 4,400 OCDF 0.0019
Pyridine 70
P-Cresol 144

6-50
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Table 6-11: Range of Conventional and Selected Nonconventional Pollutants Raw Wastewater Average Concentrations (ug/L)

Non-Hazardous Subcategory Hazardous Subcategory
Subtitle D Municipal Subtitle D Non-Municipal
Pollutant Cas No. Min Max #0Obs |#ND Min Max #0Obs |#ND Min Max #0Obs |#ND
Amenable Cyanide C-025 - - - - 0.01 29,895 4 2
Biochemical Oxygen Demand (BOD) C-002 10,500| 7,609,318 31 0 1,000| 3,799,333 9 1 22,000| 2,962,535 8 0
Total Suspended Solids (TSS) C-009 6,500 | 14,470,000 26 0 4,000 | 16,500,000 8 2 31,667 568,233 9 0
pH C-006 6.7 9.8 5 0 6.6 9.2 9 0 5.8 11 6 0
Hexane Extractable Material C-036 5,000 26,000 4 0 5,000 64,000 9 4 5,000 64,800 5 1
Ammonia as Nitrogen 7664417 1,782] 2,900,000 24 0 100| 5,860,000 9 1 9,767 613,620 6 0
Chemical Oxygen Demand (COD) C-004 35,000 11,881,700 28 0 80,000 | 16,700,000 9 0] 270,000| 6,872,579 8 0
Nitrate/Nitrite C-005 20 50,800 17 3 50 36,000 9 1 380 192,516 6 0
Total Dissolved Solids (TDS) C-010 752,000 17,533,000 22 0] 936,000 [ 33,900,000 9 014,594,917 | 31,000,000 6 0
Total Organic Carbon (TOC) C-012 9,400 3,446,084 22 0 10,000 4,820,000 9 2 2,000 3,824,286 8 2
Total Phenols C-020 50| 2,051,249 15 1 50 39,200 9 1 280 192,367 5 0
Total Phosphorus 14265442 17 6,500 17 6 10 22,700 7 2 10 15,900 5 1

#Obs: Number of observations
#ND: Number of non-detects
(-): Not detected in any sample
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Table 6-12: Range of Metals and Toxic Pollutants Raw Wastewater Average Concentrations (ug/L)

Non-Hazardous Subcategory Hazardous Subcategory
Subtitle D Municipal Subtitle D Non-Municipal

Pollutant Cas No. Min Max #0Obs |#ND| Min Max | #Obs [#ND Min Max #0Obs |#ND
Aluminum 7429905 60.5( 111,100 7 0 21.5( 712,000 8 3 - - - -

Arsenic 7440382 - - - - 2| 18,300 10 3 17 1,370 9 1
Barium 7440393 43 3,500 19 1 140 3,570 10 0 - - - -

Boron 7440428 36 5,704 7 0 76| 16,250 8 0 511 8,175 7 0
Chromium 7440473 2 240 27 9 - - - - 10 720 9 3
Chromium (Hexavalent) 18540299 2 247 9 3 - - - - - - - -

Copper 7440508 - - - - - - - - 9 610 9 4
Iron 7439896 2,494| 1,667,600 27 0 556 [ 100,000 9 0 3,585 36,758 7 0
Lithium 7439932 - - - - - - - - 101 1,166 6 0
Magnesium 7439954 24,100 212,480 14 0 8,139| 388,000 9 0 8,307 440,767 6 0
Manganese 7439965 149 78,820 20 0 471 7,151 9 0 81 9,045 6 0
Molybdenum 7439987 - - - - 4.2 69 8 4 9 18,757 6 1
Nickel 7440020 - - - - - - - - 60 2,871 9 0
Phosphorus 7723140 - - - - - - - - 551 24,650 7 1
Selenium 7782492 - - - - - - - - 14 173 9 3
Silicon 7440213 1,034 91,100 4 0 2,498| 159,000 8 0 2,520 17,911 6 0
Strontium 7440246 787 2,146 4 0 277| 30,100 8 0 369 30,839 6 0
Sulfur 7704349 3,969| 107,999 4 0| 13,700| 386,573 7 0 10,360| 786,857 6 0
Tin 7440315 - - - - - - - - 30 1,118 6 1
Titanium 7440326 4 157 6 1 4.4 1,740 8 2 3 764 6 2
Total Cyanide 57125 - - - - - - - - 10 13,317 10 1
Zinc 7440666 115 31,813 27 1 2 1,240 10 1 455 846 9 0

#Obs. Number of observations
#ND: Number of non-detects
(-): Not detected in any sample




Table 6-13: Range of Organic Pollutants Raw Wastewater Average Concentrations (ug/L)

Non-Hazardous Subcategory Hazardous Subcategory
Subtitle D Municipal Subtitle D Non-Municipal

Pollutant Cas No. Min Max #0Obs |#ND Min Max [ #Obs [#ND Min Max #Obs |#ND
1,1-Dichloroethane 75343 - - - - - - - - 0.5 250 10 4
1,4-Dioxane 123911 10 323 5 2 - - - - 10 7,611 9 5
1234678-HpCDD 35822469 0.00005 0.007 3 1 - - - - 0.00005 0.007 6 2
1234678-HpCDF 67562394 - - - - - - - - 0.00005 0.001 6 2
2,4-D 94757 - - - - - - - - 0.5 310 9 4
2,4-DB 94826 - - - - - - - - 2.9 120 6 1
2,4-Dimethylphenol 105679 - - - - - - - - 10 2,546 9 5
2,45-TP 93721 - - - - - - - - 0.1 13.2 9 4
2-Butanone 78933 19.3 36,544 14 3 - - - - 50 15,252 10 3
2-Propanone 67641 50 8,614 12 4 50 780 10 6 73 8,166 10 1
4-Methyl-2-Pentanone 108101 35 46,161 13 4 - - - - 50 3,168 9 3
Alpha Terpineol 98555 10 1,061 5 1 - - - - 10 654 6 3
Aniline 62533 - - - - - - - - 10 2,500 9 5
Benzene 71432 - - - - - - - - 0.3 229 10 5
Benzoic Acid 65850 0.55 33,335 7 3 - - - - 50 306,194 6 1
Benzyl Alcohol 100516 - - - - - - - - 10 5,690 6 4
Dicamba 1918009 - - - - - - - - 0.49 31 6 0
Dichloroprop 120365 1 29 5 2 - - - - 2.2 44 6 1
Diethyl Ether 60297 - - - - - - - - 10 159 9 5
Disulfoton 298044 2.3 20 5 2 - - - - - - - -

Ethyl Benzene 100414 - - - - - - - - 0.5 1,072 10 4
Hexanoic Acid 142621 10 37,256 5 1 - - - - 13 31,086 6 1
Isobutyl Alcohol 78831 - - - - - - - - 10 10,000 9 6
MCPA 94746 - - - - 50 4370 8 2 15 7,071 6 1
MCPP 7085190 - - - - 50 1900 8 4 13 12,887 6 3
Methylene Chloride 75092 1.6 237 20 6 - - - - 1 19,112 10 4
M-Xylene 108383 - - - - - - - - 10 650 6| 2
Naphthalene 91203 - - - - - - - - 10 7,799 9 5
N,N-Dimethylformamide 68122 10 1,008 5 3 - - - - - - - -

OCDD 3268879 0.0001 0.082 3 1 0.0001 | 0.0176 8 5 0.0001 0.062 6 2
OCDF 39001020 - - - - - - - - 0.0001 0.012 6 2
O-Cresol 95487 1 2,215 8 6 - - - - 10 626 9 2
O+P Xylene 136777612 - - - - - - - - 10 230 6 2
P-Cresol 106445 1 998 9 3 - - - - 10 17,396 7 2
Phenol 108952 2 1,425 14 5 - - - - 10 99,947 9 1
Picloram 1918021 - - - - - - - - 0.5 7.3 5 2
Pyridine 110861 - - - - - - - - 10 10,000 9 6
Terbuthylazine 5915413 - - - - - - - - 5 97 5 2
Toluene 108883 3 598 23 5 - - - - 5 2,541 10 3
Trans-1,2-Dichloroethene 156605 - - - - - - - - 0.4 6,237 10 4
Trichloroethene 79016 - - - - - - - - 0.5 27,083 10 4
Tripropyleneglycol Methyl Ether 20324338 99 1,235 5 2 - - - - 99 3,182 6 3
Vinyl Chloride 75014 - - - - - - - - 0.2 1,429 10 5

#Obs. Number of observations
#ND: Number of non-detects
(-): Not detected in any sample
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Table 6-14: Dioxins and Furans at Non-Hazardous EPA Sampling Episodes by Episode and Sample Point

75 -9

SubtitleD Sample [1234678- 1234678- 123478- 123478- 1234789- 123678- 123678- 12378- 12378- 123789- 123789- 234678- 23478- 2378- 2378-
Episode/SP Type |HpCDD HpCDF OCDD OCDF HxCDD HxCDF HpCDF HxCDD HxCDF PeCDD PeCDF HxCDD HxCDF HxCDF PeCDF TCDD TCDF
Municipal

4491 sp01 - inf grab |140pg/L ND 1800 pg/L  ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4626 sp01 - inf - NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
4626 sp02 - inf - NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
4626 sp03 - inf - NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
4626 sp08 - eff - NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
4626sp09-FC | grab |32.9ng/kg ND 803ng/kg ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4626 sp09 - FC grab |41.2ng/kg ND 1100 ng/kg ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4667 sp01 - inf - NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
4667 spo6 - eff - NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
4667 sp07 - FC grab [29ng/kg ND 279ng/kg ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4667 sp07 - FC grab [32ng/kg ND 271ng/lkg ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4667 sp07 - FC grab |44ng/lkg ND 308ng/kg ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4667 sp07 - FC grab [43ng/kg ND 338ng/kg ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4667 sp07-FC | grab |39ng/lkg ND 290ng/kg ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4687 sp01 - inf comp |[ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4687 sp03 - eff comp |NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
4738 sp01 - inf grab |240pg/L 56 pg/L 11,000 pg/L ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4738 sp02 - inf grab |480pg/L ND 5,300 ng’kg ND ND ND ND 6ng/kg ND ND ND 16 ng/kg ND ND ND ND ND
Non-Municipal

4503 sp01 - inf grab |[ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4630 sp01 - inf grab [103pg/L ND 5380 pg/L  ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4631 sp03 - inf grab |ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4638 sp01 - inf grab |[ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4639 sp01 - inf grab |ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4644 sp01 - inf grab |[ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4721 sp04 - inf grab |ND ND 503 pg/L ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Note: Only filter cake was analyzed for dioxins and furansin Municipal episodes 4626 and 4667

sp: sample point comp: composite sample NS: Not sampled mg/L = 1000 ug/L
inf: influent grab: grab sample ND: Non-detect  ug/L = 1000 ng/L
eff: effluent FC: Filter cake ng/L = 1000 pg/L




Table 6-15: Dioxins and Furans at Hazardous EPA Sampling Episodes by Episode and Sample Point

SG-9

Episode Sample [1234678- 1234678- 123478- 123478- 1234789- 123678- 123678- 12378- 12378- 123789- 123789- 234678- 23478- 2378- 2378-
Sample Point Type [HpCDD HpCDF _ OCDD OCDF HXCDD HxCDEF HpCDF HxCDD HxCDF PeCDD PeCDF HxCDD HxCDF HxCDFE PeCDF TCDD TCDF
4631sp0l1-inf | grab ]13,600 pg/L 1,180 pg/L 116,000 pg/L 6,600 pg/L ND 95.4pg/L 162 pg/L 798 pg/L 202 pg/L ND 79.1pg/L196 pg/L ND ND ND ND 31.1 pg/Y
4631 sp02 - inf grab |479pg/L  88pg/L  7,920pg/L 573 pg/L ND ND ND ND ND ND ND ND ND ND ND ND ND
4659 sp01-inf | grab [ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4682 sp01 - inf grab |ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4682 sp02 - inf grab |ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4721spD01-inf comp ([446pg/L  ND 4,160pg/L  135pg/L ND ND ND ND ND ND ND ND ND ND ND ND ND
4721sp01-inf | comp [752pg/L  86pg/L 9,070pg/L 357 pg/L ND ND ND ND ND ND ND ND ND ND ND ND ND
4721sp01-inf | comp |593pg/L  55pg/L  6,290pg/L 243 pg/L ND ND ND ND ND ND ND ND ND ND ND ND ND
4721sp01-inf | comp [576pg/L ND 5,040pg/L 136 pg/L ND ND ND ND ND ND ND ND ND ND ND ND ND
4721sp01-inf | comp [496pg/L  62pg/L  4,630pg/L  212pg/L ND ND ND ND ND ND ND ND ND ND ND ND ND
4721 sp02 - eff - NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
4721sp03-inf | grab [551pg/L  70pg/L 5,080pg/L 162pg/L ND ND ND ND ND ND ND ND ND ND ND ND ND
4721sp05-inf | grab [698pg/L ND 5,080pg/L  290pg/L ND ND ND ND ND ND ND ND ND ND ND ND ND
4721 sp06 - inf grab |ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4759 sp01-inf | comp [ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
4759 sp03 - eff comp_|ND ND 100 pg/L ND ND ND ND ND ND ND ND ND ND ND ND ND ND
sp: sample point comp: composite sample D: Duplicate mg/L = 1000 ug/L

inf: influent grab: grab sample ND: Non-detect ug/L = 1000 ng/L

eff: effluent NS: Not sampled ng/L = 1000 pg/L



7.0 POLLUTANT PARAMETER SELECTION

7.1 I ntroduction

EPA reviewed wastewater characterization data presented in Chapter 6 to identify which pollutant
parameterspresent inlandfillswastewater should beconsidered for regulation. EPA classifies pollutants
into thefollowing three categories: conventional, nonconventional, and toxic pollutants. Conventional
pollutantsinclude BOD,, TSS, oil and grease, and pH. Toxic pollutants -- EPA aso refersto them as
priority pollutants-- include selected metal's, pesticides and herbicides, and over 100 organic parameters
that represent acomprehensivelist of volatileand semi-volatile compounds. Nonconventiona pollutants
areany pollutantsthat do not fall within the specific conventiond and toxic pollutant lists and include, for
example, TOC, COD, chloride, fluoride, ammonia-nitrogen, nitrate/nitrite, total phenol, and total

phosphorous.

Thischapter presentsthecriteriaused for the selection of pollutant parameters EPA evaduated for regulation
and the selection of pollutants for which EPA has established effluent limitations and standards.

7.2 Pollutants Considered for Regulation

To characterizelandfill wastewater and to determinethe pollutantsthat it should evaluatefor potential
limitations and standards, EPA collected wastewater characterization samplesat 15 landfill facilities, in
additiontoinfluent datacollected a sx, week-long sampling episodes. EPA andyzed wastewater samples
for 470 conventiona, toxic, and nonconventional pollutants including metal's, organics, pesticides,

herbicides, and dioxins and furans. Chapter 6 presents this wastewater characterization data.

Fromtheorigind list of 470 andytes, EPA developed alist of “pollutants of interest” for each subcategory
that it would further evaluatefor possibleregulation. Thislist reflectsthetypesof pollutantstypically found
inlandfill wastewater. From thislist of pollutants, EPA calculated the current pollutant massloadingsfor



theindustry and estimated the pol lutant | oading associ ated with compliancewith thefinal limitationsand
standards. Thelist of pollutantsof interest a so served asthe basisfor selecting pollutantsfor regulation.

7.3 Sdlection of Pollutants of I nterest

EPA determined pollutantsof interest for each subcategory using the raw wastewater data collected during
the EPA sampling program. Chapter 6 presentsthe landfill facilities sampled in each subcategory in Table
6-8 and whether EPA detected the pollutants analyzed in thefacility’ sraw wastewater. EPA only included
the sampled facilities that were within the scope of the rule to determine the pollutants of interest.
Therefore, EPA did not include sampling data from captive exempt facilities nor contaminated ground water
dataintheanalyss. Figure7-1 presentsadiagram of the procedures used to select pollutants of interest.

EPA appliedthefollowing criteriato develop alist of pollutantsfor further evaluation for each subcategory:

1 EPA determined any pollutant detected three or more timesin the influent at aconcentration at or
above 5 times the minimum level at more than one facility to be a pollutant of interest.

2. For dioxing/furans, EPA determined any dioxin or furan detected three or moretimesintheinfluent
at aconcentration above theminimum level a morethan onefacility to beapollutant of interest.

3. EPA excluded pollutantsthat are naturally occurring compoundsin soil or ground water at landfill
facilities or pollutantsthat are used astreatment chemicalsin thisindustry from the pollutants of
interest list. These compounds include aluminum, boron, calcium, chloride, fluoride, iron,
manganese, magnesium, potassium, silicon, sodium, sulfur, total phosphorus, and total sulfide.

Tables7-1and 7-2list thefina pollutants of interest for the Non-Hazardous and Hazardous subcategories
that EPA has selected for further evaluation after applying these criteria. Asshown in Table 7-1, EPA
identified separatelistsof pollutantsof interest for Subtitle D municipa solid wastelandfillsand Subtitle
D non-municipal solid waste landfills. However, EPA combined these two lists for the entire Non-
Hazardous landfill subcategory. At proposal, one Non-Hazardous subcategory pollutant of interest,
MCPA, was present at non-municipal solid waste landfills and was not present at municipal solid waste

landfills. However, after proposal, EPA re-evaluated the status of severd facilitiesinthe landfills database
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and now classifiesan additional ninefacilitiesas captive landfillsnot included within the scope of this
guiddine. With theremovd of pollutants associated with these facilities from the analys's, EPA determined
that, after application of thecriteria, MCPA wasno longer apollutant of interest for non-municipd facilities
becauseit was detected only twicein theinfluent at aconcentration at or above 5 timesthe minimum level
at two non-captivefacilities. Therefore, EPA did not include MCPA asapollutant of interest for the Non-
Hazardous subcategory for thefinal rule. Pollutantsof interest in both subcategoriesinclude conventiond,
nonconventiond, and toxic pollutants and include metal's, organics, pesticides, herbicides, and dioxinsand

furans.

7.4 Development of Pollutant Dischar ge L oadings

EPA estimated massloadingsof pollutant dischargesfor the pollutants of interest on afacility-by-facility
bass. The Agency caculated pollutant loadingsfor current discharges and estimated projected discharges
based on each of the regulatory options using the procedures described below.

74.1 Development of Current Dischar ge Concentrations

The current discharge concentration database contains the discharge concentration for each pollutant of
interest at each facility in each subcategory. The Agency determined mass|oadings by multiplying the
pollutant concentration by the facility-specific regulated wastewater flow. EPA used dl available data
including Detailed Questionnaire and Detailed M onitoring Questionnaire dataand EPA sampling datato

determine mass loadings.

Inthe Detailed Questionnaire and Detailed Monitoring Questionnaires, EPA requested facilitiesto provide
information on wastewater treatment-in-place and to provide concentration dataon treated wastewater
effluent. The Agency compiled dl effluent wastewater data for each facility after screening the datausing
the conventions discussed in Chapter 4 for raw wastewater. For facilities with multiple effluent sample
points, EPA determined thefind effluent concentration by taking aflow weighted average of the samples.
From the effluent wastewater datafrom each facility, the Agency created adatafilethat contained one
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average concentration value for each pollutant of interest at each facility. The amount of datain thefile
varied ggnificantly from facility to facility. EPA based severd of the current discharge concentrations on
hundreds of sampling data points obtained through the Detailed Monitoring Questionnaire, while it based
otherson asfew asone sampling datapoint. The Detailed Monitoring Questionnaire datareflect up to
three years of data and are unique to each facility in terms of numbers of parameters analyzed and
monitoring frequency. Additionally, monitoring may have been performed weekly, monthly, or quarterly.
For facilitiessampled by EPA, therewasinformation availablefor dl 470 anaytes, and sampling typically

reflected the daily performance of a system over afive-day period.

For facilitieswith wastewater treatment-in-place, but with either no available effluent data.or incomplete
effluent data, EPA generated atreated effluent average concentration. To develop thetreated effluent
average concentration, EPA grouped facilitiesby subcategory and then placed themin treatment-in-place
groups, depending on the type of treatment employed on site. Within atreatment-in-place group, the
Agency cdculated thetreated effluent average concentration for apollutant of interest by taking themedian
of adl weighted source averagesfor dl facilities within the trestment-in-place group. If there were no data
for aparticular pollutant within atreatment-in-place group, EPA caculated the treated effluent average
concentration for a pollutant of interest in a subcategory by taking the median of al weighted source

averagesfor all facilities within the entire subcategory.

For facilities with no treatment-in-place, the Agency used raw wastewater concentrationsto represent
current effluent discharge values. EPA cdculated facility averagesusing dl avallable data sources and using
the procedures outlined above. For facilitieswith no treatment-in-place and with either no influent data or
incompleteinfluent data, the Agency used the subcategory median raw wastewater concentration (see
Section 6.3.3 for detailson devel oping the M edian Raw Wastewater Concentration File) to represent the

current discharge for each pollutant of interest.



For the Hazardous subcategory and for Subtitle D non-municipal solid waste facilities in the Non-
Hazardous subcategory, therewereinsufficient effluent datato cal cul ate arepresentative trestment-in-place
or subcategory treated effluent average concentration result for severa pollutants of interest. Thedternate
methodol ogies devel oped to cal cul ate representative current discharge concentration valuesfor both the
Hazardous subcategory and for Subtitle D non-municipal facilitiesin the Non-Hazardous subcategory are
discussed below.

74.1.1 Alternate Methodology for Non-Hazardous Subcategory: Subtitle D Non-
Municipal

For Subtitle D non-municipal solid waste facilitiesin the Non-Hazardous subcategory, EPA used the

effluent data from municipa solid waste landfillsto supplement insufficient non-municipal data. EPA

concluded this was appropriate in the circumstances because of the similarities in the median raw

wastewater concentrationsfrom Subtitle D municipa and non-municipal facilities. Table 6-7 in Chapter

6 presents the Subtitle D municipal and non-municipal median raw wastewater concentration data.

EPA employed thefollowing procedureto cal cul ate current discharge concentrationsfor Subtitle D non-
municipd solidwagtefadilities. Frst, EPA used dl avalable non-municipd landfill effluent data Next, EPA
placed non-municipal facilitiesin municipal facility treatment-in-place groups according to treatment
employed on site. Then, EPA used municipal landfills treatment-in-place treated effluent average

concentrations for each non-municipal facility with insufficient data.

74.1.2 Alternate Methodology for the Hazar dous Subcategory

EPA estimated current discharge concentrationsfor thefacilitiesin the Hazardous subcategory using the
long-term averages devel oped for the subcategory (see Chapter 11: Development of Effluent Limitations
and Standards). EPA’ sdatacollection effortsdid not identify any direct discharging hazardouslandfills,
and EPA obtained detailed information from only threeindirect discharging landfills. Therefore, the Agency

model ed the current discharge concentrationson the small number of indirect discharging facilitiesinthe
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EPA database as afunction of the expected discharge concentrations after treatment using the long-term
averages. EPA used industry-provided effluent data whenever available.

The Agency developed an approach based upon the installed treatment system at the facility. EPA
estimated the current discharge concentration astwicethelong-term average (LTA) for afacility without
any biological or chemical treatment-in-place. The modeling approach used to develop the current
discharge concentration (CDC) for theindirect dischargersin the Hazardous subcategory is presented
below.

QID Treatment-In-Place Modeling Scheme
16017 Separation and neutralization 2XLTA™
16041 Sequencing batch reactors LTA

16087 Equalization, chemical precipitation, primary sedimentation, | LTA
activated sludge, and secondary sedimentation

For facility 16017, the current discharge concentration value was based upon afunction of the LTA™,
The LTA™ isthe median of the long-term averages in the Hazardous subcategory. The long-term
averages used inthis subcategory arefrom BAT facilities 16041 and 16087. Therefore, the corresponding

long-term averages were used for both of these BAT facilities.

7.4.2 Development of Pollutant Mass L oadings

Using the current discharge concentrations discussed above, EPA generated mass loading estimates for
each pollutant of interest at each facility by multiplying the current discharge concentration vaue by the
facility’ saveragedaily dischargeflow rate. Thisresulted in massloadings, reported in pounds per day, for
eech facility inthe database. EPA cd culated mass|oadingsto determine the amount of pollution discharged
directly or indirectly to surfacewatersby landfill facilitiesand to estimate the amount of pollutant reduction
after implementation of each regulatory technology option. Summaries of pollutant mass|oadings for the
selected regulatory options are presented in Chapter 11.



7.5 Assessment of Pollutants of | nterest

Asindicated above, EPA devel oped extensivelists of pollutantsof interest for thisindustry. EPA used the
full ligt of pollutants of interest to develop pollutant loadings and pollutant reductions as aresult of treetment.
However, the Agency only selected certain pollutants for regul ation, since specific regulation of every

pollutant is not always the most cost-effective approach to devel oping effluent limitations guidelines.

Thetreatment technol ogies eval uated asthe basis of the regulation remove classes of compoundswith
similar treatability characteristics. Severa of the pollutantsof interest in the Landfillsindustry aresimilar
intermsof their chemical structure and treatability. Asaresult, theregulation of aset of pollutantswithin
achemica classensuresthat the treatment technol ogieswill provide adequate control of other pollutants

of interest within that class of compounds.

Based uponthisanaysis, EPA decided not to regul ate certain pol lutants of interest in the Non-Hazardous
and Hazardous subcategories because their removals are represented adequately by another regulated
pollutant, as discussed in the sectionsbelow. Inaddition, the Agency did not select severd other pollutants
of interest for regulation because EPA found these pollutants a concentrationsbelow treatablelevelsinthe
Landfillsindustry. EPA also did not select pollutantsfor regulation if the Agency determined that these
pollutants were found at only trace amountsin theindustry, and therefore were not likely to cause toxic
effects. The Agency aso excluded severd pollutants of interest from regulation because the selected BPT

treatment technology would not remove these pollutants.

7.6 Selection of Pollutants To Be Regulated for Direct Dischargers

Based upon the data andyses outlined above, EPA developed alist of pollutantsto be regulated for the
Hazardous and Non-Hazardous subcategories. Figure 7-2 presents a diagram that illustrates the
proceduresused to sdlect theregulated pollutants. EPA isnot establishing effluent limitationsand standards
for all conventiond, toxic, and nonconventional pollutants. Theremay be pollutants present in aspecific

landfill or typeof landfill for which EPA did not establish limitations under thisguiddine but which may be
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of concern to areceiving stream or POTW. Due to the specific nature of landfill waste at various Sites,
permit writers and local authorities may need to consider case-by-case limitations or standards for these
pollutants. EPA’ sregulationsrequirethe permit writer or loca authority toincludetechnology-based limits
for any toxic pollutant which isor may bedischarged a alevel greater than thelevel which can beachieved
by trestment requirements appropriate to the permittee or which may passthrough or interferewith POTW
operations. (40 CFR § 122.44(e), 125.3. Seealso 40 CFR § 403.5(c) which requires the establishment
of local limitsin a POTW pretreatment program for any pollutant which may cause pass through or
interference). Thefollowing sectionsdiscuss EPA’ sreasonsfor not establishing effluent limitationsfor

selected pollutants.

7.6.1 Non-Hazar dous Subcategory Pollutantsto be Regulated for Direct Dischargers

EPA developed thelist of pollutantsto be regulated for the Non-Hazardous subcategory from the pollutants
of interest ligt for the Non-Hazardous subcategory. The non-hazardous pollutants of interest list combines
the pollutants of interest from Subtitle D municipa and non-municipa solid wastefacilitiesfor atotal of 32
pollutants of interest. The BPT/BAT facilities selected by EPA demonstrate removal of the regul ated
pollutants. Thesefacilitiesemployed equalization, biological trestment, and for some, multimediafiltration.
Initidly, EPA considered regulating dl 32 pollutants of interest. After athorough andysis, EPA, however,
chose not to set limitations for 24 pollutants of interest under BPT/BAT/NSPS for one of the following

reasons.
. The pollutant (or pollutant parameter) is controlled through the regul ation of other pollutants (or
pollutant parameters).

. The pollutant (or pollutant parameter) is present in only trace amountsin the subcategory and/or
isnot likely to cause toxic effects.

C The pollutant (or pollutant parameter) is not controlled by the selected BPT technology.



Thefollowing seven Non-Hazardous subcategory pollutants of interest are pollutantsthat are controlled
through the regulation of other pollutants:

Seven Pollutants Not Selected for Regulation in the Non-Hazardous Subcategory Because They Are
Controlled Through the Regulation of Other Pollutants

COD

TOC

Total Phenols

Hexanoic Acid

O-Cresol

Tripropyleneglycol Methyl Ether
Titanium

COD isan dternative method of estimating the oxygen demand of the wastewater. However, EPA
selected BOD; for regulation becauseit is more appropriately controlled by abiologicd trestment system.
TOC measuresall oxidizable organic material in awaste stream, including the organic chemicals not
oxidized (and, therefore, not detected) in BOD, and COD tests. TOC isarapid test for estimating the totd
organic carbon in awaste stream. For reasonssimilar to those used for not selecting COD for regulation,
EPA did not select TOC for regulation. Tota phenolsisageneral wet chemistry indicator measurement
for phenolic compounds. Regulation of phenol will control other phenolic compounds. Similarly, hexanoic
acidisreativey biodegradable and should be controlled by regulating benzoic acid. O-cresol isstructurdly
similar to p-cresol and should be controlled by regulating p-cresol. Tripropyleneglycol methyl ether has
treetability characteriics smilar to aphaterpineol in abiologica trestment system and should be controlled
by regulating alphaterpineol. EPA determined that titanium will be removed incidentally by biologica
treatment in the same manner aszinc, through sorption into the biomass. Therefore, titanium should be

controlled by regulating zinc.

Inthe proposal, EPA chose not to regul ate 2-butanone, 2-propanone, and 4-methyl-2-pentanone because
they werecontrolled through the regulation of toluene. After proposa EPA decided not to regulate toluene.

The reasons these pollutants were not selected for regulation in the final rule are discussed below.

7-9



Thefollowing thirteen Non-Hazardous subcategory pollutants of interest are present inonly trace amounts

and/or are not likely to cause toxic effects:

Thirteen Pollutants Not Selected for Regulation in the Non-Hazardous Subcategory Because They
Are Present in Only Trace Amounts and/or Are Not Likely to Cause Toxic Effects

Nitrate/Nitrite

TDS

1,4-Dioxane
4-Methyl-2-Pentanone
Methylene Chloride
N,N-Dimethylformamide
Toluene

Barium

Chromium
Dichloroprop
Disulfoton
1,2,3,4,6,7,8-HpCDD
OCDD

EPA presents the Non-Hazardous subcategory median raw wastewater concentration data for the
pollutants of interest in Chapter 6, Table 6-9, and the minimum and maximum concentrations for
conventional and nonconventiona pollutants, meta's, organic pollutants, and dioxing/furansin Tables6-11
through 6-14.

For thisindustry, nitrate/nitriteisused primarily asameasure of the extent of nitrification that occursduring
the biodegradation process. Typically, levelsof nitrate/nitritefound in landfill wastewater do not require
removal. Removal of nitrate/nitrite can be obtained by specidly designed biological treatment systems
(such asnitrification/denitrification systems) that are able to compl ete the conversion of nitrate/nitriteto
nitrogen gas. Often, removal of nitrate/nitriteisrequired to address specific water quaity concernsfor an
individua receiving water (i.e., nutrient problemsin the Greet Lakes). EPA has determined thet the levels
of nitrate/nitrite in landfill wastewater do not justify regulation on anationa level and individua permit

writers can address specific water quality considerations.
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TDSisused primarily asawater quality measurement and not as apollutant that can be controlled through
biologica treatment. It often isused asameasurement of the salinity of an ambient water or awastewater
and often indicatesthe presence of naturaly occurring satsof metalssuch as sodium, iron, and magnesium.
Whileit caninhibit biological treatment processesat level sabove 10,000 mg/L, acclimated biological
treatment systems can operate successfully with influent TDS concentrations as high as 76,000 mg/L
(reference 55). The median concentration of total dissolved solidsin the Non-Hazardous subcategory was
only 4,850 mg/L for non-municipa solid wastelandfillsand 2,890 mg/L for municipa solidwastelandfills.
Therefore, EPA hasdetermined that concentrationsof total dissolved solidsfoundin landfillsintheNon-
Hazardous subcategory do not justify regulation. EPA’s sampling data showed levels of n,n-
dimethylformamideinlandfill wasteweter generdly near the andytica detection limit (median concentration
for non-hazardous municipal solid waste landfillswas 10 ug/L) and, because of thislow concentration

throughout the subcategory, regulation was not warranted.

EPA classifiesfour pollutants, 1,4-dioxane, 4-methyl-2-pentanone, methylenechloride, and tolueneas
“volatile organics’ under analytical test method 1624. In the proposed rule, EPA established direct
dischargelimitationsfor toluenefor landfillsin theNon-Hazardous subcategory. However, after proposd,
EPA decided not to regulate toluene because it is not treated by the biological treatment technol ogy
sdected asthe bassfor the landfills effluent limitations. Furthermore, based on the concentration of toluene
in untreated municipal leachate (108 ug/L), the Agency concluded that the loading of toluene to the

atmosphere will not cause toxic effects.

While EPA acknowledgesthat a small portion of the removal of these pollutantsis due to biological
degradation, these pollutants are highly volatile and the primary mechanism for their removal from
wastewater is through volatilization to the atmosphere. EPA based these fina regulations on the
performanceof anaerated biologicd system. Wastewater aeration may increasethevoldtilization of certain
organic compounds, apotentia environmental concern. While EPA does not recognizethetransfer of

pollutantsfrom one mediato another as effective trestment, based on the concentrations of these pollutants
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in untreated wastewater (below treatable levels (10 timesthe method detection limit)), indications are that

the potential increasein air emissions due to this regulation will be minimal.

Volatile organic compound (VOC) levelsin historic landfill leachate (from both hazardous and non-
hazardous waste |andfills dating from the 1930s to the mid-1990s) are o at levelswhich arelow enough
as not to call into question EPA’s determination to base these rules on the performance of aerated
biological systems. Tables 6-9, 6-10, and 6-13 show the concentrations of VOCs found in landfill

wastewater.

Furthermore, EPA’ s Officeof Air and Radiation iscurrently evauating the air emissonsfrom wastewater
generated at municipa solidwastelandfills, and intendsto takethelandfillseffluent limitationsguiddinesinto
account in determining whether further controls under Section 112 of the Clean Air Act (which requires
technol ogy-based standards for hazardous air pollutants emitted by major sources of emissions of those
pollutants) arejudtified. (Preliminary indicationsarethat hazardousair pollutant emissonsfrom aeration

would be aminor fraction of those from other landfill emission sources such aslandfill gas emissions.)

EPA’ s sampling detected two metal s, barium and chromium, below treatable levels at non-hazardous
landfillsin the EPA database. The median raw wastewater concentrations of barium and chromium found
at municipd landfillsis0.48 mg/L and 0.03 mg/L, respectively, lessthan 5timesthemethod detection limit.
EPA isexcluding these two metas from regulation because, at the concentrations found at non-hazardous

landfills, these pollutants are not likely to cause toxic effects.

EPA found low levelsof dichloroprop, disulfoton, 1,2,3,4,6,7,8-HpCDD, and OCDD in raw wastewater
a severd Non-Hazardous subcategory landfills. At the concentrationsfound, EPA expectsthese pollutants
to partition to the biologica dudge created asaresult of theuse of the BPT/BAT treatment technologies.
EPA sampling dataand cal cul ations conclude that the concentrations of these pollutants present inthe

wastewater will not prevent the sludge from being redeposited in a non-hazardous landfill.
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Thefollowing four pollutants were not selected for regulation in the Non-Hazardous subcategory because
they are not controlled by the selected BPT/BAT technology:

Four Pollutants Not Selected for Regulation in the Non-Hazardous Subcategory Because They Are
Not Controlled by the Selected BPT/BAT Technology

2-Butanone
2-Propanone
Hexavalent Chromium
Strontium

EPA classifies 2-butanone and 2-propanone as “volatile organics’ under analytical test method 1624.
Becausetheselected BPT/BAT technol ogy for the Non-Hazardous subcategory isaerated equalization
followed by biological treatment and then multimediafiltration, EPA determined that the mgjority of the
removal of volatile organic compoundsis due to volatilization to the atmosphere in either the aerated
equdization tanks or in the activated dudge aeration basn. Therefore, EPA did not regulate volatile organic
pollutants because the BPT/BAT technology doesnot provide controlsfor the removal of these pollutants.

EPA detected hexava ent chromium and strontium in wastewater at the facilities selected asthe basisfor
BPT/BAT/NSPS, but EPA did not haveadequateremova dataat theBPT/BAT/NSPSfacilitiesemploying
biologica treatment and, therefore, these pollutants could not beregulated. For both pollutants, EPA had
remova datafrom one BPT/BAT facility. Inboth cases, the BPT facilities demonstrated negative percent
removals of these pollutants. In addition to the lack of adequate data, EPA determined that for this
subcategory, these metalsare not present in concentrationsthat arelikely to causetoxic effects. Therefore,

these two metals were excluded from regulation in the Non-Hazardous subcategory.

In conclusion, thefollowing eight pollutants of interest are regulated under BPT/BAT/NSPSinthe Non-
Hazardous subcategory:
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Eight Pollutants Selected for Regulation in the Non-Hazardous Subcategory

Ammonia as Nitrogen
BOD,

TSS

Alpha Terpineol
Benzoic Acid
P-Cresol

Phenol

Zinc

The Agency wishesto notethat zinc was selected for regulation in spite of thefact that exclusion criteria
used to diminate other pollutants of interest gpply, at least partidly. Zinc has been sdlected for regulation
inspiteof itsrelatively low untreated wastewater concentration. The median concentration of zincfound
inraw wastewater at municipa solid wastelandfillsand a non-municipa solid wastelandfillsis0.10 mg/L
and 0.09 mg/L, respectively. EPA sdected zinc for regulation because EPA observed incidental removas
ranging from 58 percent to 90 percent at the treatment systems selected for BPT. Additionaly, EPA’s
samplingdid not find raw wastewater concentrationsof zinc a level sthat wouldinhibit biological trestment

systems (see Chapter 11, Section 11.2.1).

Chapter 11 describesin detail the development of the effluent limitations for each of these pollutants.

7.6.2 Hazar dous Subcategory Pollutantsto be Regulated for Direct Dischargers

EPA devel oped thelist of pollutantsto be regulated for the Hazardous subcategory from the Hazardous
subcategory pollutants of interest list. Thetwo BPT/BAT facilities sdlected by EPA demonstrate remova
of theregulated pollutantsthrough theuse of chemica precipitation and biologica treatment. Initidly, EPA
consdered regulating al 63 pollutants of interest; EPA chose, however, not to set limitations for 50
pollutants of interest under BPT/BAT/NSPS for one of the following reasons:

. The pollutant (or pollutant parameter) is controlled through the regul ation of other pollutants (or
pollutant parameters).
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. The pollutant (or pollutant parameter) is present in only trace amountsin the subcategory and/or
isnot likely to cause toxic effects.

C The pollutant (or pollutant parameter) is not controlled by the selected BPT technology.

Asdiscussedin Chapter 6, after proposal, EPA analyzed the raw wastewater characterization datafor
hazardous|andfillswithout CERCLA ground water data. Asaresult, raw wastewater concentrationsfor
severa pollutants of interest have changed since proposal and, therefore, in some cases, EPA’ s reasons

for not selecting these pollutants for regulation aso have changed.

EPA did not select the following thirteen Hazardous subcategory pollutants of interest for regulation

because they are controlled through the regulation of other pollutants:

Thirteen Pollutants Not Selected for Regulation in the Hazardous Subcategory Because They Are
Controlled Through the Regulation of Other Pollutants

COD

TOC

Total Phenols
2,4-Dimethylphenol
Benzyl Alcohol
Diethyl Ether

| sobutyl Alcohol
Hexanoic Acid
O-Cresol
Tripropyleneglycol Methyl Ether
Molybdenum
Nickel

Strontium

COD isan dternative method of estimating the oxygen demand of the wastewater. EPA, however,
selected BOD, for regulation becauseit is more appropriately controlled by abiologica treatment system.
TOC measuresall oxidizable organic material in awaste stream, including the organic chemicals not

oxidized (and, therefore, not detected) in BOD, and COD tests. TOC isarapid test for estimating the tota
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organic carbonin awaste stream. For smilar reasonsto therationalefor not selecting COD for regulation,

EPA did not select TOC for regulation.

While present in treatable concentrations, EPA did not have adequate removal datafor molybdenum,
nickel, and strontium at the Hazardous subcategory BPT/BAT facilities. However, these metas should be
controlled adequately through the regulation of both chromium and zinc. Total phenolsisageneral, wet
chemistry indicator measurement for phenolic compounds and should be controlled by regulating phenal.
Similarly, 2,4-dimethylphenol haschemica and treatability characteristicssmilar to phenol and, therefore,
should a so be controlled through the regulation of phenol. Hexanoic acid, benzyl acohol, and isobutyl
alcohol arerelatively biodegradable and should be controlled by regulating benzoic acid. O-cresol is
gtructuraly similar to p-cresol and should be controlled by regulating p-cresol. Tripropyleneglycol methyl
ether and diethyl ether havetreatability characteristics smilar to aphaterpineol inabiological treatment
system and should be controlled by regulating a pha terpineol.

In the proposal, EPA chose not to regulate 2-butanone, 2-propanone, 4-methyl-2-pentanone,
ethylbenzene, m-xylene, and o+p xylene because they were controlled through the regul ation of toluene.
After proposal EPA decided not to regulate toluene. The reasons these pollutants were not selected for
regulation in the final rule are discussed below.

EPA did not sdlect thefollowing sixteen pollutants of interest for regulation in the Hazardous subcategory

because they are present in only trace amounts and/or are not likely to cause toxic effects:

Sixteen Pollutants Not Selected for Regulation in the Hazardous Subcategory Because They Are
Present in Only Trace Amounts and/or Are Not Likely to Cause Toxic Effects

Hexane Extractable Material

Nitrate/Nitrite

TDS

2,4-D

2,4-DB
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245-TP

Dicamba
Dichloroprop

MCPA

MCPP

Picloram
Terbutylazine
1,2,3,4,6,7,8-HpCDD
1,2,3,4,6,7,8-HpCDF
OCDD

OCDF

EPA presentsthe Hazardous subcategory median raw wastewater concentration datafor the pollutants of
interest in Chapter 6, Table 6-10, and the minimum and maximum concentrations for conventional and
nonconventiond pollutants, metal's, organic pollutants, and dioxins/furansin Tables6-11 through 6-13, and
Table 6-15.

For thisindustry, nitrate/nitriteisused primarily asameasure of the extent of nitrification that occursduring
the biodegradation process. Typically, levelsof nitrate/nitritefound in landfill wastewater do not require
removal. Remova of nitrate/nitrite can be obtained by specialy designed biological treatment systems
(such asnitrification/denitrification systems) that are able to compl ete the conversion of nitrate/nitriteto
nitrogen gas. Often, removal of nitrate/nitriteisrequired to address specific water quality concernsfor an
individua recelving water (i.e., nutrient problemsinthe Grest Lakes). EPA has, however, determined that
thelevelsof nitrate/nitritein landfill wastewater do not justify regulation on anationd level and individua

permit writers can address specific water quality considerations.

TDSisused primarily asawater quality measurement and not as apollutant that can be controlled through
biologica treatment. It often isused asameasurement of the salinity of an ambient water or awastewater
and often indicatesthe presence of naturaly occurring satsof metalssuch as sodium, iron, and magnesium.

Whileit caninhibit biological trestment processesat level sabove 10,000 mg/L, acclimated biological
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treatment systems can operate successfully with influent TDS concentrations as high as 76,000 mg/L
(reference 55). The median concentration of total dissolved solids was 16,000 mg/L for landfillsin the
Hazardous subcategory. Therefore, EPA hasdetermined that concentrationsof total dissolved solidsfound
inlandfillsinthe Hazardous subcategory do not justify regulation. Similarly, hexane extractablemateria
isageneral, wet chemistry indicator measurement for oil and grease compoundsthat generally can be
controlled through source reduction and good housekeeping. Therefore, EPA did not select hexane

extractable material for regulation.

EPA detected low levelsof 2,4-D, 2,4-DB, 2,4,5-TP, dicamba, dichloroprop, MCPA, MCPP, picloram,
terbutylazine, 1,2,3,4,6,7,8-HpCDD, 1,2,3,4,6,7,8-HpCDF, OCDD, and OCDF in three out of five of
the Hazardous subcategory landfillssampled during EPA’ ssampling program. At the concentrationsfound
inraw landfill wastewater, EPA expectsthese pollutantsto partition to the biological dudge created asa
result of the use of the BPT/BAT treatment technologies. EPA sampling dataand cal culations conclude
that the concentrations of these pollutants present in the untreated wastewater will not prevent the udge

from being redeposited in a hazardous landfill.

EPA did not select thefollowing twenty-one pollutantsfor regul ationin the Hazardous subcategory because
they are not controlled by the selected BPT/BAT technology:

Twenty-One Pollutants Not Selected for Regulation in the Hazardous Subcategory Because They
Are Not Controlled by the Selected BPT/BAT Technology

Amenable Cyanide

Total Cyanide

1,1-Dichloroethane

1,4-Dioxane

2-Butanone

2-Propanone

4-Methyl-2-Pentanone

Benzene

Ethylbenzene
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M-Xylene
Methylene Chloride
O+P Xylene
Toluene
Trans-1,2-Dichloroethene
Trichloroethene
Vinyl Chloride
Copper

Lithium

Selenium

Tin

Titanium

EPA classifies 1,1-dichloroethane, 1,4-dioxane, 2-butanone, 2-propanone, 4-methyl-2-pentanone,
benzene, ethylbenzene, m-xylene, methylene chloride, o+p xylene, toluene, trans-1,2-dichloroethene,
trichloroethene, and vinyl chlorideas* volatileorganics’ under analytica test method 1624. Becausethe
selected BPT/BAT technology for the Hazardous subcategory isaerated equalization followed by chemica
precipitation, biological treatment, and multimediafiltration, EPA determined that the mgjority of the
removal of volatile organic compoundsis due to volatilization to the atmosphere in either the aerated
equdization tanks or in the activated dudge aeration basin. Therefore, EPA did not regulate volatile organic

pollutantsbecausethe BPT/BAT technol ogy doesnot provide controlsfor removal of these pollutants.

While EPA does not recognize the transfer of pollutants from one mediato another as effective trestment,
based on the concentrations of these pollutantsin untreated wastewater (below treatablelevels (10 times
the method detectionlimit)), indicationsarethat the potential increaseinair emissonsdueto thisregulation

will be minimal.
V olatileorganic compounds (V OCs) in hazardous waste landfill |eachate are being steadily minimized due

to the Resource Conservation and Recovery Act (RCRA) land disposal restriction rules, which typically

require aggressive destructive treatment of organicsin hazardous wastes before the waste can be landfilled
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(see40 CFR 268.40 and 268.48). VOC levesin historic landfill leachate (from both hazardous and non-
hazardous waste landfills dating from the 1930s to the mid-1990s) are o at levelswhich arelow enough
as not to call into question EPA’ s determination to base these rules on the performance of aerated
biological systems. Tables 6-9, 6-10, and 6-13 show the concentrations of VOCs found in landfill

wastewater.

For the proposed rule, EPA established direct discharge limitationsfor benzene and toluenefor landfillsin
the Hazardous subcategory. However, after proposal, EPA decided not to regulate benzene and toluene
because they are not treated by the chemical or biological treatment technology selected asthe basisfor
thelandfillseffluent limitations. Furthermore, based on the concentration of benzene (37 ug/L) and toluene
(104 ug/L) in untreated leachate, the Agency concluded that the loading of benzene and tolueneto the

atmosphere will not cause toxic effects.

The Hazardous subcategory median untrested wastewater concentrationsfor copper, lithium, sslenium, tin,
and titanium were well below treatable concentrations (10 times the method detectionlimit). Median
untreated wastewater concentrations ranged from 0.02 mg/L to 0.03 mg/L for selenium, copper, and
titanium, 0.15mg/L for tin, and 0.45 mg/L for lithium. Whilethe metalsareincidentaly removed by the
BPT/BAT technology, theseconcentrationsarewe | bel ow treatabl e concentrationsfor conventionad metas

precipitation technologies.

For totd cyanide, the median untreated wastewater concentration for the Hazardous subcategory is0.08
mg/L, whichiswell below treatable concentrationsfor conventional cyanide destruction technol ogies.
Whilethe median raw wastewater concentration of amenable cyanide at hazardouslandfillsis 1.6 mg/L,

EPA concluded that the median untreated wastewater concentration data for total cyanide is more

1 There are certain exceptions to these treatment requirements for hazardous wastewater which is disposed in surface
impoundments. RCRA section 3005 (j) (11). However, if thiswastewater contains VOCs above a designated
concentration level, then the impoundments are subject to rules requiring control of the resulting air emissions. 40

CFR 264.1085 and 263.1086.
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representative than amenabl e cyanide data of cyanide concentrationsin hazardous|andfill wastewater
becausethe Agency collected datafrom ten facilitieson total cyanide (one of which was non-detect) and

only four facilities (two of which were non-detect) on amenable cyanide.

Based on these factors, the Agency concluded that the five metals plus amenable and total cyanide were
present in untreated landfill wastewater at concentrationsthat weretoo low to betreated effectively by
conventional metalsand cyanide treatment technol ogies (chemical precipitation and chemical oxidation,
respectively). Because EPA’s BPT/BAT technology does not control these small concentrations of

pollutants, the Agency has decided to exclude them from regulation.

In conclusion, the following 13 pollutants of interest will be regulated under BPT/BAT/NSPSin the
Hazardous subcategory:

Thirteen Pollutants Selected for Regulation in the Hazardous Subcategory

Ammonia as Nitrogen
BOD,

TSS

Alpha Terpineol
Aniline
Benzoic Acid
Naphthalene
P-Cresol

Phenol

Pyridine
Arsenic
Chromium

Zinc

Chapter 11 describesin detail the development of the effluent limitations for each of these pollutants.
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1.7 Selection of Pollutantsto be Regulated for Indirect Dischargers

Section 307(b) of the Clean Water Act (CWA) requires the Agency to promulgate pretreatment stlandards
for existing sources (PSES) and new sources (PSNS). To establish pretreatment standards, EPA must
first determinewhether each BAT pollutant under cons deration isnot susceptibleto treatment by aPOTW,
or interferes with the POTW's operation or sludge disposal practices.

7.7.1 Pass-Through Analysisfor Indirect Dischargers

TheAgency evauated whether apollutant issusceptibleto treatment at aPOTW by comparing removals
between direct dischargersand well-operated POTWsfor pollutants of interest for both subcategories,
lisgtedin Tables7-1 and 7-2. In comparing removals, the Agency compares the percentage of apollutant
removed by POTWswith the percentage of the pollutant removed by direct discharging facilities applying
BAT.

EPA comparesremovalsfor two reasons: 1) to ensurethat wastewater treatment performancefor indirect
dischargersis equivaent to that for direct dischargers, and 2) to recognize and take into account the
treatment cgpability and performance of the POTW in regulating the discharge of pollutants from indirect
dischargers. Rather than comparethe mass or concentration of pollutants discharged by the POTW with
the mass or concentration of pollutants discharged by aBAT facility, EPA comparesthe percentage of the
pollutants removed by the BAT treatment system with the POTW removal. EPA takesthis approach
because acomparison of mass or concentration of pollutantsinaPOTW effluent to pollutantsinaBAT
facility's effluent would not take into account the mass of pollutants discharged to the POTW from non-
industria sources, nor thedilution of the pollutantsin the POTW effluent tolower concentrationsfrom the

addition of large amounts of non-industrial wastewater.

To establish the performance of well-operated POTWSs, EPA used the information provided from “ Fate
of Priority Pollutantsin Publicly Owned Treatment Works’ (commonly referred to as the 50-POTW
Study), supplemented by EPA'sNationa Risk Management Research Laboratory's (NRMRL) treatability
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database. EPA used NRMRL'sdatabasefor those pollutants not found in the 50-POTW study. Chapter

4 discusses these studies in detail .

The50-POTW Study presentsdataon 50 well-operated POTWsachieving secondary treatment. For this
rulemaking, EPA edited the datain the 50-POTW Study and the data collected for thisrule. Becausethe
50-POTW Study dataincluded influent levelsthat were close to the detection limit, EPA eliminated these
values, thereby minimizing the possibility that low POTW removals might ssimply reflect low influent
concentrationsinstead of being atruemeasure of treatment effectiveness. EPA applied the following

hierarchal data editing rulesto the 50-POTW Study data:

1 Include only detected pollutants having at least three pairs (influent/effluent) of data points.

2) Eliminate average pollutant influent val ueslessthan 10 timesthe minimum andytica detection limit,
along with the corresponding effluent values.

3) For andyteswhere no average influent concentrations were greater than 10 times the minimum
level?, diminate dl averageinfluent values|ess than five times the minimum level, dong with the
corresponding effluent values;

4) For andyteswhere no averageinfluent concentration was greeter than fivetimesthe minimum leve,
eiminatedl averageinfluent concentrations|essthan 20 ug/L., dong with the corresponding effluent
values.

After editing the database, EPA then cd culated POTW-specific percent removasfor each pollutant based
on itsaverage influent and average effluent values. The POTW percent removal used for each pollutant
inthe pass-through test isthe median value of al the POTW specific percent removalsfor that pollutant.
EPA then compared the median POTW percent removal to the median percent removal for the BAT

option treatment technology to determine pass through.

In applying the data editing rules for the 50-POTW Study for the final rule, the minimum level assigned to the
non-detect values was the minimum level at the time of the 50-POTW Study (circa 1978-1980). For the proposal,
the minimum level assigned to the non-detect values for 50-POTW removals was the Landfills study minimum
levels (circa 1994).
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The 50-POTW Study did not contain data for all pollutants for which the pass-through analysis was
required. Therefore, EPA obtained additional datafrom EPA’sNRMRL Treatability Database. The

database provides the user with the specific source and the industry from which the wastewater was

generated. EPA used the NRMRL database to augment the POTW database for the pollutantsfor which

the 50-POTW Study did not cover. EPA applied the following data editing rules to the datain the

NRMRL database:

1)

2)
3)

4)

5)

6)

Only usetreatment technol ogiesrepresentative of typical POTW secondary treatment operations
(aerobic lagoons, activated sludge, activated sludge with sedimentation and/or filtration).

Only use domestic or industrial wastewater data.
Use pilot-scale and full-scale data; eliminate bench-scale data.

Use datafrom a paper in apeer-reviewed journal or government report; edit out lesser quality
references.

Eliminate zero or negative percent removals.

For each of the NRMRL sources, EPA first selected data having at least three pairs
(influent/effluent) of datapoints. If no datasource contained three pairsof data points, then EPA
selected only those facilities having at least two pairs of datapoints. If none of the data sources
contained two pairsof data points, then EPA sdlected thosewith onepair (influent/effluent) of data
points. EPA applied the paired data editing criteria explained above to the following hierarchy of
NRMRL data sources:

NRMRL Treatability dataat > 10xMDL — Domestic wastewater.
NRMRL Treatability dataat > 5xMDL — Domestic wastewater.

NRMRL Treatability dataat >20 ug/L - Domestic wastewater.

NRMRL Treatability dataat > 10xMDL — Industrial wastewater.
NRMRL Treatability dataat > 5xMDL — Industrial wastewater.

NRMRL Treatability data at >20 ug/L — Industrial wastewater.

NRMRL Treatability data - any available Domestic and/or Industrial data.
Generic pollutant group removal data.

SQ 0 o0 oW

From the NRMRL facilitiesremaining after goplying the above editing criteria, EPA determined the median

percent removal for aparticular pollutant. The Agency used this median percent removal to represent
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POTW remova and compared it to the median percent removal for the BAT option treatment technology

in order to determine pass through.

Tables 7-3 and 7-4 present the POTW percent removals for each regulated pollutant in the Non-
Hazardous and Hazardous subcategory, respectively. These tables indicate the source of the percent
remova and which editing criteria applied.

7.7.2 Non-Hazar dousSubcategory Pollutantsto be Regulated for I ndirect Dischargers

EPA conducted aremova comparison onthe priority and nonconventiond pollutantsregulated under BAT
for non-hazardouslandfills. EPA did not perform thisassessment for the regulated conventiond pollutants,
namely BOD; and TSS, since the conventional pollutants are generally not regulated under PSES and
PSNS. For the proposal, EPA evauated the seven nonconventional and toxic pollutants proposed for
regulation under BAT for the Non-Hazardous subcategory, and concluded that ammoniaremovalswere
greater at the BAT facilities. Following the proposal, EPA reviewed the data used for the BAT percent
removal calculations. In the proposal, EPA calculated the BAT percent removals using datafrom
well-operated biological treatment facilitiesin EPA'sdatabase. However, some of thesefacilitiesdid not
passtheediting criteriafor sdection asaBPT/BAT facility. Intherevised analyss, EPA calculated percent
removalsusing datafrom only those seven facilitiesthat passed the BPT/BAT editing criteria. In addition,
in the proposal, EPA inadvertently failed to use selected BAT facilitiesin the calculation of percent
removalsfor severa pollutants even though the data that met the editing criteriafor the facility were
avalable. Asareault of thisreview, the BAT facility removasfor the analysis have changed for the Non-
Hazardous subcategory sincethe proposa. Findly, after proposal, EPA decided not to set BPT limitsfor

toluene. Therefore, this pollutant is not considered in the analysis, see Section 7.6.1.

In determining BAT percent removals, EPA used data from selected BAT facilitiesonly if they met the

following criteria:
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1) The influent concentration for a particular pollutant was greater than 10xMDL,

2) Thefacility had demonstrated removal of the pollutant (EPA did not usefacilities showing zero or
negative percent removal), and

3) Thefacility did not employ treatment technologies in addition to the selected BAT that may
contribute to further reduction of the pollutant.

Applying the editing criteriaoutlined aboveto those facilities selected as BAT resulted in adifferent set of
facilitiesbeing used inthe ca culation of the percent removalsthanin proposa for each of the pollutantsto
beregulated. Table 7-5 liststhe BAT facilities used in the calculation of percent removalsfor the non-
hazardous regul ated pollutants.

The Agency used EPA sampling episode data, Detailed Questionnaire Section C data and Detailed
Monitoring Questionnairedatato cal culatethe non-hazardous BAT facility percent removas. However,
if a particular facility had applicable Detailed Questionnaire Section C and Detailed Monitoring
Questionnaire data, EPA used only the Detailed Monitoring Questionnaire datain calculating the BAT
percent removals because of a potential overlap of the concentration data submitted for these two
questionnaires. EPA used only datawith matching influent and effluent datapoints. The Agency cdculaed
apercent removal for each data source, and then determined an overall median percent remova for each
regulated pollutant. Table 7-5 presentsthe summary of BAT performance dataused in calculating the
percent removals for the Non-Hazardous subcategory. Table 7-6 presents the results of the removal
comparison for the Non-Hazardous subcategory. Thistableshowsthemedian BAT percent removal and
the median POTW percent removal. Although the remova comparison suggests that, at the time of
proposa, only ammoniawould pass through, as aresult of further review of the applicable data contained
inthe Public Record, the comparison for thefina rule suggeststhat three other pollutants (benzoic acid,
p-cresol, and phenol) would passthrough in the Non-Hazardous subcategory. However, for the reasons
discussedin Chapter 11, EPA isnot establishing pretreatment limitsfor any pollutant inthe Non-Hazardous
subcategory becauseit concluded the pollutants which might passthrough were, in fact, in most cases

susceptible to treatment and that national regulation was not required.
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7.7.3 Hazar dous Subcategory Pollutantsto be Regulated for Indirect Dischargers

EPA conducted remova comparisonsfor the priority and nonconventiond pollutantsregulated under BAT
for hazardouslandfills. EPA did not performtheanayssfor theregulated conventiond pollutants, namely
BOD, and TSS, sincethe conventiona pollutants are generdly not regulated under PSES and PSNS. For
theproposal, EPA performed the analysison the thirteen nonconventional and toxic pollutants proposed
for regulation under BAT for the Hazardous subcategory and determined that seven pollutants appeared
to passthrough. EPA proposed pretreatment standards for the following six of these pollutants: ammonia
as nitrogen, benzoic acid, toluene, dphaterpineol, p-cresol, and aniline. For the proposed rule, EPA usd
both of the BAT facilitiesin the calculation of percent removals. However, upon review of the dataediting
procedures, EPA determined that some of the facility data should not have been used in the caculation of
percent removals. Asaresult of thisreview, theBAT facility removalsfor theremova comparison have
changed for the Hazardous subcategory since the proposal. Finaly, after proposal, EPA decided not to
set BPT limitsfor toluene and benzene; therefore, these pollutants are not considered in the comparison

(see Section 7.6.2).

In determining BAT percent removals, EPA used data from selected BAT facilitiesonly if they met the

following criteria:

1 The influent concentration for a particular pollutant was greater than 10xMDL,

2) Thefacility had demonstrated removal of the pollutant (EPA did not usefacilities showing zero or
negative percent removal), and

3) Thefacility did not employ treatment technologies in addition to the selected BAT that may
contribute to further reduction of the pollutant.

Applying the editing criteriaoutlined aboveto those facilities selected as BAT resulted in adifferent set of
facilities being used in the calculation of the percent removals for each of the pollutants to be regul ated.
Table7-7 liststhe BAT facilitiesused in the cal culation of percent removalsfor the hazardous regul ated

pollutants.
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The Agency used EPA sampling episode data Detailed Questionnaire Section C data and Detailed
Monitoring Questionnaire datato ca culate the hazardous BAT facility percent removals. However, if a
particular facility had gpplicable Detailed Questionnaire Section C and Detailed Monitoring Questionnaire
data, EPA used only the Detailed Monitoring Questionnaire datain calculating the BAT percent removas
because of apotentia overlap of the concentration data submitted for these two questionnaires. EPA used
only datawith matching influent and effluent datapoints. The Agency cdculated apercent remova for each
datasource, and then determined an overal median percent remova for each regulated pollutant. Table
7-7 presents the summary of BAT performance data used in cal culating the percent removals for the
Hazardous subcategory. Table 7-8 presents the results of the removal comparison for the Hazardous
subcategory. Thistable showsthemedian BAT percent remova and the median POTW percent removal.
At thetime of proposal, the removal comparison suggested better removals at BAT facilities than at
POTWs for seven pollutants (ammonia, a phaterpineol, aniline, benzoic acid, p-cresol, phenol, and
toluene). Asaresult of EPA’s assessment, the comparison now suggests greater BAT removalsfor the
following eight pollutants: ammonia, aphaterpineol, aniline, benzoic acid, naphthalene, p-cresol, phenal,
and pyridine. However, for the reasons discussed in Chapter 11, EPA isnot establishing pretreatment

limits for any pollutant in the Hazardous subcategory.
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Table 7-1:

Non-Hazardous Subcategory Pollutants of Interest

Non-Hazardous Cas# Subtitle D Municipa Subtitle D Non-Municipal
Pollutant of Interest Pollutant of Interest Pollutant of Interest
Conventional
BOD C-002 X X
TSS C-009 X X
Nonconventional
Ammoniaas Nitrogen 7664417 X X
COD C-004 X X
Nitrate/Nitrite C-005 X X
TDS C-010 X X
TOC C-012 X X
Total Phenols C-020 X X
Organic
1,4-Dioxane 123911 X
2-Butanone 78933 X
2-Propanone 67641 X
4-Methyl-2-Pentanone 108101 X
Alpha Terpineol 98555 X
Benzoic Acid 65850 X
Hexanoic Acid 142621 X
Methylene Chloride 75092 X
N,N-Dimethylformamide 68122 X
O-Cresol 95487 X
P-Cresol 106445 X
Phenol 108952 X
Toluene 108883 X
Tripropyleneglycol Methyl Ether 20324338 X
Metals
Barium 7440393 X
Chromium 7440473 X
Hexavalent Chromium 18540299 X
Strontium 7440246 X X
Titanium 7440326 X
Zinc 7440666 X
Pesticides/Her bicides
Dichloroprop 120365 X
Disulfoton 298044 X
Dioxins/Furans
1234678-HpCDD 35822469 X
OCDD 3268879 X
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Table 7-2:

Hazardous Subcategory Pollutants of Interest

Pollutant of Interest Cas# Pollutant of Interest Cas#
Conventional Organics (cont.)
BOD C-002 | P-Cresol 106445
Hexane Extractable Material C-036 | Toluene 108883
TSS C-009 | Trans-1,2-Dichloroethene 156605
Nonconventional Trichloroethene 79016
Amenable Cyanide C-025 [ Tripropyleneglycol Methyl Ether 20324338
Ammoniaas Nitrogen 7664417 [ Vinyl Chloride 75014
COD C-004 | Metals
Nitrate/Nitrite C-005 [ Arsenic 7440382
TDS C-010 | Chromium 7440473
TOC C-012 | Copper 7440508
Total Phenols C-020 | Lithium 7439932
Organics Molybdenum 7439987
1,1-Dichloroethane 75343 | Nickel 7440020
1,4-Dioxane 123911 | Selenium 7782492
2,4-Dimethylphenol 105679 | Strontium 7440246
2-Butanone 78933 [ Tin 7440315
2-Propanone 67641 | Titanium 7440326
4-Methyl-2-Pentanone 108101 | Total Cyanide 57125
Alpha Terpineol 98555 | Zinc 7440666
Aniline 62533 | Pesticides/Her bicides
Benzene 71432 (2,4,5-TP 93721
Benzoic Acid 65850 | 2,4-D 94757
Benzyl Alcohol 100516 | 2,4-DB 94826
Diethyl Ether 60297 | Dicamba 1918009
Ethylbenzene 100414 | Dichloroprop 120365
Hexanoic Acid 142621 | MCPA 94746
Isobutyl Alcohol 78831 | MCPP 7085190
Methylene Chloride 75092 | Picloram 1918021
M-Xylene 108383 | Terbuthylazine 5915413
Naphthalene 91203 | Dioxing/Furans
O+P Xylene 136777612 | 1234678-HpCDD 35822469
O-Cresol 95487 | 1234678-HpCDF 67562394
Phenol 108952 | OCDD 3268879
Pyridine 110861 | OCDF 39001020
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Table 7-3: Non-Hazardous Subcategory - POTW Percent Removals

MDL Median
Pollutant (ugl) % Removad POTW Percent Removal Source

Ammoniaas Nitrogen 10 39 50 POTW 10xMDL
Alpha-Terpineol 10 95 NRMRL 10xMDL - Industrial
Benzoic Acid 50 81 NRMRL 10xMDL - Industrial
P-Cresol 10 68 NRMRL 10xMDL - Domestic & Industrial Sources
Phenol 10 95 50 POTW 10xMDL
Zinc 20 81 50 POTW 10xMDL

Table 7-4: Hazardous Subcategory - POTW Percent Removals

MDL Median
Pollutant (uglL) % Remova POTW Percent Removal Source

Ammoniaas Nitrogen 10 39 50 POTW 10xMDL
Alpha-Terpineol 10 95 NRMRL 10xMDL - Industria
Aniline 10 98 NRMRL 10xMDL - Industrial
Benzoic Acid 50 81 NRMRL 10xMDL - Industria
Napthalene 10 95 50 POTW 10xMDL
Phenol 10 %5 50 POTW 10xMDL
Pyridine 10 %5 NRMRL 10xMDL - Industrial
P-Cresol 10 75 NRMRL 10xMDL - Domestic & Industrial Sources
Arsenic 10 66 50 POTW >20 ppb
Chromium 10 82 50 POTW 10xMDL
Zinc 20 81 50 POTW 10xMDL
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Table 7-5:

Non-Hazardous Subcategory - BAT Performance Data

Pollutants of I nterest Facility Avg Inf Avg Eff % Removal
/Episode

Ammonia 16041 (DMQ) 679 5.39 99.21
16041 (ANL) 475 1.4 99.71
16122 (ANL) 181 1.14 99.37
16132 (DMQ) 206 5.9 97.14

99.29 Median
AlphaTerpineol 16041 (ANL) 653 10 98.47
16122 (ANL) 123 10 91.87

95.17 Median
Benzoic Acid 16041 (ANL) 15400 50 99.68
16122 (ANL) 9300 50 99.46

99.57 Median

P-Cresol 16041 (ANL) 1360 10 99.26 Median
Phenol 16041 (ANL) 5120 10 99.80
16118 (DET) 350 10 97.14
16122 (ANL) 395 10 97.47

97.47 Median
Zinc 16041 (DMQ) 505 214 57.62
16041 (ANL) 310 87 71.94
16132 (DMQ) 490 50 89.80

71.94 Median

All unitsin ug/L, excegpt ammoniain mg/L.
DMQ: Detailed Monitoring Questionnaire data
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Table 7-6: Pass-Through Analysis for the Non-Hazardous Subcategory

Pollutant Average BAT Average POTW Percent
Percent Removal Removal
Ammonia 99% 39%
Alpha Terpineol 95% 95%
Benzoic Acid 99% 81%
P-Cresol 99% 68%
Phenol 97% 95%
Zinc 72% 81%
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Table 7-7. Hazardous Subcategory - BAT Performance Data

Pollutants of I nterest Facility Avg Inf Avg Eff % Removal
/Episode
Ammonia 16041 (DMQ) 679 5.39 99.21
16041 (ANL) 475 1.4 99.71
16122 (ANL) 181 1.14 99.37
16132 (DMQ) 206 5.9 97.14
99.29 Median
Alpha-Terpineol 16041 (ANL) 653 10 98.47 Median
Aniline 16041 (ANL) 1060 10 99.06
16087 (ANL) 533 10 98.12
98.59 Median
Benzoic Acid 16041 (ANL) 15400 50 99.68
16087 (ANL) 64957 50 99.92
99.80 Median
Naphthalene 16041 (ANL) 645 10 98.45 Median
P-Cresol 16041 (ANL) 1360 10 99.26
16087 (ANL) 5022 10 99.80
99.53 Median
Phenol 16041 (ANL) 5120 10 99.80
16087 (DET) 98500 814 99.17
16087 (ANL) 65417 31 99.95
99.80 Median
Pyridine 16087 (ANL) 301 10 96.68 Median
Arsenic 16087 (DMQ) 1400 325 76.79
16087 (ANL) 584 308 47.26
62.02 Median
Chromium 16041 (DET) 210 120 42.86
16087 (DMQ) 730 312 57.26
16087 (ANL) 415 82 80.24
57.26 Median
Zinc 16041 (DMQ) 505 214 57.62
16041 (ANL) 310 87 71.94
16087 (DM Q) 550 380 30.91
57.62 Median
All unitsin ug/L, except ammoniain mg/L. ANL: EPA sampling episode data
DMQ: Detailed Monitoring Questionnaire data DET: Detailed Questionnaire data
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Table 7-8: Pass-Through Analysis for the Hazardous Subcategory

Pollutant Average BAT Average POTW Percent
Percent Removal Removal
Ammonia 99% 39%
Alpha Terpineol 98% 95%
Aniline 99% 98%
Benzoic Acid 99% 81%
Naphthalene 98% 95%
P-Cresol 99% 68%
Phenol 99% 95%
Pyridine 97% 95%
Arsenic 62% 66%
Chromium 57% 82%
Zinc 58% 81%
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Figure 7-1: Development of Pollutants of Interest
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Figure 7-2: Selection of

Remaining pollutants considered
pollutants of interest:
Non-Hazardous Municipal-32
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Hazardous-63

From Figure!
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Yes

Will the pollutant be
controlled through the regulation
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Pollutants removed from consideration because they were
controlled through the regulation of other pollutants:

Non-Hazardous-COD, TOC, total phenols, hexanoic acid,
o-cresol, tripropyleneglycol methyl ether, titanium
Hazardous-COD, TOC, total phenols, 2,4-dimethylphenol,
benzyl alcohol, diethyl ether, isobutyl alcohol, hexanoic acid,
o-cresol, tripropyleneglycol methyl ether, molybdenum, nickel,
strontium

No

Is the pollutant present in only
trace amounts and /or is not likely
to cause toxic effects?
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b

Pollutants removed from consideration because they were
present in only trace amounts and/or were not likely
to cause toxic effects:

Non-Hazardous-nitrate/nitrite, TDS, 1,4-dioxane, 4-methyl-2-
pentanone, methylene chloride, n,n-dimethylformamide, toluene,
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OCDD, OCDF
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Pollutants removed from consideration because they were not
controlled by the selected BPT technology:
Non-Hazardous-2-butanone, 2-propanone, hexavalent chromium,

strontium

Hazardous-amenable cyanide, total cyanide, 1,1-dichloroethane,
1,4-dioxane, 2-butanone, 2-propanone, 4-methyl-2-pentanone,
benzene, ethylbenzene, m-xylene, methylene chloride, o+p
xylene, toluene, trans-1,2-dichloroethene, trichloroethene, vinyl
chloride, copper, lithium, selenium, tin, titanium

Hazardous-ammonia as nitrogen, BOD, TSS, alpha-
terpineol, aniline, benzoic acid, naphthalene, p-cresol,
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8.0 WASTEWATER TREATMENT TECHNOLOGY DESCRIPTION

Thischapter consistsof thefollowing two main parts: Section 8.1, describing thewastewater treatment and
dudge handling methods currently in usein the Landfillsindustry and Section 8.2, presenting adiscussion
on the performance of treatment systems evaluated by EPA using data collected during engineering Ste

visits and field sampling programs.

8.1 Available BAT and PSES Technologies

The Landfillsindustry uses awide variety of technologies for treating wastewater discharges. These

technologies can be classified into the following five areas:

Section
C Best Management Practices 8.11
C Physical/Chemica Treatment 8.1.2
C Biological Treatment 8.1.3
C Sludge Handling 8.14
C Zero Discharge options 8.1.5

The EPA's Detailed Questionnaire obtained information on 14 treatment technologies currently in usein
the Landfillsindustry. Table 8-1 presents the technologies most commonly used by in-scope Subtitle D
non-hazardous and Subtitle C hazardouslandfill facilitiesby dischargetype. Thetable reportsthe percent
of landfill facilitieswhich use each treatment technology. In addition, EPA collected detailed information
on avail able technol ogies from engineering Site viststo anumber of landfill facilities. The data presented

below are based on these data collection efforts.

8.11 Best Management Practices

Best management practiceswith regard to wastewater generation at landfills can bedesigned to do one of
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two things: reduce the volume of |eachate produced by the landfill or reduce the toxicity of the leachate
produced by thelandfill. Thevolume of leachate generated by alandfill islargely dependent on the annua
precipitation that fals within the landfill area, percolates through the landfilled waste, and collectsin the
leachate collection system. State and Resource Conservation and Recovery Act (RCRA) regulations
require closed landfillsto ingtall an impermeable cap over the landfill to prevent infiltration of rainwater,
whichwill eventualy reducethe volume of wastewater produced by the landfill. Open landfills, however,
can smilarly use methods to reduce rainwater infiltration to the landfill and, hence, reduce wastewater
generation. Theopenfaceof thelandfill istheactive areawhere solid waste is deposited, compacted, and
covered with dally fill. Thisareacan act asacollection point for rainwater. By maintaining asmal open
face on the landfill, dong with using impermesble materids on the closed or inactive sections, a landfill

operator can reduce the volume of wastewater collected and produced by an open landfill.

The criteriaoutlined by the Office of Solid Waste and Emergency Responsein 40 CFR § 257, 258, 264,
and 265 provide additional controlsto reduce the volume and/or toxicity of landfill leachate. 40CFR Part
257 (“Criteriafor Classfication of Solid Waste Disposd Facilities and Practices’) establishes disposal
practicesfor non-municipa , non-hazardouswastedisposa units(includingwastedisposal unitsthat receive
conditiona ly-exempt amd| quantity generator waste). InPart 257.3-3(c), theregul ationsstatethat afacility
shdl not cause non-point source pollution of waters of the United States that violates the applicable lega
requirementsimplementing an area or Statewide water quality management plan. 40 CFR Part 258
(“Criteriafor Municipa Solid Waste Landfills") requiresmunicipal solidwastelandfillstodesign, construct
and maintain run-on/run-off control systems (40 CFR 258.26), cover the digposed solid waste with six
inches of earthen materid at the end of each operating day (40 CFR 258.21), and subject these fecilities
to closure criteria, which requireafina cover to be applied to cover the wastes (40 CFR 258.60). These
requirementsgreatly reduce the risk of storm water becoming contaminated as aresult of direct contact
with the deposited solid waste. Subpart N of 40 CFR Part 264 ( “ Standards for Owners and Operators
of Hazardous Waste Treatment, Storage, and Disposal Facilities’) establishes design and operating

requirementsfor hazardouswastelandfills. Hazardouswaste landfillsmust design, construct, operate, and



maintain run-on/run-off control systems (264.301(g)) and, if the landfill contains particulate matter which
may be subject to wind dispersa, theoperator must cover or otherwise manage thelandfill to control wind
dispersal (264.301(j)). Subpart N of 40 CFR Part 265, “Interim Status Standards for Owners and
Operators of Hazardous Waste Treatment, Storage, and Disposa Facilities,” defines smilar controls to

those identified above for Part 264 for the control of storm water contamination.

I naddition, many municipa solidwastelandfillsand communitieshavedeve oped programsto prevent toxic
materidsfrombeing deposited in landfills. Solid waste generated by households may contain many types
of waste which may present an environmenta hazard, including paints, pesticides, and batteries. Many
communities have devel oped household hazardous waste collection programs which collect and dispose
of these hazardous wastesin an appropriate manner, thus avoiding deposition of hazardous wastesin the

municipal landfill and reducing the risks associated with the leachate produced by the landfill.

8.1.2 Physical/Chemical Treatment
8.1.21 Equalization

Wastewater and leachate generationrates at landfillsvary duetotheir direct relationship to rainfal, ssorm
water run-on and run-off, ground water entering the waste-containing zone, and the moisture content and
absorption capability of the wastes. To alow for the equdization of pollutant loadings and flow rates,
leachateand other |andfill generated wastewater isoften collected prior to treatment intanksor pondswith
aufficient capacity to hold the peak flows generated at the facility. A constant flow is delivered to the
treatment system from these holding tanksin order to dampen the variation in hydraulic and pollutant
loadingsto thewastewater trestment system. Thisreductioninhydraulicand pollutant variability increases
the performance and reliability of down stream treatment systems and can reduce the Size of subsequent
treatment tanksand chemical or polymer feed ratesby reducing the maximum flow ratesand concentrations
of pollutants. Equalization also lowers the operating costs associated with treatment units by reducing
instantaneoustreatment capacity demand and by optimizing theamount of trestment chemica srequired for
alesseratic set of treatment variables. Nationa estimates based on EPA’ s Detailed Questionnaire data
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show that 21 percent of direct and 12 percent of indirect non-hazardous landfill facilities use some form

of equalization as part of wastewater treatment systems.

Equdization systems congst of sted or fiberglass holding tanks or lined ponds that provide sufficient
capacity to contain peak flow conditions. Detention times are determined using a mass balance equation
and are dependent on Site-specific generation rates and treatment design criteria. According to data
collected by EPA’ s Detailed Questionnaire, detention times can rangefrom lessthan aday to 90days, with
amedian value of about two days. Equdization systems contain either mechanical mixing systems or
aeration systems to enhance the equalization process by keeping the tank contents well mixed and

prohibiting the settling of solids.

A breakdown of equalization systems used in the Landfillsindustry based on the responsestothe Detailed

Questionnaire is as follows:

Equalization Type % Non-Hazardous Facilities % Hazardous Facilities
Direct Indirect Indirect

Unstirred 13 7 0

Mechanicaly Stirred >1 <1 0

Aerated 11 6 0

A typical equalization system is shown in Figure 8-1.

8.1.2.2 Neutralization

Wastewater generated by landfillsmay haveawiderange of pH depending on thetypesof waste deposited
inthelandfill. Inmany instances, raw wastewater may requireneutraization to diminateeither high or low
pH vaues that may upset a trestment system, such as activated dudge biologicd treatment. However,
landfill facilities aso use neutraization systemsin conjunction with certain chemica treatment processes,
such as chemical precipitation, to adjust the pH of the wastewater to optimize process control. Acids,

suchassulfuricacidor hydrochloric acid, are added to reduce pH, and alkalies, such as sodium hydroxide,
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are added to raise pH values. Neutrdization may be performed in a holding tank, rapid mix tank, or an
equdizationtank. Typicaly, neutralization systemsat theend of atreatment system aredesigned to control
the pH of thedischargeto between6and 9. National estimates based on EPA’ s Detalled Questionnaire
datashow that 33percent of indirect hazardouslandfills, 6 percent of indirect non-hazardouslandfills, and
7 percent of direct non-hazardous landfill facilitiesemploy neutraization as part of wastewater treatment

systems using a variety of chemical additives to control pH.

Figure 8-2 presents a flow diagram for atypical neutralization system.

8.1.2.3 Flocculation

Flocculation is a treatment technology used to enhance sedimentation or filtration treatment system
performance. Flocculation precedes these processes and usualy consists of arapid mix tank, or in-line
mixer, and aflocculation tank. Thewaste streamisinitialy mixed while aflocculation chemica is added.
Flocculantsadherereadily to suspended solidsand each other tofacilitategravity sedimentationor filtration.
Coagulantscanbe added to reducethe e ectrostati ¢ surface charges and enhance theformation of complex
hydrous oxides. Coagulation alows for the formation of larger, heavier particles, or flocculants (which
usudly forminafloccul ation chamber), that can settlefaster. Therearethreedifferent typesof flocculants
commonly used: inorganic eectrolytes, natura organic polymers, and synthetic polyelectrolytes. The
selection of the specific treatment chemicd is highly dependent upon the characteristics and chemical
properties of the contaminants. A rgpid mix tank isusualy designed for adetention time from 15 seconds
to severa minutes (seereference 3). After mixing, the coagulated wastewater flowsto aflocculation basin
where dow mixing of the waste occurs. The dow mixing alows for the particles to agglomerate into
heavier, more settleable solids. Mixing is provided elther by mechanica paddle mixersor by diffused air.
Flocculationbasinsaretypically designed for adetention time of 15 to 60 minutes (seereference 3). Since
many landfill facilitiesemploy gravity-ass sted separation and chemica preci pitation as part of wastewater
treatment systems, EPA assumes that many of these facilities employ flocculation to enhance system

performance.



8.1.24 Gravity Assisted Separation

Gravity-assisted separation or sedimentation isasmple, economical, and widely used method for the
treatment of landfill wastewater. Clarification systems remove suspended matter, flocculated impurities,
and precipitatesfromwastewater. By alowingthewastewater to become quiescent, the suspended métter,
whichisheavier than water, can settleto the bottom of the clarifier, forming adudge blanket which can be
removed. Thisprocesscan occur inspecially designed tanks, or in earthen pondsand basins. Clarification
systems can a so be equipped to dlow for the remova of materidslighter than water, such as oils, which
are skimmedfrom the surface and collected for disposal. Sedimentation unitsat landfillsare used aseither
primary treatment options to remove suspended solids or as a secondary treatment option following a
biological or chemical precipitation process. Sedimentation processes are highly sensitive to flow

fluctuations and, therefore, usually require equalization at facilities with large flow variations.

Clarifierscan berectangular, square, or circular inshape. Inrectangular or squaretanks, wastewater flows
fromone end of thetank to the other with settled dudge collected into ahopper located at one end of the
tank. Incircular tanks, flow enters from the center and flows towards the outside edge with sludge
collected in acenter hopper. Treated wastewater exitsthe clarifier by flowing over awelr located &t the
top of the clarifier. Sudge which accumulates a the bottom of the clarifier is periodicaly removed and is
typicaly stabilized and/or dewatered prior to disposal. National estimates based on EPA’s Detailed
Questionnaire data suggest that 67 percent of indirect hazardous landfills, 9 percent of indirect non-
hazardous|andfills, and 27 percent of direct non-hazardouslandfill facilitiesemploy someform of gravity-

assisted separation as part of wastewater treatment systems.

Flocculation systems are commonly used in conjunction with gravity-assisted clarification systemsto
improve their solids removal efficiency. Some clarifiers are designed with a center well to introduce
flocculants and alow for coagulation in order to improve remova efficiencies. A schematic of a typical
clarificationsystem using coagul ation and flocculationisshownin Figure8-3. Themain design parameters

used indesigning aclarifier arethe overflow rate, detention time, and the side water depth. Overflow rate
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isthemeasure of theflow asafunction of the surface area of the clarifier. Typica design parameters used

for both primary and secondary clarifiers are presented below (see reference 7):

Design Parameter Primary Secondary
Overflow rate, gpd/sq ft 600-1,000 500-700
Detention time, min 90-150 90-150
Minimum Side water depth, ft 8 10

A variaionof conventiond clarification processisthechemicaly-ass sted clarification process. Coagulants
are added to clarifiers to enhance liquid-solid separation, permitting solids denser than water to settle to
the bottom and materials less dense than water (including oil and grease) to flow to the surface. Settled
solidsform adudge at the bottom of the clarifier which can be pumped out continuoudly or intermittently.
Oil and grease and other floating materials may be skimmed.

Chemicdly assisted clarification may be used aloneor aspart of amore complex treatment process. It dso
may be used in the following capacities:

C The first process applied to wastewater containing high levels of settleable suspended
solids.

C The second stage of most biological treatment processes to remove the settleable
materids, includingmicroorganisms, fromthewastewater; themicroorganismsthencanbe
either recycled to the biologica reactor or sent to the facility’ s dudge handling system.

C Thefind stage of most chemica precipitation (coagul ation/flocculation) processes to
remove the inorganic flocs from the wastewater.

Asdiscussed in Chapter 9, chemically-assisted clarification was a component of the model wastewater
treatment technology for estimatingthe BPT engineering costs of compliance and applied in certain cases.
In developing regulatory compliance costs, EPA used chemically-assisted clarification processes as an
additiona polishing processafter biological treatment. Chemically- asssted clarification processesconsist
of bothacl arifier and apolymer feed system. For facilitiescurrently with sedimentation following biologica
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treatment, EPA provided additiona costs only for a polymer feed system. EPA included chemically-
assisted dlarification systemsin the BPT option to aidin the settling processfollowing biologica treatment
to enhance both TSS and BOD; removal's through the wastewater treatment process. Higher BOD,
removas can be obtained by the additiona remova of microbid flocintheclarifier. EPA cogted facilities
for achemicaly-assisted clarification system when their current performance for TSS and/or BOD, was
dightly out of compliance with regulatory levels (up to 10 mg/L for BOD, and 50 mg/L for TSS). For
ingtance, if afacility had an aerobic lagoon treatment system and exceeded the regulatory level for TSSby
20 mg/L, EPA costed the facility for a chemically-assisted clarification system.

Although no landfill facilitiesin EPA’ s database reported using chemical addition, chemically-assisted
clarificationisaproven technology for theremova of BOD; and TSSin avariety of industrial categories

(seereference 19).

National estimatesindicate that |essthan one percent of direct and indirect non-hazardouslandfillsuse an
dternative clarification system design based on corrugated plate interceptor (CPI) technology. These
sysemsincludeaseriesof smal (gpproximeately two inch square) inclined tubesin the clarification settling
zone. The suspended matter must only travel ashort distance, when settlingor floating, before they reach
asurface of thetube. At thetubes surface, the suspended matter further coagulate. Because of the
increased surface area provided by the inclined tubes, CPI units can have much smaler settling chambers

than standard clarifiers.

8.1.25 Chemical Precipitation

Chemicd precipitation is used for the remova of metal compounds from wastewater. In the chemical
precipitation process, soluble metdlic ions and certain anions found in landfill wastewater are converted
to insoluble forms, which precipitate from solution. Most metas are relatively insoluble as hydroxides,
sulfides, or carbonates. Coagulation processes are used in conjunction with precipitation to facilitate

removal by agglomeration of suspended and colloida materids. The precipitated metas are subsequently
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removed from the wastewater stream by liquid filtration or clarification (or some other form of gravity
ass sted separation). Other treatment processessuch asequalization, chemica oxidation, or reduction(e.g.,
hexava ent chromium reduction) usualy precede the chemical precipitation process. The performance of
the chemical precipitation processisaffected by chemica interactions, temperature, pH, solubility of waste

contaminants, and mixing effects.

Common precipitates used a landfillsfacilitiesinclude lime, sodium hydroxide, sodaash, sodium sulfide,
and aum. Other chemicasused in the precipitation processfor pH adjustment and/or coagulationinclude
sulfuric and phosphoric acid, ferric chloride, and polyeectrolytes. Often, facilities use acombination of
these chemicals. Precipitation usng sodium hydroxide or lime is the conventionad method of removing
metals from wastewater at landfill facilities. Hydroxide precipitation is effective in removing metals such
as antimony, arsenic, chromium, copper, lead, mercury, nickd, and zinc. However, sulfide precipitation
isused, instead of hydroxide precipitation, to remove specific meta ionssuch asmercury, lead, and Slver.
Carbonate precipitation is another method of chemical precipitation and is used primarily to remove
antimony and lead. Use of dum as a preci pitant/coagulant agent results in the formation of aluminum
hydroxides in wastewater containing calcium or magnesium bicarbonate. Aluminum hydroxideis an
insoluble gelatinous floc which settles dowly and entraps suspended materids. Itiseffectivefor removing

metals such as arsenic and cadmium.

Sincelimeislessexpensve than caugtic (sodium hydroxide), it is more frequently used at landfill facilities
employing hydroxideprecipitation. However, limeismoredifficult to handleandfeed, asit must bedaked,
durried, and mixed and can often plug feed systemlines. Lime precipitation aso producesalarger volume
of dudge. The reaction mechanism for precipitation of a divalent metal using lime is shown below:

M** + Ca(OH), 6 M(OH), + Ca™*

And, the reaction mechanism for precipitation of a divalent metal using sodium hydroxideis:



M** + 2NaOH 6 M(OH), + 2Na"*

Inadditiontothetypeof trestment chemical chosen, animportant designfactor inthechemica precipitation
operationispH. Meta hydroxides are amphoteric, meaning they can react chemicaly as acids or bases.
Assuch, their solubilitiesincreasetoward both lower and higher pH levels. Therefore, thereisan optimum
pH for precipitation for each metal, which correspondsto its point of minimum solubility. Figure 8-4
presents ca culated solubilities of meta hydroxides. For example, as demonstrated on this figure, the

optimum pH range where zinc is least soluble is 8 to 10.

Another key consderationinachemica precipitation applicationisthe detention timein the sedimentation
phase of the process. The optimal detention time is dependent on the wastewater being treated and the
desired effluent quality.

The first step of achemica precipitation processis pH adjustment and the addition of coagulants. This
process usually takes place in separate mixing and flocculation tanks. After mixing the wastewater with
treatment chemicals, the resultant mixture agglomeratesin the flocculation tank, and is mixed dowly by
either mechanical means, such as mixersor recirculation pumping. The wastewater then undergoes a
Separation/dewatering process, such asclarificationor filtration, wherethe preci pitated metal sareremoved
fromsolution. In aclarification system, aflocculant, such asapolymer, is sometimes added to aid in the
settling process. The resulting dudge from the clarifier or filter must be further treated, disposed, or
recycled.

National estimates based on EPA’ s database indicate that 33 percent of indirect hazardous landfills, 5
percent of indirect non-hazardouslandfills, and 9 percent of direct non-hazardouslandfill facilitiesemploy
chemicd precipitation as part of wastewater treatment systems. A typica chemica precipitation system
is presented in Figure 8-5.
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81251 Iron (Fe) Coprecipitation

One cogt-€effective gpproach to remove metds is the iron adsorption and coprecipitation process. This
processinvolvesadding anironsalt, such asferric chlorideor ferric sulfate, towastewater (unlessit already
contains sufficient quantities of dissolved iron) to form iron hydroxide precipitate [Fe(OH)4(s)]. Abovea
pH of 4, theformation of thisamorphous preci pitate occursrapidly, caus ng entragpment of many dissolved
and suspended forms of various metals. This*sweep floc” resultsin the formation of alarge quantity of

solids (dludge) that can be gravity separated in a conventional clarifier (see reference 57).

8.1.2.6 Chemical Oxidation/Reduction

Chemical oxidation treatment processes can be used to remove ammonia, to oxidize cyanide, to reduce
the concentration of residua organics, and to reduce the bacteria and vira content of wastewater. Both
chlorineand ozone are two chemicasthat are commonly used to destroy residual organicsin wasteweter.
When these chemicdsare used for this purpose, disinfection of thewastewater isusualy an added benefit.
A further benefit of using ozoneis the remova of color. Ozone can aso be combined with hydrogen
peroxideto remove organic compoundsincontaminated ground water. Another useof oxidationisfor the
conversionof pollutantsto end productsor to intermediate products that are more readily biodegradable
or removed morereadily by adsorption. Nationa estimatesbased on the Detail ed Questionnaire datashow
that 33 percent of indirect hazardous landfills, 11 percent of direct non-hazardous landfills, and less than
one percent of indirect non-hazardous landfill facilities use chemica oxidation units as part of wastewater

treatment systems.

Chemica oxidationisachemica reaction processin which oneor more electrons aretransferred from the
chemica being oxidized to thechemical initiating thetransfer (the oxidizing agent). The electron acceptor
may beancther element, including an oxygen molecule, or it may be achemica gpecies containing oxygen,
such as hydrogen peroxide, chlorine dioxide (see Section 8.1.2.6.1), permanganate, or ozone. This
processisa so effectivein destroying cyanideand toxic organic compounds. Figure8-6 presentsaprocess

schematic for a chemical oxidation system that uses an alkaline chlorination process.
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Chemicd oxidationisapotential trestment optionfor theremoval of certainorganicpollutantsfromleachate
or ground water. Theamount of oxidant required in practiceisgenerally greater than thetheoretical mass
cadculated. Thereasonsfor thisare numerous and include incomplete oxidant consumption and oxidant
demand caused by other speciesin solution. Oxidation reactions are cataysts and pH dependent; hence,
pH control isanimportant designvariable. For many facilitiesutilizing chemical oxidation, partia oxidation
of organics, followed by additiona treatment options, may be more efficient and cost effective than using

a complete oxidation treatment scheme alone.

According to the Detailed Questionnaire data, landfill facilities use chemical oxidation processesto treat
cyanide-bearing wastes and organic pollutants and as adisinfectant. When treating cyanide or organic
wastes, these processes use strong oxidizing chemicals, such aschlorinein dementd or hypochlorite sat
form. Asadisinfection process, an oxidant (usualy chlorine) is added to the wastewater in the form of
ether chlorinedioxideor sodiumhypochlorite(see Section8.1.2.6.1). Other disinfectant chemicasinclude
ozone, hydrogen peroxide, sulfur dioxide, and cacium hypochlorite. Once the oxidant is mixed with the
wastewater, sufficient detentiontime (usualy 30 minutes) isalowed for the disinfecting reactionsto occur

(seereference 7).

Chemicd reduction processes involve a chemicd reaction in which electrons are transferred from one
chemical to another to reduce the chemica state of a contaminant. The main application of chemical
reductioninleachatetreatment isthereductionof hexavalent chromiumto trivalent chromium. Chromium
reduction is necessary due to the inability of hexavaent chromium to form a hydroxide, and enables the
trivalent chromium to be precipitated from solution in conjunction with other metdlic salts. Figure 8-7
presents aflow diagram of a chromium reduction system. Sulfur dioxide, sodium bisulfate, sodium

metabisulfate, and ferrous sulfate are typical reducing agents used at landfill facilities.

8.1.2.6.1 Breakpoint Chlorination

Breakpoint chlorination, in wide use asawastewater treatment technology, is aphysca-chemica means
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of removing ammoniafromwastewater. Chlorineisadded to processwatersuntil the chlorine demand of
the wastewater has been satisfied. At this point, the total dissolved residual chlorine has reached a
minimum (the breakpoint) and theammoniahas been oxidizedto form nitrogen gasand hydrochloric acid.
EPA evauated breakpoint chlorination asan dternative to biologica treatment for removing anmoniaat
landfill facilitieswith low BOD concentrations. EPA concluded that these facilities may have difficulty

operating biological treatment systems due to the low organic content of the wastewater.

Themost common chlorinecompoundsusedinwastewater treatment plantsarechlorinegas(Cl,), calcium
hypochlorite[ Ca(OCl),], sodium hypochlorite (NaOCI), and chlorinedioxide(ClO,). Caciumand sodium
hypochlorite are most often used in very small treatment plants, such as package plants, where smplicity
and sefety arefar moreimportant than cost. Sodium hypochloriteisoften used at largefacilities, primarily
for reasons of safety asinfluenced by local conditions. Because chlorine dioxide does not react with

ammonia, itisasoused inanumber of treatment facilitieswhereinterferenceswith ammoniaareaconcern.

Themaintenanceof achlorineresdud for the purpose of wastewater disinfectioniscomplicated by thefact
that free chlorine not only reactswith ammonia, but isalso astrong oxidizing agent. Aschlorineisadded,
readily oxidizable substances, such as Fe, Mn*?, H,S, and organic matter, react with the chlorine and
reducemost of ittothechlorideion. After meeting thisimmediate demand, the chlorine continuesto react
with the ammoniato form chloramines. Additional chlorine will cause some of the chloramines to be
convertedtonitrogentrichloride (NCl,), theremaining will beoxidizedtonitrousoxide (N,O) and nitrogen
(N,), and thechlorinewill bereduced to the chlorideion. With continued addition of chlorine, most of the
chloramineswill be oxidized at the breakpoint. Continued addition of chlorine past the breakpoint will
result in adirectly proportiond increasein the free available chlorine (unreacted hypochlorite). Themain
reason for adding enough chlorine to obtain afree chlorineresdud isthat usualy disinfection can then be

ensured (see reference 56).
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8.1.2.7 Air Stripping

Stripping is an effective treatment method for removing dissolved volatile organic compounds from
wastewater. Theremova isaccomplished by passing air or steam through the agitated waste stream. The
processresultsinacontaminated of f-gasstream which, depending upontheair emiss onsstandards, usually
requiresair pollution control equipment. Nationa estimatesbased on EPA’ sDetailed Questionnairedata
indicatethat 4 percent of direct and approximately one percent of indirect non-hazardouslandfill fecilities

use air stripping as part of wastewater treatment systems.

The driving force of air stripping mass-transfer operation is the difference in concentrations between the
arandliquidstreams. Pollutantsaretransferred from the more concentrated wastewater streamtotheless
concentrated air stream until equilibriumisreached. This equilibrium relationship is defined by Henry's
Law. The strippability of apollutant is expressed asits Henry's Law Congtant, which isafunction of its
volatility and solubility.

Air gtripping (or steam stripping) can be performed in tanks or in spray or packed towers. Treatment in
packed towersisthe most efficient application. The packing typically conssts of plastic rings or saddles.
The two types of towersthat are commonly used, cross-flow and countercurrent, differ in design only in
thelocation of theair inlets. Inthecross-flow tower, theair isdrawn through the sidesfor the total length
of the packing. Thecountercurrent tower drawsitsentirearr flowfrom thebottom. Thecross-flow towers
have been found to be more susceptible to scaing problems and are less efficient than countercurrent

towers.

Figure 8-8 presents a flow diagram of a countercurrent air stripper.

8.1.2.8 Filtration

Filtrationisamethod for separating solid particlesfrom afluid through the use of a porous medium. The

driving forceinfiltration isapressure gradient caused by gravity, centrifugd force, or avacuum. Filtration
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trestment processes can be used at landfillsto remove solids from wastewater after physical/chemica or
biologicd treatment or as the primary source of |eachate trestment. Filtration processes include a broad
range of media and membrane separation technologies from ultrafiltration to reverse osmoss. Toadin
removal, thefilter medium may be precoated with afiltration aid such asground cellulose or diatomaceous

earth.

National estimates based on the Detailed Questionnaire data indicate that 11 percent of direct and two
percent of indirect non-hazardous landfill facilities have some form of filtration as part of wastewater

treatment systems, including the following:

Type of Filtration System % Non-Hazardous Facilities
Direct Indirect

Sand 6 <1

Diatomaceous earth 0 <1

Granular multimedia 6 <1

Membrane 0 1

Fabric 0 <1

Dissolved compounds in landfill wastewater are sometimes pretreated to convert the compound to an
insoluble solid particle prior to filtration. Polymers are sometimes injected into the filter feed piping
downstream of feed pumps to enhance flocculation of smaller flocsthat may escape an upstream clarifier.

Pretreatment for iron and calcium is sometimes necessary to prevent fouling and scaling.

The following sections discuss the various types of filtration in use at landfills facilities.

8.1.28.1 Sand Filtration

Sandfiltration processescons st of elther afixed or moving bed of mediathat trapsand removes suspended
solids from water passing through the media. There are two types of fixed sand bed filters: pressure and
gravity. Pressurefilterscontain mediain an enclosed, watertight pressure vessal and requireafeed pump
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toforcethewater throughthemedia. A gravityfilter operatesonthebasisof differential pressureof astatic
head of water abovethe media, which causesflow through thefilter. Filter loading ratesfor sand filtersare
typically between 2 to 6 gpm/sq ft (see reference 7).

Allfixedmediafiltershaveinfluent and effluent distributionsystemscons sting of pipesandfittings. Strainers
inthetank bottom areusually stainlessstedl screens. Layersof uniformly sized gravel dso serve asbottom
srainers and as a support for the sand. For both types of filters, the bed builds up head loss over time.
Head lossisameasure of solidstrapped inthefilter. Asthe filter becomesfilled with trapped solids, the
efficiency of thefiltration processfalls off, and the filter must be backwashed. Filters are backwashed by
reversing the flow so that the solids in the media are didodged and can exit the filter; sometimes air is

dispersed into the sand bed to scour the media.

Fixed-bed filters can beautomatically backwashed when the differentia pressure exceedsapreset limit or
when a timer starts the backwash cycle. Powered valves and a backwash pump are activated and
controlled by adjustablecamtimersor e ectronic programmable-logiccontrollersto perform the backwash
function. A supply of clean backwash water is required. Backwash water and trapped particles are
commonly discharged to an equalization tank upstream of the wastewater treatment system’s primary

clarifier or screen for removal.

Moving bed filtersuse an air lift pump and draft tube to recirculate sand from the filter bottom to the top
of thefilter vessdl, whichisusually open at thetop. Dirty water entering thefilter at the bottom must travel
upward, countercurrently, through the downward moving fluidized sand bed. Particles are strained from
the rising water and carried downward with the sand. Dueto the differencein specific gravity, the lighter
particles are removed from thefilter when the sand isrecycled through a separation box at the top of the
filter or inaremotelocation. The heavier sand falsback into thefilter, whilethelighter particlesflow over

aweir towaste. Moving bed filtersare continuoudy backwashed and have aconstant rate of effluent flow.
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8.1.2.8.2 Diatomaceous Earth

Thesefiltration systems use diatomaceous earth, anatural substance, as a precoat on elther a vacuum or
pressurefilter arrangement to enhance removd efficiencies. In theseinstances, the diatomaceous earth is
placed asathin layer over ascreen. Thewastewater then is passed through the layer of earth and screen,
withthe suspended particlesbeing filtered. A vacuum can be drawn acrossthe screen, or pressure gpplied
to the wastewater to help the liquid pass through the filter medium.

8.1.2.8.3 Multimedia Filtration

Multimedia, or granular bed, filtration is used for achieving supplementa removal of residua suspended
solidsfrom the effluent of chemical or biologicd trestment processes. Thesefilters can be operated either
by gravity or under pressurein avessel. In granular-bed filtration, the wastewater stream is sent through
abed containing one or more layers of different granular materias. The solids are retained in the voids
between the media particleswhilethewastewater passesthroughthe bed. Typica mediausedingranular-
bed filters include anthracite coal, sand, and garnet. These media can be used alone, such asin sand
filtration, or inamultimediacombination. Multimediafiltersare desgned such that theindividud layersof
mediaremainfairly discrete. Thisisaccomplished by selecting appropriatefilter loading rates, mediagrain
Sze, and bed density. Hydraulic loading rates for amultimediafilter are between 4 to 10 gpm/sq ft (see

reference 7).

A multimediafilter operates with the finer, denser media at the bottom and the coarser, less dense media
at thetop. A common arrangement is garnet at the bottom of the bed, sand in the middle, and anthracite
coal at thetop. Some mixing of theselayersoccurs. Duringfiltration, theremova of the suspended solids
isaccomplished by acomplex processinvolving oneor moremechani sms, suchas straining, sedimentation,
interception, impaction, and adsorption. The medium sizeisthe principa characterigtic that affects the
filtrationoperation. If themediumistoosmall, much of thedriving forcewill bewasted in overcoming the
frictiona resstance of thefilter bed. If themediumistoo large, smdl particleswill travel through the bed,

preventing optimum filtration.
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Theflow pattern of multimediafiltersisusualy top-to-bottom. Upflow filters, horizonta filters, and biflow

filtersare also used. A top-to-bottom multimediafilter is represented in Figure 8-9.

8.1.2.8.4 M embr ane Filtration

Membrane filtration systems employ a semi-permeable membrane and a pressure differential. Both

ultrafiltration and reverse osmosis are commonly used membrane filtration processes.

8.1.284.1 Ultrafiltration

Ultrafiltrationusesasemipermesbl emi croporousmembrane, throughwhichthewastewater i spassed under
pressure. Water and low molecular weight solutes, such as salts and surfactants, pass through the
membrane and are removed as permeate. Emulsified oils and suspended solids are rejected by the
membrane and removed with some of the wastewater as a concentrated liquid. The concentrate is
recirculated through the membrane unit until the flow of permeate drops. The permeate can either be
discharged or passed aong to another trestment unit. The concentrate is contained and held for further
treatment or disposal. Severa typesof ultrafiltrationmembranesconfigurationsareavail able: tubular, spird
wound, hollow fiber, and plate-and-frame. A typica ultrafiltration system is presented in Figure 8-10.

Ultrefiltration is commonly used for the trestment of meta-bearing and oily wastewater. It can remove
substances with molecular weights greater than 500, including suspended solids, oil and grease, large
organic molecules, and complexed heavy metds (seereference 8). Ultrdfiltration is used when the solute
molecules are greater than ten timesthe s ze of the solvent molecules and lessthan one-half micron. The
primary design considerationin ultrafiltration isthe membrane selection. A membrane poreszeischosen
based on the size of the contaminant particles targeted for removal. Other design parameters to be
congdered are the solids concentration, viscosity, and temperature of the feed stream, and the membrane

permeability and thickness.
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8.1.2.8.4.2 Rever se Osmosis

Reverse osmos sisaseparation processthat uses sel ective semi permeablemembranesto removedissolved
solids, suchasmeta sdlts, fromwater. Themembranesare more permeableto water than to contaminants
or impurities. The wastewater isforced through the membrane a an applied pressure that exceeds the
osmotic pressure caused by the dissolved solids. Molecules of water pass through the membrane as
permeate while contaminants are flushed a ong the surface of the membrane and exit as concentrate. The
concentrate flow from areverse osmosis system ranges from 10 to 50 percent of the feed flow, with
concentrations of dissolved solids and contaminants approaching 10 times that of the feed water (see
reference 6). The percentage of permeate that passes through the membranes is afunction of operating

pressure, membrane type, and concentration of the contaminants in the feed.

Cdlulose acetate, aromatic polyamide, and thin-film composites are commonly used membrane materids.
Reverse osmoss membranes are configured into tubular, spird wound, hollow fiber, or plate-and-frame
modules. Modules are inserted into long pressure vessals that can hold one or more modules. Reverse
osmosissystemscons s of apretreatment pump, ahigh pressurefeed pump, one or more pressure vessdls,

controls, and instrumentation. A tubular reverse osmosis module is shown in Figure 8-11.

Membranes have alimited life depending upon application and are replaced when cleaning is no longer
effective. Membranescan becleaned manudly or chemicaly by recircul ating the cleaning solution through
themembranesto restore performance. Membranescan aso beremoved from thereverseosmosissystem
and sent off site for flushing and rgjuvenation. Membranes are replaced when cleaning is no longer

effective.

Membrane pore sizesfor atypicd reverse osmoss syslem range from 0.0005 to 0.002 microns, while
pressuresof 300t0400 ps areusualy required (seereference 39). Therefore, reverse osmosisfeed-water
needsto bevery low inturbidity. Pretreatment of landfill wastewater prior to reverse osmosis treatment
may be necessary, including chemica addition and clarification, or cartridgefiltration usng Smicronfilters
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to remove suspended particulates from the influent in order to protect pumps and membranes. Carbon
adsorption is recommended as pretreatment for membranes sensitive to chlorine. Biofouling can be
prevented by chlorination and dechlorination of thefeed water. To maintain the solubility of metals such
ascacium, magnesium, and iron, the pH can be adjusted with acid. Asde from pH adjustment, chemical

requirements include the following: bactericide, dechlorination, and chelating agents.

One variation of conventional reverse osmosis technology used at landfill facilitiesis an innovative
membrane separation technology using disc tube modules.  Thisinnovative process is designed to treat
liquid waste that is higher in dissolved solids content, turbidity, and contaminant levelsthan waste trested
by conventiona membrane separation processes. This process aso reduces the potentia for membrane

fouling and scding, dlowing it to be the primary treatment for waste streams such as landfill leachate.

The disc tube membrane module features larger feed-flow channels and a higher feed-flow velocity than
typica membrane separationsystems (seereference 48). These characteristicsalow the disc tube module
greater tolerancefor dissolved solidsandturbidity and agreater resi stanceto membranefoulingand scaing.
The high flow velocity, short feed-water path across each membrane, and the circuitous flow path creste

turbulent mixing reducing boundary layer effects, and minimizing membrane fouling and scaling.

Membrane materid for the disc tube moduleisformed into acushion with aporous spacer materia onthe
ingde. Themembranecushionsaredternatey stacked withhydraulicdiscsonatensonrod. Thehydraulic
diskssupport the membranesand providetheflow channel sfor thefeed liquid to passover the membranes.
After passing through the membrane materid, permeate flows through collection channelsto a product
recovery tank. A stack of cushionsand disksis housed in a pressure vessal. The number of disks per
module, number of modules, and the membrane materias can be varied to suit the gpplication. Modules
aretypicaly combined in atrestment unit or stage. Disc tube module units can be connected in seriesto
improve permegte water quality or in parallel to increase system trestment capacity (see reference 48).
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Like al membrane separation processes, reverse osmos s technology reduces the volume of the waste.
The degree of volume reduction is dependent on thewaste characteristicsand the system design. Reverse
osmosi stechnol ogy cantreat i quidwastestreamscontaining low molecular weight vol atileand semivol atile

organics, metals, and other inorganic compounds.

8.1.2.8.5 Fabric Filters

Fabric filtersconsst of avessdl that contains a cloth or paper barrier through which the wastewater must
pass. The suspended matter is screened by the fabric and the effectiveness of the filter depends on the
mesh size of the fabric. Fabric filters can either be backwashed or built as disposable units.

For waters having less than 10 mg/L suspended solids, cartridge fabric filters may be cost effective.
Cartridgefilters have very low capital cost and can remove particles of 1 micron or larger (see reference
39). Using two-stage cartridge filters (coarse and fine) in series extends the life of the fine cartridge.
Disposable or backwashable bag filters also are available and may be quite cost effective for certain
goplications. Typicaly, thesefabric filters are used to remove suspended solids prior to other filtration

systems to protect membranes and equipment and reduce solids fouling.

8.1.2.9 Carbon Adsorption

Activated-carbon adsorption isaphysical separation processin which organic and inorganic materidsare
removed from wastewater by sorption, or attraction, and accumulation of the compounds on the surface
of the carbon granules. This process is commonly referred to as granular activated carbon adsorption.
While the primary removal mechanism is adsorption, biologica degradation and filtration are additional
pollutant remova mechanisms provided by the activated- carbon filter. Adsorption capacitiesof 0.5t0 10
percent by weight are typical in industrial applications (see reference 5). Spent carbon can either be
regenerated on Site, by processes such aswet-air oxidation or steam stripping, or, for smaller operations,
be regenerated off site or sent directly for disposa. Vendors of carbon can exchange spent carbon with

fresh carbon under contract.
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Activated-carbon systems consist of avessal containing a bed of carbon (usualy 4 to 12 feet in depth),
whereby the wastewater is either passed upflow or downflow through the filter bed (see reference 6).
Carbonvesselsaretypicaly operated under pressure, though some designsuse gravity beds. For smdler
goplications, granular activated carbon systemsdso areavailablein canister systems, which can bereadily

changed-out and sent for off-site regeneration.

Often morethan one carbon vessd isused inseries, such that the first column can be used until the carbon
is"exhausted" beforeit isregenerated. The partidly-exhausted second column is then used as the first
columnand another columnisrotated behindit to providepolishing. Uptothreecolumnsaretypicaly used
inarotating fashion. When all of the available adsorption sites on the granular activated carbon are
occupied, arisein organic concentrationsis observed in the effluent leaving the vessdl. At this point the
granular activated carbon in the vessel is saturated and is said to have reached break-through.

The key design parameter is the adsorption capacity of the granular activated carbon. Thisisameasure
of themass of contaminant adsorbed per unit mass of carbon and isafunction of the chemical compounds
being removed, type of carbon used, and process and operating conditions. The volume of carbon
required is based upon the COD and/or pollutant-specific concentrations in the wastewater to be treated
and desired frequency of carbon change-outs. The vessd istypicaly designed for an empty bed contact
time of 15to 60 minutes (seereference5). Non-polar, highmolecular weight organicswith low solubility
arereadily adsorbed usng GAC. Certain organic compoundshave acompetitive advantagefor adsorption
onto GAC, which resultsin compounds being preferentially adsorbed or causing other less competitive
compounds to be desorbed from the GAC.  Most organic compounds and some metastypically found
in landfill leachate are effectively removed using GAC.

Nationa estimates based on EPA’ s Detalled Questionnaire dataindicate that greater than one percent of
indirect and greater than one percent of direct non-hazardous landfill facilities employ carbon adsorption
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as part of wastewater treatment systems. Figure 8-12 presents a flow diagram of atypical carbon
adsorption vessel.

8.1.2.10 lon Exchange

|on exchange is an adsorption process that uses aresin mediato remove contaminants from wastewater.
lon exchangeis commonly used for the remova of heavy metalsfrom ratively low-concentration waste
sreams. A key advantage of the ion exchange processisthat it alows for the recovery and reuse of the
metasin awastewater. 1on exchange aso can be designed to be selective to certain metals and can
provide effectiveremova fromwastewater having high concentrations of background compoundssuch as
iron, magnesium, and calcium. A disadvantageisthat theresins can befouled by oilsand heavy polymers
Pretreatment for ground water or |eachatetreated by anion exchange system typicaly includesacartridge
filtrationunit. Additional tanksand pumpsare required for regeneration, chemical feed, and collection of

spent solution.

In an ion exchange system, the wastewater stream is passed through a bed of resin. The resin contains
bound groups of ionic charge on its surface, which are exchanged for ions of the same charge in the
wastewater. Resinsare classfied by type, either cationic or anionic. The sdection of aresinisdependent
upon the wastewater contaminant to be removed. Cation resinsadsorb metas, while anion resins adsorb
such contaminants as nitrate and sulfate. A commonly-used resin is polystyrene copolymerized with
divinylbenzene. Key parametersfor designing anion-exchange syslem include aresin bed loading rate of
2to4 galonsper minute per cubicfoot, and apressurevessal diameter providing for across-sectional area

loading rate of 5 to 8 gallons per minute per square foot (see reference 5).

Theionexchange processinvolvesthefollowing four steps. treatment, backwash, regeneration, andrinse.
Duringthetreatment step, wastewater ispassed through theresinbed. Theionexchangeprocesscontinues
until pollutant breakthrough occurs. The resin is then backwashed to clean the bed and to remove

suspended solids. During the regeneration step, the resin is contacted with either an acidic or akaline
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solution containing the ion originaly present in theresin. This"reverses’ the ion exchange process and
removestheionsthat were originaly present in the wastewater and were retained by theresin. The bed
isthen rinsed to removeresidual regenerating solution. The resulting contaminated regenerating solution
must be further processed for reuse or disposal. Depending upon system size and economics, some
facilities choose to remove the spent resin and replace it with resin regenerated off-site instead of

regenerating the resin in-place.

lon exchange equipment ranges from smple, inexpensve systems such as domestic water softeners, to
large, continuousindustrid applications. A commonindustrid setupisfixed-bedresninavertica column,
where the resin is regenerated in-place. Other operating modes include batch and fluidized bed. These
systems can be designed so that the regenerant flow isconcurrent or countercurrent to the treatment flow.
A countercurrent design, athough more complex to operate, providesahigher treatment efficiency. The
beds can contain asingletype of resinfor selectivetreatment, or the beds can be mixed to providefor more
complete deionization of thewaste stream. Often, individual beds containingdifferent resnsare arranged

in series, which makes regeneration easier than in the mixed bed system.

Nationa estimates based on the Detailed Questionnaire data show that |ess than one percent of indirect
non-hazardouslandfillsemploy someformof ionexchangeaspart of wastewater treatment systems. Figure

8-13 presents a flow diagram of atypical ion exchange setup, fixed-bed resin in a vertical column.

8.1.3 Biological Treatment

Biologica treatment uses microbes which consume, and thereby destroy, organic compounds as a food
source. Leachate from landfills can contain large quantities of organic materials that can be readily
stabilized using biological trestment processes.  In addition to the carbon food source supplied by the
organic pollutants, themicrobesa so requireenergy and supplementa nutrientsfor growth, suchasnitrogen
and phosphorus. There are severd different classes of microbesthat are commonly usedin the biologica

treatment of organic bearing wastes. Aerobic microbes require oxygen to grow, whereas anaerobic
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microbes grow in the absence of oxygen. An adaptive type of anaerobic microbe, called afacultative

anaerobe, can grow with or without oxygen.

The success of biologicd treatment in treating wastewater is dependent on severa factors, such asthe pH
and temperature of thewastewater, the natureof the pollutants, the nutrient requirements of the microbes,
the presence of other inhibiting pollutants (such astoxic heavy metals), and variations in the feed stream
loading.

Aerobic biologicd treatment systems utilize an acclimated community of microorganisms to degrade,
coagulate, and remove organic and other contaminants from wastewater. Organic contaminantsin the
wastewater are used by the trestment organismsfor biological synthesisand growth, with asmall portion
for cellular maintenance. Resulting products from biologica treatment include cdllular biomass, carbon

dioxide, water and, sometimes, the nondegradable fraction of the organic material.

Inthebiological trestment process, wastewater ismixed or introduced tothebiomass. Themicroorganisms
responsible for stabilization can be maintained in suspended form or can be attached to a solid media
Examplesof thesuspended growth biologica treatment systemsincludevariousactivated dudgetreatment
processes and aerobic lagoons. Biological treatment processes which employ the use of fixed film media

include trickling filtration, biotowers, and rotating biological contactors.

Anaeraobic biologica treatment systems can degrade organic matter in wastewater and ultimately convert
carbonaceous materia into methane and carbon dioxide. Anaerobic systems have been shown to be most
effective for high strength leachate (COD over 4,000 mg/L) and for wastewater containing refractory
contami nantsbecauseof effectivenessof methanotropi cmicroorganismsin metabolizing thesecompounds.
A disadvantage to anaerobic treatment systemsis the sengitivity of the methanotropic microorganismsto

certain toxic substances.
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Initidly, in an anaerobic treatment process, the complex organic matter in the raw waste streamis
converted to solubleorganicsby extra-cellular enzymes. Thisstepfacilitatesthelater conversion of soluble
organic matter into Smple organic acids. Thefina step involves the conversion of organic acids into
methane and carbon dioxide. The bacteria responsible for the conversions have very dow growth rates.
In addition, methanotropic bacteria are very sengtive to environmental conditions, require the complete
absence of oxygen, anarrow pH range (6.5 to 7.5), and can be readily inhibited by the presence of toxic

compounds such as certain heavy metals.

The table below presents EPA’ s estimated number of |landfill facilities that use variations of biological

treatment as part of landfill wastewater treatment systems:

Type of Biologica Treatment % Non-Hazardous Facilities % Hazardous Facilities
Direct Indirect Indirect
Activated Sludge 8 1 33
Aerobic Lagoon Systems 7 3 0
Facultative Lagoons 7 <1 0
Trickling Filters 0 0 0
Anaerobic Systems 2 <1 0
Powdered Activated Carbon Treatment (PACT)* >1 <1 0
* with Activated Sludge
Nitrification Systems 2 <1 0
Rotating Biologica Contactors (RBCs) 0 0 0
Sequencing Batch Reactors (SBRS) >1 O 33
Denitrification Systems >1 0 0
Other* 13 0 0

*includes aerated submerged fixed film and wetlands

The following sections present adiscussion of biological treatment systemsin use at landfill facilities.

8.131 L agoon Systems

A lagoon, stabilization pond, or oxidation pond is a body of water contained in an earthen dike and
designedfor biologica trestment. Whileinthelagoon, wastewater istreated to reduce degradableorganics
through bi odegradati on and reduce suspended solidsthrough sedimentation. Thebiologica processtaking
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placein thelagoon can be aerobic, anaerobic, or both (facultative), depending on the design. Because of
thelow congtructionand operating costs, lagoonsoffer afinancia advantageover other treatment methods

and are popular where sufficient land is available at reasonable cost.

Lagoonsareused inwastewater treatment for stabili zation of suspended, dissolved, and colloida organics
elither asamainbiological trestment process or asa polishing trestment processfollowing other biological
treatment systems. Aerobic, facultative, and aerated lagoonsare generaly used forwastewater of low and
mediumorganic strength. High-strength wastewater and wastewater of variable strength often aretreated
by aseriesof lagoons. A common configuration isan anaerobic lagoon, followed by afacultative lagoon

and an aerobic lagoon.

The performance of lagoonsin removing degradabl e organi csdependson detention time, temperature, and
the nature of the waste. Aerated lagoons generally provide a high degree of BOD, reduction more
consistently than aerobic or facultative lagoons. Typica problems associated with lagoons are excessve
agaegrowth, offensive odorsfrom anaerobic lagoonsif sulfatesarepresent and thelagoon isnot covered,
and seasond variationsin effluent quality. The mgor classes of lagoonsthat are based on the nature of

biological activities are discussed below.

Aerobic lagoons depend on dgae photosynthesis and naturd aeration to assst in the biological activity.
These shalow lagoons (3 to 4feet in depth) rely on both the natura oxygen transfer occurring through the
surface area of thelagoon and the production of oxygen from photosynthetic agae. Aerobiclagoonsare
generdly suitablefor treating low- to medium-strength landfill leachates due to the recommended smdler
foodto massratios. Becauseof thisdesign limitation, aerobiclagoonsare used in combination with other
lagoons to treat higher-strength landfill leachates to achieve additional organic removal following
conventiona wastewater treatment processes. Thetypica hydraulic detention time for an aerobic lagoon
is 10 to 40 days, with an organic loading of 60 to 120 pounds of BOD; per day per acre (see reference
7).
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A variation of the aerobic lagoon is the aerated lagoon. These lagoons do not depend on algae and
sunlight to furnish dissolved oxygen, but require additiona oxygen to beintroduced to prevent anaerobic
conditions. Inthese systems, mechanica or diffused aeration devicesareused inthe lagoonsfor oxygen
transfer and to creste some degree of mixing (see Figure 8-14). Dueto thismixing, additional suspended
solidsremoval intheeffluent fromthelagoon may berequired. Therecommended hydraulicdetentiontime
is3to 20 days, with an organic loading of 20 to 400 pounds of BOD; per day per acre (see reference 7).
Based on these higher design loading rates, aerated lagoons are well suited for treatment of medium-
strength landfill leachates.

Aerated lagoons are rdatively smpleto operate. The influent isfed into the basin where it is mixed and
aerated with the lagoon contents.  Settled dudge is not routingly withdrawn from the lagoon. Lagoons
requireonly periodic cleaningswhen the settled solidssignificantly reducelagoon volume. Sinceoperation
requiresno dudgerecycle, the hydraulic detention timeisequa to thedudgeretentiontime. Contaminant
reductionin alagoon systemistypicaly lessthan other biologica treatment systems. Asaresult, aerobic
lagoons are commonly used together with other physical/chemical treatment processes, such aslime

addition and settling, to ensure sufficient pollutant removal efficiencies.

Anaerobic lagoons are relatively deep ponds (up to 6 meters) with steep sidewalls in which anaerobic
conditions are maintained by keeping organic loading so high that complete deoxygenation is prevaent.
Some oxygenation is possible in a shallow surface zone. If floating materials in the waste form an
impervious surface layer, complete anaerobic conditions will develop. Trestment or stabilization results
from anaerobic digestion of organic wastes by acid-forming bacteria that break down organics. The
resultant acidsarethen converted to carbon dioxide, methane, and other end products. Anaerobiclagoons

are capable of providing treatment of high-strength wastewater and are resistant to shock loads.

In the typical anaerobic lagoon, raw wastewater enters near the bottom of the pond (often at the center)

and mixeswith the active microbid massin the dudge blanket, which can be as much as 2 meters (6 feet)
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deep. Thedischargeislocated near one of the sides of the pond, submerged below the liquid surface.
Excess sludge is washed out with the effluent and recirculation of waste udge is not required.

Anaerobic lagoons are customarily contained within earthen dikes. Depending on soil and wastewater
characteristics, lining with variousimpervious materiad's, such asrubber, plastic, or clay may be necessary.

Pond geometry may vary, but surface area-to-volume ratios are minimized to enhance heat retention.

Waste stahilization in afacultative lagoon trestment system isaccomplished by acombinationof anaerobic
microorganisms, aerobic microorganisms, and a preponderance of facultative microorganismsthat thrive
under anaerobic aswell asaerobic conditions. Facultativesystemscons st of lagoonsof intermediate depth
(3to 8 feet) in which the wastewater is Stratified into three zones (see Figure 8-15). These zones consist
of an anaerobic bottom layer, an aerobic surface layer, and an intermediate zone dominated by the
facultative microorganisms. Stratification is a result of solids settling and temperature-water density
variaions. Oxygeninthesurface zoneis provided by natural oxygen transfer and photosynthesisor, asin
the case of an aerated facultative lagoon, by mechanica aeratorsor diffusers. Facultative lagoonsusudly
consist of earthen dikes, but some are lined with various impervious materials, such as synthetic

geomembranes or clay.

A facultative lagoon is designed to permit the accumulation of settleable solids on the basin bottom. This
dudgeat the bottom of thefacultativelagoon will undergo anaerobic digestion, producing carbon dioxide
and methane. Theliquid and gaseousintermediate productsfrom theaccumul ated solids, together withthe
dissolved solids furnished in the influent, provide the food for the aerobic and facultative bacteriain the
upper layers of theliquid in the lagoon. Recommended hydraulic detention time for a facultative lagoon
without aerationis 7 to 30 days, with an organic loading of 15 to 50 pounds of BOD;, per day per acre(see

reference 7).
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8.1.3.2 Anaerobic Systems

Types of anaerobic biologicd treatment systemsinclude complex mix anaerobic digestors (see Figure 8-
16), contact reactors with dudge recycle, and anaerobic filters. A digestor usesan air tight reactor where
wastesaremixed with digestor contentsthat contain the suspended anaerobic microorganisms. A digestor
operated inacompletemix modewithout dudgerecycling hasahydraulic detentiontimeequa tothe solids
retentiontime. Anaerobic digestioninareactor can also occurwith dudgerecycling. Thispermitsamuch
larger solidsretentiontime(SRT) thanthehydraulic detentiontime. System stability isgreeter atincreased
SRTs, and since the hydraulic detention time can be decreased, the reactor volume can aso be reduced.
The anaerobicfilter or biotower microbesaremaintained in afilm on packed solid mediawithin an air-tight
column. A variation of the anaerobic fixed-film processisafluidized bed process. Thebasictower desgn
issmilar tothat of an aerobicreactor inthat theinfluent isfed into thereactor a countercurrent flow. This

process provides for very high SRTs and variable hydraulic detention times.

Stabilization of leachatein an anaerobic treatment unit requires the maintenance of aviable community of
anaerobic microbes. Treatment efficiency is dependent on many interrelated factors such as hydraulic
detention time, SRT, temperature, and, to a lesser extent, organic loading, nutrients, and toxics.
Microorganisms respons ble for degrading the organic waste must remain in the reactor long enough to
reproduce. When the microbes spend lesstimein the system than they requireto reproduce, thesolidsare
eventualy washed out of the system. Anaerobic trestmentfacilitiesaretypicaly designed with an SRT of
2 to 10 times the washout time (typica washout time reported for organic acidsis about 3.5 days). For
degradation of organic acids in leachate, this washout time would yield an SRT of 7 to 35 days (see
reference 7). The most common temperature regime for an anaerobic reactor isin the range of 25to 38
degrees C (seereference 7). Typica loadingsfor anaerobic systems are from 30 to 100 pounds of COD
per 1,000 cubic feet of reactor volume (see reference 7). Since the synthesis of new cdlular materia is
dow in anaerobic systems, nutrient requirements are not aslarge asin aerobic systems. Nutrient addition
needs to be evaluated and, in the case of |eachate with low phosphorus concentrations, will require

phosphorus addition.
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8.1.33 Attached-Growth Biological Treatment Systems

Attached-growth biological treatment systems are used to biodegrade the organic components of a
wastewater. In these systems, the biomass adheres to the surfaces of rigid supporting media. As
wastewater contacts the supporting medium, athin-film biological dimedevelops and coats the surfaces.
Asthisfilm (congsting primarily of bacteria, protozoa, and fungi) grows, the dime periodicaly breaks off
the medium and isreplaced by new growth. Thisphenomenon of losing thedimelayer iscaled doughing
and isprimarily afunction of organic and hydraulic loadings on the system. The effluent from the system

isusualy discharged to a clarifier to settle and remove the agglomerated solids.

Attached-growthbiologica sysemsareapplicabletoindustria wastewater amenableto aerobic biologica
treatment in conjunction with suitable pre- and post-trestment units. These systems are effective for the

removal of suspended or colloidal materials.

The three major types of attached-growth systems used at landfills facilities are rotating biological
contactors, trickling filters, and fluidized-bed biological reactors. These processes are described below.

Rotating biologica contactors are aform of agrobic attached-growth biologica treatment syssem where
the biomass adheres to the surface of arigid media. In arotating biological contactor, the rigid media
usualy consgts of aplastic disk or corrugated plastic medium mounted on a horizonta shaft (see Figure
8-17). The medium dowly rotates in wastewater (with 40 to 50 percent of its surface immersed) as the
wastewater flowspast. During the rotation, the medium picks up athin layer of wastewater, which flows
over its surface absorbing oxygen from the air. The biological mass growing on the medium surface
absorbs organic pollutants, which then are biodegraded. Excess microorganisms and other solids are
continuoudy removed fromthefilm onthe disk by shearing forces created by therotation of thedisk inthe
wastewater. The doughed solidsare carried with the effluentto aclarifier, where they are separated from
the treated effluent.
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Rotating biologica contactors provide a greater degree of flexibility for landfills with changing leachate
characteristics. Modular construction of rotating biol ogical contactorspermit their multiplestagingtomeet
increases or decreases in treatment demand.  Staging, which employs a number of rotating biological
contactors operated in series, enhances biological treatment efficiency, improves shock-handling ability,

and also may aid in achieving nitrification.

Typical rotating biological contactor design parametersincludeahydraulicloading of 2.0to 4.0 gallons per
square feet per day and an organic loading of 2.0 to 3.5 pounds BOD;, per 1,000 square feet per day (see

reference 12).

Factors which affect the efficiency of rotating biological contactor systems include the type and
concentration of organic matter, hydraulic detention time, rotational speed, media surface area
submergence, and pre- and post-treatment activities. Variations of the basic rotating biologica contactor
process design include the addition of air to the tanks, chemicalsfor pH control, use of molded coversor
housing for temperaturecontrol, and dudgerecycleto enhancenitrification. Rotatingbiologica contactors
aretypicaly well suited for the treatment of soluble organics and adequate for nitrification. They are
low-ratesystemscapableof handling limited loadings capacity and arenot efficient for degrading refractory

compounds or removing metals (see reference 7).

Trickling filtration is another aerobic fixed-film biologica treatment process that consists of a suitable
structure, packed with inert medium, such asrock, wood, or plastic. The wastewater is distributed over
the upper surface of themedium by ether afixedspray nozzle system or arotating distribution system (see
Figure 8-18). The inert medium develops a biological slime that absorbs and biodegrades organic
pollutants. Air flows through the filter by convection, thereby providing the oxygen needed to maintain

aerobic conditions.
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Trickling filters are classified aslow-rate or high-rate, depending on the organic loading. Typica design
organic loading vaues range from 5 to 25 pounds and 25 to 45 pounds BOD; per 1,000 cubic feet per
day for low-rate and high-rate, respectively (seereference 11). A low-ratefilter generally hasamediabed
depth of 1.5 to 3 meters and does not userecirculation. A high-rate filter can have abed depth from 1 to

9 meters and recirculates a portion of the effluent for further treatment (see reference 7).

A variation of atrickling filtration processisthe aerobic biotower which can be operated in a continuous
or semi-continuousmanner. Influentispumped to thetop of atower, whereit flowsby gravity through the
tower. Thetower ispacked with media, plastic or redwood, containing the microbia growth. Biologica
degradation occurs asthewastewater passesover themedia. Treated wastewater collectsinto the bottom
of the tower. If needed, additional oxygen is provided viaair blowers countercurrent to the wastewater
flow. Alternative variations of this treatment process involve the inoculation of the raw influent with
bacteria, adding nutrients, and using upflow biotowers. Wastewater collected inthebiotowersisddivered
to aclarifier to separate the biological solids from the treated effluent.

An aerobic fluidized-bed biologicdl reactor is avariation of afixed-film biological treatment process.
Microorganisms aregrown on either granular activated carbon or sand media. Influent wastewater enters
thereactor through adistributor whichisdes gnedto providefor fluidization of themedia(seeFigure8-19).
Asthe biofilm grows, the media bed expands, thereby reducing the density of the media. The rising bed
isintercepted a a given height with the bulk of the biomass removed from the media. The mediathenis
returned to the reactor. Additiona oxygen can be predissolved in the influent to enhance performance.
The use of granular activated carbon as a medium integrates biologica trestment and carbon adsorption
processes, which hasthe advantage of handling loading fluctuations, aswell asgrester removasof organic

contaminants.

Due to a short hydraulic detention time, this process is favorable for low to moderate levels of

contamination. Thevertica instdlation of thereactor and highloading capability reducesconventiond land
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requirements. The maximum design loading is400 pounds of BOD per 1,000 square feet of reactor area

per day with aminimum hydraulic detention time of 5 to 10 minutes (see reference 7).

8.1.34 Activated Sludge

The activated dudge process is a specific continuous-flow, aerobic biological treatment process that
employs suspended-growth aerobic microorganismsto biodegrade organic contaminants. In thisprocess
(showninFigure8-20), asuspension of aerobic microorganismsismaintainedin arelatively homogeneous
state by mechanica mixing or turbulenceinduced by diffused aeratorsin an agration basin. Thissuspenson

of microorganismsis called the mixed liquor.

Wastewater isintroduced into the basin and mixed with the tank contents. The biologica process often
is preceded by gravity settling to remove larger and heavier suspended solids. A series of biochemical
reactions take place in the agration tank. These reactions degrade organics and generate new biomass.
Microorganisms oxidizethe soluble and suspended organic pollutants to carbon dioxide and water using
the available supplied oxygen. These organisms also agglomerate colloida and particulate solids. After
a specific contact period in the aeration basin, the mixture is passed to a settling tank where the
microorganisms are separated from the treated water. A portion of the settled solids in the clarifier is
recycledback totheaeration systemtomai ntainthedesired concentration of microorganismsinthereactor.

The remainder of the settled solids is wasted and sent to udge handling facilities.

Toensurebiol ogica stabilizationof organiccompoundsinactivated d udgesystems, adequatenutrient levels
must be available to the biomass. The primary nutrients are nitrogen and phosphorus. Lack of these
nutrientscanimpair biological activity andresultinreduced removd efficiencies. Certainleachatescanhave
low concentrations of nitrogen and phosphorus relative to the oxygen demand. Asaresult, nutrient
supplements(e.g., phosphoric acidaddition for additiona phosphorus) have been used in activated dudge

systems at landfill facilities.

8-34



The effectiveness of the activated dudge processis governed by severd design and operation variables.
The key variables are organicloading, dudge retention time, hydraulic or aeration detention time, oxygen
requirements, and the biokinetic rate constant (K). The organic loading is described as the food-to-
microorganism (F/M) ratio, or kilogramsof BOD, gpplied daily to the system per kilogram of mixed liquor
suspended solids (MLSS). The MLSS in the agration tank is determined by the rate and concentration
of activated dudgereturnedto thetank. Theorganicloading (F/M ratio) affectstheBOD removal, oxygen
requirements, biomassproduction, and thesettl esbility of thebiomass. Thedudge(or solids) retentiontime
(SRT) or dudge age is ameasure of the average retention time of solids in the activated dudge system.
Sludge retention time is important in the operating of an activated dudge system because it must be
maintained at alevel that isgreater than the maximum generation time of microorganismsinthesystem. 1f
adequate dudge retention time isnot maintained, the bacteriaarewashed from the system faster than they
canreproduce and theprocessfails. The SRT dso affectsthe degree of treatment and production of waste
dudge. A high SRT resultsin carrying ahigh quantity of solidsin the system, obtaining ahigher degree of
treatment, and producing lesswaste dudge. The hydraulic detention timeisused to determinethe size of
the aeration tank and should be determined by use of F/M ratio, SRT, and MLSS. The biokinetic rate
congtant (or K-rate) determinesthe speed of thebiochemical oxygen demand reaction and generally ranges
from0.1to0 0.5 days™ for municipal wastewater (seereference 11). The value of K for any given organic
compound istemperature-dependent. Because microorganisms are more active at higher temperatures,
the value of K increases with increasing temperature. Oxygen requirements are based on the amount of
oxygen required for BOD,, synthesis and the amount required for endogenous respiration. The design
parameters will aso vary with the type of wastewater to be treated. The oxygen requirement to satisfy
BOD, synthesisisestablished by the characteristics of the wastewater. The oxygen requirement to satisfy
endogenousrespirationisdetermined by thetotal solids maintained inthe sysiemand their characteritics.

Modifications of the activated dudge process are common, as the process is extremely versatile and can

be adapted for awide variety of organicaly contaminated wastewater. The typical modification may

represent avariation in one or more of the key design parameters, including the F/M loading, aeration
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location and type, dudge return, and contact basin configuration. The modificationsin practice have been
identified by themgjor characteristicsthat distinguishthe particular configuration. Thecharacteristictypes

and modifications are briefly described as follows:
C Conventional. The aeration tanks are long and narrow, with plug flow (i.e., little forward or
backwards mixing).

C Complete Mix. The aeration tanks are shorter and wider, and the aerators, diffusers, and entry
points of the influent and return dudge are arranged so that the wastewater mixes compl etely.

C Tapered Aeration. A modification of the conventiona processin which thediffusersare arranged
to supply more air to the influent end of the tank, where the oxygen demand is highest.

C Step Aeration. A modification of the conventiona processin which the wastewater isintroduced
to the aeration tank at severa points, lowering the peak oxygen demand.

C High Rate Activated Sudge. A modification of conventional or tapered aeration in which the
aerationtimesareshorter, thepollutantsloadingsare higher per unit massof microorganismsinthe
tank. Therate of BOD, removal for this processis higher than that of conventional activated
sludge processes, but the total BOD, removals are lower.

C Pure Oxygen. An activated dudge variation in which pure oxygen insteed of air is added to the
aerationtanks. Thetanksare covered, and the oxygen-containing off-gasisrecycled. Compared
to norma air aeration, pure oxygen aeration requires asmaller aeration tank volume and treats
high-strength wastewater and widely fluctuating organic loadings more efficiently.

C Extended Aeration. A variation of complete mix inwhich low organic loadingsand long aeration
times permit more complete wastewater degradation and partial aerobic digestion of the
microorganisms.

C Contact Stabilization. Anactivateddudgemodificationusngtwo agrationstages. Inthefirst stage,
wastewater isaerated withthereturn dudgein the contact tank for 30to 90 minutes, dlowingfinely
suspended colloidal and dissolved organics to absorb to the activated sludge. The solids are
settled out inaclarifier and then aerated in the dudge aeration (tabilization) tank for 3to 6 hours
before flowing into the first aeration tank (see reference 11).

C OxidationDitch Activated Sudge. Anextended aeration processinwhich aerationand mixing are
provided by brush rotors placed across arace-track-shaped basin. Waste enters the ditch at one
end, is aerated by the rotors, and circulates.
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Activated dudge sysemsareeffectivein theremova of soluble (dissolved) organicsby biosorption aswell
as suspended and colloida matter typically found in landfill leachate. Suspended matter is removed by
entrapment in the biologica floc while colloidd matter isremoved by physiochemica adsorption to the
biologicd floc. For example, inorganic contaminants, such as heavy metals, that are common in low
concentrationsin landfill wastewater are often precipitated and concentrated in the biological udges
generated from activated dudge systems at landfill facilities. Halogenated organic compounds may be
driven off to a certain extent in the aeration process while other less volatile compounds are removed by
acombination of biodegradation and air stripping in the aeration basin. Findly, activated dudge systems
treating landfill leachates with an excessloading of certain nutrients (i.e. amounts of nitrogen that exceed
the requirements of the biomassin the activated dudge system) can be operated so that nitrification of
ammonia can occur in the activated dudge system. For higher concentrations, stand-alone nitrification

systems may be required; these systems are discussed later in this chapter.

Conventiond, plug-flow activated dudge systems can adequately treat the organic loadingsfound in low-
to medium-strength landfill leachates. Higher-strength leachatesoften aretreated at landfill facilitiesusing
extended aerationmode of activated dudgetreatment. Thisprocessalowsfor alarge hydraulic detention
time of up to29 hoursand for adudge detention time of 20 to 30 days (seereference 7). Aerator loading
for the complete-mix extended-aeration processis between 10 to 15 pounds of BOD, per 1,000 cubic
feet of aerator tank volume (see reference 7). Extended aeration aso provides for minimal operator
supervision in comparison to other activated sludge processes and occasiona sludge wasting. EPA
sampled afacility (EPA sampling episode 4759) in the Hazardous subcategory that employed acomplete-
mix extended-aeration treatment process for high-strength leachate. Design parametersfor this system
includeinfluent BOD; loading of 3520 mg/L with ahydraulic detention time of 28 hours. Higher-strength
leachates are a so occasionally treated with acombination of biological processes, sometimes using a
lagoon or attached growth system prior to the activated dudge system to reduce organic loading. Since
activated dudge systemsare senstiveto theloadingand flow variaionstypically found a landfill facilities,
equdization is often required prior to treatment using activated dudge systems. Also, activated sludge
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systemstreating landfill leachatestypicaly generate excess amounts of secondary dudgethat may require
additional stabilization, dewatering, and disposal.

8.1.35 Powdered Activated Carbon Biological Treatment

Inthisbiophysical treatment process, powdered activated carbon isadded toabiological trestment system
(usudly an activated dudge system). The adsorbent qualities of the powdered carbon aid in the remova
of organic compounds, particularly those that may bedifficult to biodegrade. Powdered activated carbon

also enhances color removal and the settling characteristics of the biological floc.

The mixture of influent, activated dudge biomass, and powdered activated carbon is held in the agration
basnfor asufficient detention time adequatefor the desired treatment efficiencies (see Figure8-21). After
contact in the aeration basin, the mixture flows to a clarifier, where settled solids are fed back to the
aeration basin to maintain adequate concentrations of microorganisms and carbon. Clear overflow from
the clarifiersiseither further processed or discharged. Fresh carbonis periodicaly added to the agration
basin asrequired and is dependent on desired removad efficiencies. Excess solids are removed directly
from the recycled dudge stream. Wasted solids can be processed by conventional dewatering means or
by wet-air oxidation for the destruction of organics and regeneration of activated carbon. Regeneration
also can be handled off site for smaller applications.

Powdered activated carbon activated 9 udge trestment combines physical adsorption propertiesof carbon
with biological trestment, achieving a higher degree of treatment than possible by either mode alone.
Powdered activated carbon removes the more difficult to degrade refractory organics, enhances solids
removd, and buffersthe system against | oading fluctuationsand shock loads. Variations of the powdered
activated carbon biological process includes operation in a batch fill and draw mode (similar to a
sequencing batch reactor), multiple-stage powdered activated carbon units, and combinations of aerobic
and anaerobic powdered activated carbon biologicd systems. Operation in a batch mode provides for
flexibility inthe system, by readily alowing for adjustmentsto the time and aeration mode in each process
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stage. This mode of operation is particularly applicable to the treatment of |eachate with variable
composition and strength. The powdered activated carbon biological trestment processiswell suited for
the treatment of |eachate containing high concentrations of soluble organics (particularly with low BOD,
to COD ratios). It can obtain better color and refractive organics removal than conventional biological

processesand can providefor treatment of |eachates contami nated with vari oustrace organi c compounds.

8.1.3.6 Sequencing Batch Reactors (SBRS)

A sequencing batch reactor isasuspended-growth biologica systeminwhichthewastewater ismixedwith
exiging biologicd flocin an agration basin. SBRsare uniquein that asingle tank acts as an equdization
tank, an aeration tank, and aclarifier (see Figure 8-22). A SBR is operated on a batch basis where the
wastewater ismixedand aerated with the biological floc for aspecific period of time. The contents of the
basin then are dlowed to settle and the liquid (or supernatant) is decanted. The batch operation of a
sequencing batch reactor makesit applicable to wastewater that is highly variable because each batch can
be treated differently, depending on its waste characteristics.

A sequencing batch reactor system has four cycles. fill, react, settle, and decant. Thefill cycle hasthree
phases. Thefirgt phase, called gatic fill, introduces the wastewater to the system under static conditions.
During this phase, anaerobic conditions can exist. During the second phase, the wastewater is mixed to
eliminate the scum layer and to initiate the oxygenation process. Thethird phase conssts of aeration and
biologica degradation. Thereact cycleisatime-dependent processthat continualy mixesand agratesthe
wastewater whilealowing thebiological degradation processto complete. Becausethereactionisabatch
process, the period of timeof aeration canvary to match the characteristicsand loadings of thewastewater.
The settling cycle utilizes alarge surface area (entire reactor area) and alower settling rate than used in
conventiona sedimentation processes, to alow for settling under quiescent conditions. Next, during the
decant cycle, gpproximately one-third of the tank volume is removed by subsurface withdrawal. This
treated effluent then can be further treated or disposed. The period of time that the reactor waits prior to

the commencement of another batch processingistheidleperiod. Excessbiomassisperiodicaly removed
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from the sequencing batch reactor when the quantity exceeds that needed for operation and is usualy
dewatered prior to disposal.

A sequencing batch reactor carries out dl of the functions of a conventiona continuous-flow activated
dudgeprocess, suchasequdization, biological treatment, and sedimentation, inatimesequencerather than
agpace sequence. Detention times and loadings vary with each batch and are highly dependent on the
loadingsintheraw wastewater at that time. Typically, asequencing batch reactor operateswithahydraulic
detentiontimeof 1to 10 dayswith an SRT of 10to 30 days. The ML SSismaintained at 3,500 to 10,000
mg/L (seereference?). Theoverdl control of the system can be accomplished automeaticaly by using level
sensorsor timing devices. By using asingletank to perform al of the required functions associated with
biologica treatment, a sequencing batch reactor saves on land requirements. It aso providesfor greater
operation flexihility for treating leachate with viable waste characteristics by being able to readily vary
detention timeand mode of aerationin eachstage. Sequencing batch reactors aso can be used to achieve

complete nitrification/denitrification and phosphorus removal.

8.1.3.7 Nitrification Systems

Inthis process, nitrifying bacteriaare used in an aerobic biologica treatment system to convert ammonia
compounds to nitrate compounds. Nitrification is usudly followed by denitrification (see next section)
which convertsnitratesto nitrogen gas. Nitrifyingbacteria, such asnitrosomonas and nitrobacter, derive
their energy for growth from the oxidation of inorganic nitrogen compounds. Nitrosomonas converts

ammoniato nitrites, and nitrobacter converts nitrites to nitrates.

The nitrification process usudly followsastandard biological processthat has already greetly reduced the
organic content of the wastewater; however, there are some biologica systems that can provide organic
(BOD,) removal concurrently withammoniadestruction. Thenitrification processcan beoriented aseither
asuspended growth process (e.g. activated dudge system) or an attached-growth process (e.g. trickling
filter).
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8.1.3.8 Denitrification Systems

Denitrificationisan anoxic processwhereby nitrate nitrogenisconverted to gaseous nitrogen, and possibly
nitrous oxide and nitric oxide. Denitrification isatwo step processin which thefirst step convertsnitrates
to nitrites, and the second step converts nitrite to nitrogen gas. The bacteria use nitrogen as an electron
source rather than oxygen in digesting a carbon food source. Since the waste stream reaching the
denitrification process has low levels of organic material, a carbon source (usually methanol) must be
added.

The denitrification process can occur as a suspended-growth process or as an attached-growth process.
Attached growth systems can be designed as elther fixed-bed or fluidized-bed reactor systems. Effluents

fromdenitrification processesmay need to bere-aerated to meet dissol ved oxygen dischargerequirements

8.1.3.9 Wetlands Treatment

An dternative and innovative biologica treatment technology for treating landfill wastewater iswetland
treatment. Wetlands can ether be natura or man-made (artificid) systems and contain vegetation that
alow for the natural attenuation of contaminants. Wetlands are designed to provide for a contact time of
usually 10 to 30 days. Vegetation in the wetlands transforms nutrients and naturally degrades organics.
Certain metals dso can be absorbed by vegetation through root systems. Key design variables include
loading rates, climatic condraints, and Ste characteristics. Wetland systems are fill mainly experimentd

and are not awidely accepted or proven treatment technology for the treatment of landfill leachate.

8.14 Sludge Handling

Sludges are generated by anumber of treatment technologies, including equalization, gravity-assisted
Separation, chemica precipitation, and biological treatment. Thesedudgesarefurther processed at landfill
stesusing various methods. The following sections describe each type of dudge-handling system used
within the Landfills industry.
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8.14.1 Sludge Slurrying

Sludge durrying isthe process of transporting dudge from one treatment process to ancther. 1t only can
be applied to liquid dudges that can be pumped through a pipe under pressure. Nationa estimates based
on EPA’ sDetailed Questionnaire dataindicate that 33 percent of indirect hazardous landfillsandlessthan
one percent of indirect non-hazardous landfills use dudge-durrying systems as part of their wastewater
treatment systems.

8.1.4.2 Gravity Thickening

Gravity thickening, as shown in Figure 8-23, conssts of placing the dudge in aunit smilar to agravity-
assisted separator, where the dudge is alowed to settle, with the liquid supernatant remaining at the top.
The thickened dudge is then removed, and the separated liquid is returned to the wastewater treatment
systemfor further treatment. Usually dudgesthat contain two to three percent solids can be thickened to
approximately fiveto ten percent solidsusing gravity thickening. Nationd estimatesbased onthe Detailed
Questionnaire responses show that 67 percent of indirect hazardous landfills, 4 percent of indirect non-
hazardouslandfills, and 7 percent of direct non-hazardouslandfill facilitiesemploy gravity thickening aspart

of their wastewater treatment systems.

8.1.4.3 Pressure Filtration

Plate-and-frame pressure-filtration systems are used at landfill facilities to dewater sludges from
physica/chemica and biologica treatment processes. Sludges generated at atota solids concentration of
two to five percent by weight are dewatered to a 30 to 50 percent solids mass using plate-and-frame
filtration (seereference 3). Sudgesfrom treatment systems can be thickened by gravity or stabilized prior
to dewatering by pressurefiltration or may be processed directly with the plate-and-frame filtration unit.

A pressurefilter consists of a series of screens (see Figure 8-24) upon which the dudge is applied under

pressure. A precoat material may be applied to the screensto aid in solidsremoval. The applied pressure
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forces the liquid through the screen, leaving the solids to accumulate behind the screen. Filtrate which
passesthrough the screen mediaisrecircul ated back to the head of the on-site wastewater trestment plant.
Screens (dlso referred to as plates) are held by frames placed sde-by-sde and held together with avice-
type mechanism. The unit processesdudge until al of the plates are filled with dry dudge asindicated by
amarked rise in the application pressure. Afterwards, the vice holding the plates is loosened and the
frames separated. Dried dudge is manually scraped from the plates and collected in a hopper for final
disposd. Theszeof thefilter and the number of plates utilized depends not only on the amount of solids
produced by treatment processes, but dso ishighly dependent on the desired operationa requirementsfor
thefilter. A plate-and-framefilter can produce a drier dudge than possible with most other methods of
dudgedewatering. Itisusudly notoperated continuoudy, but offers operationd flexibility snceit can be
operated in a batch mode.

Pressurefiltration is the most common method of dudge dewatering used at landfill fecilities. National
estimates indicate that 67 percent of indirect hazardous landfills, 5 percent of indirect non-hazardous
landfills, and 8 percent of direct non-hazardous landfill facilities use pressure filtration systems as part of

their wastewater treatment systems.

8.1.4.4 Sludge Drying Beds

Sudge-drying beds are an economica and effective means of dewatering dudge when land is available.
Sludge may be conditioned by thickening or stabilizationprior to application on the drying beds, which are
typicaly made up of sand and gravel. Sudge is placed on the bedsin an 8 to 12 inch layer and allowed
to dry. Thedrying areais partitioned into individua beds, gpproximately 20 feet wide by 20 to 100 foot
long (seereference 13), or aconvenient Size so that oneor two bedswill befilled by the dudge discharge
from other dudge-handling units or dudge- storage facilities. The outer boundaries may be constructed
with concrete or earthen embankments for open beds. Open beds are used where adequate area is

available and sufficiently isolated to avoid complaints caused by odors. Covered beds with greenhouse-
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type enclosures are used when it is necessary to dewater sludge continuously throughout the year,

regardless of the weather, and where sufficient isolation does not exist for the installation of open beds.

Sludge is dried by drainage through the dudge mass and supporting sand and by evaporation from the
surface exposed to the air. Most of the water leaves the sludge by drainage; thus, the provision of an
adequateunderdrainagesystemisessentia. Drying bedsareequippedwithlateral drainagetilesthat should
be adequatdly supported and covered with coarse grave or crushedstone. The sand layer should befrom
910 12 inches deep (see reference 13) with an dlowance for someloss from cleaning operations. Water
drained from the dudge is collected and typicaly recirculated back to the on-dite wastewater treatment
sysem. Sludge can be removed from the drying bed after it has drained and dried sufficiently. The
moi sturecontent is approximately 60 percent after 10 to 15 days under favorable conditions (seereference
13). Dried dudgeismanualy removed from the bedsand sent for on-ste or off-stedisposa. Figure8-25
depicts the cross section of atypical drying bed.

8.15 Zero Discharge Treatment Options

In this section, additiona treatment processes and disposal methods associated with zero or alternative
dischargeat landfill facilitiesare described. Based ontheresponsesto theDetailed Questionnaire, national
estimatesindicate that 27 percent of dl non-hazardous landfill facilities and 96 percent of all hazardous
landfill facilitiesuse zero-dischargetreatment options. Themaost commonly used zero-dischargetreatment
method employed by these facilitiesis |and application and recirculation. This section describes land
application, recirculation, deep-well disposal, evaporation, solidification, and off-site disposal.

Land gpplication involves the spreading of the wastewater over an area of land that is capped, closed, or
an unused portion of alandfill. The land generdly has sufficient percolation characteristics to allow the
water to drain adequately into the soil. The arealis assessed to insure that the soil can provide adequate
biologicd activity to cause the degradation of organic pollutants and aso to provide sufficient binding of

any metals present.
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Recirculation involves the spraying of recycled landfill leachate over areas of alandfill. Although this
process promotes biodegradation and evaporation of the leachate volume, recirculation is primarily used

as a means of dust control.

Deep well disposal congsts of pumping the wastewater into a disposa well, which then discharges the
liquidinto adeep aquifer. Normally, these aquifersarethoroughly characterized toinsurethat they are not
hydrogeol ogicaly connected to adrinking-water supply. The characterization requires the confirmation

of the existence of impervious layers of rock above and below the aquifer.

Traditiondly used as a method of dudge dewatering, evaporation, or solar evaporation, can dso involve
the discharge and ultimate storage of wastewater into ashdlow, lined, on-gte ditch. Since the system is

open to the atmosphere, the degree of evaporation is greatly dependent upon climatic conditions.

Solidificationisaprocessin which materials, such asfly ash, cements, and lime, are added to thewaste to
produce asolid. Depending on both the contaminant and binding materia, the solidified waste may be
disposed of in alandfill.

Some facilities that have alow leachate generation rate (either because of arid conditions or capping),
transport their wastewater off Ste to either another landfill facility’ s wastewater treatment system or toa

Centralized Wastewater Treatment (CWT) facility for ultimate disposal.

8.2 Treatment Performance and Development of Regulatory Options

This section presents an eva uation of performance data on trestment systems collected by EPA during
fieddd sampling programs. Theresultsof these EPA sampling episodesass sted the Agency inevaluating the
various types of treatment technologies. For those facilities employing the selected technologies, the
sampling datawere used to devel op theeffluent limitations. A moredetailed discussonof thedevel opment
of effluent limitations can be found in Chapter 11.
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8.2.1 Performance of EPA Sampled Treatment Processes

To collect data on potential BAT treatment technologies, EPA reviewed responses to the Detailed
Questionnaire to identify candidate facilitiesthat had well-operated and designed wastewater treatment
systems. EPA conducted 19 site viststo 18 facilitiesto evauate treatment systems. Based on these Site
vidts, EPA selected atotd of six facilitiesfor sampling which cons sted of five consecutivedaysof sampling
raw influent wastewater and intermediate and effluent points in the wastewater trestment system. EPA
conducted one of these 5-day sampling episodes (4690) at afacility that was eventually excluded from the
regulation becauseitisacaptivelandfill. Inaddition, the only technology sampled at thisfacility primarily
treated contaminated ground water. For the reasons discussed in Chapter 2, EPA decided to exclude
contaminated ground water flows from thisregulation. EPA did not use the data collected during this
sampling episodein selection of pollutantsof interest or inthecal culation of effluent limitations. Therefore,
EPA does not discuss thisfacility further in this section. For the remaining five sampling facilities, EPA
collected dataon avariety of biologica and chemica treatment processes. Technologies evaluated at the
selected sampling facilities include hydroxide precipitation, activated dudge, sequencing batch reactors,
multimedia filtration, and reverse osmosis. Table4-2in Chapter 4, presents asummary of the treatment
technologies sampled during each EPA sampling episode. Presented below are the summaries of the
treatment system performance data for each of the sampling episodes that EPA evaluated in the

development of the effluent limitations guidelines and standards.

8211 Treatment Performance for Episode 4626

EPA performed a 5-day sampling program during episode 4626 to obtain performance data on severa
treatment technol ogiesincluding hydroxide precipitation, biological trestment using anaerobic and aerobic
biotowers, and multimediafiltration. A flow diagram of thelandfill wastewater treatment system sampled
during episode 4626 is presented in Figure 8-26. The wastewater treatment system used at this Subtitle
D municipal facility treats predominately landfill generated wastewater, including leachate and gas
condensate. Table 8-2 presents asummary of percent removal data collected at episode 4626 for the
performanceof thebiol ogica treatment systemandfor theentiretreatment system, excludingthemultimedia
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filtrationsystemusedtopolishthedischargefromtheeffluent holdingtank. EPA ca cul ated percent removal
efficiencies for the processes by first obtaining an average concentration based upon the daily sampling
results for each sample collection location (influent and effluent point to the treatment process). EPA
calculated the percent removal efficiency of the system using the following equation:

Percent Removal = [Influent Concentration - Effluent Concentration] x100

Influent Concentration

EPA reported negative and zero percent removals for atreatment process on the table as 0.0 percent.

EPA determined thetrestment efficiency of thebiological trestment unit operation using the data.obtained
from sampling points 04 and 07 (see Figure 8-26). As demonstrated on the Table 8-2, the biological
trestment unit experienced good overall removalsfor TOC (93.0 percent), COD (90.85 percent), and
ammonia as nitrogen (99.14 percent). The biological unit operation alone did not demonstrate high
removals for BOD; (10.2 percent), TSS (9.32 percent), or for various metals (generaly less than 10
percent removals) becausethepollutantsweregenerdly not present inthebiol ogica treatment unit influent
at treatablelevels. The unit’sinfluent BOD, was 39.2 mg/L, TSSwas 11.8 mg/L, and most metaswere
not at detectable level s even though the raw wastewater at thisfacility exhibited a BOD, concentration of
991 mg/L, TSSof 532 mg/L, and severd metasat treatablelevels. Thebiologica treatment unit influent
waslow becausethisfacility employed large aerated equai zationtanksand achemical precipitation system
prior to biologica treatment. The equalization tanks had a retention time of gpproximately 15 days and
werefollowed by achemicad precipitation system using sodium hydroxide. Dueto thelongretentiontime
and wastewater agration, significant biological activity occurred in these tanks. The resulting insoluble
pollutantswereremovedin the primary clarifier prior to entering the biological towers. EPA did not detect
organic pollutant parametersin theeffluent fromthebiol ogical treatment processwith theexception of 1,4-

dioxane at a concentration of 13.8 ug/L.
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To determine the treatment efficiency of the entire treatment system, EPA determined the influent
concentration by taking aflow-weighted average of the two influent sampling points, sampling points 01
and 02. EPA represented the effluent from the trestment system by samplepoint 07. The entire trestment
system experienced good removals for the following conventional and nonconventional pollutants
parameters. BOD., TSS, ammonia as nitrogen, COD, TOC, and total phenols. Each of the organic
pollutant parametersidentifiedintheinfluent tothetreatment systemwasremoved to non-detectablelevels,
with the exception of 1,4-dioxane, which still experienced ahigh percent remova (94.2 percent). Most

metals had good percent removals or were removed to non-detectable levels.

8.2.1.2 Treatment Performance for Episode 4667

EPA performed a 5-day sampling program during episode 4667 to obtain performance data on various
treatmentunits,includingammoniaremoval ,hydroxidepreci pitation, biol ogica treatmentusingasequencing
batchreactor, granular activated-carbon adsorption, and multimediafiltration. A flow diagramof thelandfill
wastewater treatment system sampled during episode 4667 is presented in Figure 8-27. The wastewater
treatment process used at this Subtitle D non-hazardous facility primarily treats landfill generated
wastewater and asmall amount of sanitary wastewater flow from the on-site maintenance facility. Table
8-3 presentsasummary of percent removal datacollected during episode 4667 for the biological treatment
unit operation (SBR) and for the entire treatment system.

EPA determined the treatment efficiency of the biologica treatment unit using the data obtained from
sampling points 03 and 04 (see Figure 8-27). Asdemonstrated on Table 8-3, the SBR treatment unit
experienced moderate overdl removasfor TOC (43.4 percent), COD (24.7 percent), and BOD, (48.7
percent). The Agency observed improved remova efficienciesfor TSS(82.9 percent), total phenols(74.2
percent), and ammoniaas nitrogen (80.7 percent). Metdss, such as barium, chromium, and zinc, had low
removal efficiencies. However, as aso noted for facility 4626, the Agency observed these metasin the
influent to the biological system at |ow concentrations, often closeto thedetection limit. Other metalsalso
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had poor remova efficienciesincluding boron and silicon. EPA did not detect organic parametersin the
effluent from the SBR treatment unit.

EPA determinedthetreatment efficiency of theentiretreatment systemat thefacility usng thedataobtained
from sampling points 01 and 06 (see Figure 8-27). Overall the treatment system experienced good
removasfor BOD,, TSS, ammonia as nitrogen, COD, TOC and total phenols. Each of the organic
pollutantsdetected in theinfluent wasremoved to non-detect level sin the effluent. Also, each of themetd

parameters experienced a good removal rate through the treatment system.

8.2.1.3 Treatment Performance for Episode 4721

EPA performed a 5-day sampling program during episode 4721 to obtain performance data on the
sequencing batch reactor (SBR) treatment unit operation ingtaled at this Subtitle C hazardous facility. A
flow diagram of the landfill wastewater treatment system sampled during episode 4721 is presented in
Figure8-28. Thewastewater treatment processused at thisfacility treats predominately landfill generated
wastewater. Themgority of the landfill wastewater was generated by Subtitle D non-hazardous landfills.
However, the facility dso commingled wastewater generated by an on-site hazardous waste landfill for
treatment. Thefacility dsotreatslimited amountsof off-ste generated wastewater at theon-sitetreatment
plant, primarily from another landfill facility operated by the same entity. Table 8-4 presents asummary
of percent removal data collected during episode 4721 for the SBR treatment unit.

EPA determined the treatment efficiency of the biologica treatment unit using the data obtained from
sampling points 01 and 02 (see Figure 8-28). Asdemondtrated on the Table 8-4, the SBR treatment unit
experienced good overal removalsforanumber of convention/nonconventional and organic parameters,
including total phenols, BOD;, aniline, benzoic acid, 2-propanone, 2-butanone, naphthalene, apha
terpineol, ethylbenzene, p-cresol, m-xylene, 4-methyl-2-pentanone, toluene, phenol, hexanoic acid, and
ammoniaas nitrogen. EPA observed remova of al of the organic parameters detected in the influent to
non-detect levelsin the effluent. COD and TOC percent removals were observed at 72.2 and 66.3
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percent, respectively. The percent removal for TSSwas 72.1 percent. Metalswith quantitative percent
removasinclude arsenic (61.9 percent), chromium (46.3 percent), copper (61.2 percent), and zinc (66.3

percent).

8.2.14 Treatment Performance for Episode 4759

EPA performed a 5-day sampling program during episode 4759 to obtain performance data on various
treatment processesingta ledat thisSubtitleChazardousfacility,includingchemical precipitationusingferric
chlorideand sodium hydroxideand biological trestment using an activated dudge process. A flow diagram
of thelandfill wastewater treatment system sampled during episode4759 ispresented in Figure 8-29. The
wastewater treatment process used at thisfacility treats predominately landfill generated wastewater, but
a0 handleslimited amounts of contaminated storm water from storage containment systems. Table 8-5
presentsasummary of percent remova data collected at episode 4759 for the biological treatment units
only and for the entire treatment system (combined chemical precipitation and biological treatment

processes).

EPA determined thetreatment efficiency of thebiological trestment unit operationsusing the dataobtained
from sampling points 02 and 03 (see Figure 8-29). Asdemonstrated on the Table 8-5, the biological
treatment units experienced good overal removals for a number of conventional/nonconventional and
organic parameters, includingBOD., COD, TOC, total phenols, aniline, benzoic acid, 2,4-dimethylphenal,
2-propanone, methylene chloride, 2-butanone, benzyl alcohol, isobutyl alcohol, o-cresol, p-cresol, 4-
methyl-2-pentanone, phenol, pyridine, toluene, and hexanoic acid. Most of the organic parameters
detectedintheinfluent wereremoved to non-detect | evel sin theeffluent fromthebiol ogica treatment units
Mogt of the metal parameters, such as chromium, copper, selenium, titanium, and zinc, were observed at
low concentrationsintheinfluent tothebiol ogica treatment unitsand, therefore, did not demonstrategood

removal rates.
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EPA determinedthetreatment efficiency of theentiretreatment systemat thefacility usng thedataobtained
from sampling points 01 and 03 (see Figure 8-29). Asdemonstrated on Table 8-5, the entire treatment
system experienced good overal removals for a number of convention/nonconventional and organic
parameters, including total phenols, BOD,, 2,4-dimethylphenol, aniline, benzene, benzoic acid, 2-
propanone, methylenechloride, 2-butanone, benzyl dcohol, isobutyl acohol, o-cresol, p-cresol, 4-methyl-
2-pentanone, phenoal, pyridine, toluene, tripropyleneglycol methyl ether, and hexanoic acid. Mot of the
organic parameters detected in the influent were removed to non-detectable levelsin the effluent. COD
and TOC percent removas were observed at 76.4 percent and 84.2 percent, respectively. Ammonia as
nitrogen and TSS had poor removal rates of 25.7 percent and 26.6 percent, respectively. Metals with
quantitative percent removasinclude arsenic (46.6 percent), chromium (80.2 percent), copper (45.2
percent), strontium (66.8 percent), titanium (89.6 percent), and zinc (62.5 percent). Pesticide/herbicide
parameterssuchas2,4-DB, dicambaand dichloroprop had good remova efficienciesthroughthetreatment

system. Dioxin/furan parameters were not detected in either the influent or effluent samples.

8.2.15 Treatment Performance for Episode 4687

EPA performed a5-day sampling program during episode 4687 to obtain performance dataon thereverse
osmosistreatment processingtal led at thisNon-Hazardous Subtitle D facility. A flow diagram of thelandfill
wastewater trestment system sampled during episode 4687 is presented in Figure 8-30. The wastewater
treatment process used at this facility treats on-site landfill generated wastewater. Table 8-6 presents a
summary of percent removal datacollected at episode 4687 for asingle-passreverseosmossunitincluding
the multimediafiltration unit and the entire treatment system consisting of a second pass reverse 0SMosis

unit.

EPA determined thetreatment efficiency of thesingle-passreverse osmos streatment syssemat thefacility
using the data obtained from sampling points 01 and 02 (see Figure 8-30). Asdemonstrated on Table 8-
6, the Single-pass reverse osmosi s treatment system demonstrated good overall removalsfor anumber of

conventional/nonconventiona and organicparameters, including TSS, TOC,BOD,, TDS, COD, 4-methyl-
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2-pentanone, dphaterpineol, benzoic acid, tripropyleneglycol methyl ether, and hexanoicacid. A number
of other organic parametersa so were observed to have been removed by thetreatment processat various
levelslower than 95 percent. Tota phenols and ammoniaas nitrogen percent removaswere observed at
75.1 and 76.7 percent, respectively. Metals with quantitative percent removalsinclude arsenic (87.4
percent), boron (54.1 percent), silicon (88.3 percent), and strontium (92.9 percent). All of the
pesticide/herbicide parameters detected in the influent, including 2,4,5-TP, 2,4-D, 2,4-DB, dicamba,
dichlorprop, MCPA and MCPP, were removed to non-detect levels.

EPA determinedthetreatment efficiency of theentiretreatment systemat thefacility usng thedataobtained
from sampling points 01 and 03 (see Figure 8-30). The additiona polishing reverse osmos's unit caused
the remova efficiency of most of the conventiona and nonconventional parametersto increase. These
parameters include BOD,, ammonia as nitrogen, COD, TDS, TOC, and total phenols. The removal
efficiency of several organic parameterswere observed to increase from the single-pass treatment system
including 2-butanone, 2-propanone, phenoal, p-cresol, and toluene. The percent removal for boron aso
increased from 54.1 percent in the Single-pass reverse 0smos's system to 94.4 percent in the two-stage

reverse 0Smosis treatment system.
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Table 8-1: Wastewater Treatment Technologies Employed at In-Scope Landfill Facilities
(Percent of Landfills Industry)

Subtitle D Non-Hazardous Subtitle C
Hazardous
Treatment Technology Direct Indirect Indirect

Discharge Discharge Discharge
Equalization 21.0 11.2 0.0
Neutralization 6.3 6.7 33.3
Chemical oxidation 11.2 0.5 33.3
Chemical precipitation 9.1 54 33.3
Adsorption 14 1.3 0.0
Filtration 10.5 15 0.0
Stripping 4.2 1.3 0.0
Biological treatment 32.2 3.8 66.7
Gravity assisted separation 27.3 9.0 66.7
Sludge preparation 35 0.5 33.3
Sludge dewatering 12.6 5.2 66.7
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Table 8-2: Treatment Technology Performance for Facility 4626 - Subtitle D Municipal

Biological Treatment Unit Operation Only:

Entire Treatment System:

Pollutant of Interest CAS Sample Points 4 to 7 Sample Points 1 & 2 (flow weighted) to 7
Subtitle D Municipal # Influent Effluent % Influent Effluent %
DL SP Conc. (ug/L) SP Conc. (ug/L) Removal DL SP Conc. (ug/L) SP Conc. (ug/L) Removal
Conventional
BOD C-002 | 2,000 04 39,200 07 35,200 10.2 | 2,000 1+2 991,067 07 35,200 96.5
TSS C-009 | 4,000 04 11,800 07 10,700 9.3 | 4,000 1+2 532,800 07 10,700 98.0
Nonconventional
Ammonia as Nitrogen 7664417 10.0 04 135,000 o7 1,156 99.1 10.0 1+2 193,333 07 1,156 99.4
COD C-004 | 5,000 04 1,742,600 07 159,400 90.9 | 5,000 1+2 4,028,000 07 159,400 96.0
Hexavalent Chromium 18540299 10.0 04 ND 07 ND 10.0 1+2 68.7 07 ND 85.4
Nitrate/Nitrite C-005 50.0 04 1,535 07 130,500 0.0 50.0 1+2 693 07 130,500 0.0
TDS C-010 04 5,960,000 07 5,181,000 13.1 1+2 5,012,667 07 5,181,000 0.0
TOC C-012 | 1,000 04 758,000 07 52,800 93.0 | 1,000 1+2 1,316,200 07 52,800 96.0
Total Phenols C-020 50.0 04 182 07 50.0 72.5 50.0 1+2 1,204 07 50.0 95.9
Organics
1,4-Dioxane 123911 10.0 04 NS 07 13.8 NS 10.0 1+2 240 07 13.8 94.2
2-Butanone 78933 50.0 04 NS 07 ND NS 50.0 1+2 227,893 07 ND 100
2-Propanone 67641 50.0 04 NS 07 ND NS 50.0 1+2 27,655 o7 ND 99.8
4-Methyl-2-Pentanone 108101 50.0 04 NS 07 ND NS 50.0 1+2 598 07 ND 91.6
Alpha Terpineol 98555 10.0 04 NS 07 ND NS 10.0 1+2 134 07 ND 92.6
Benzoic Acid 65850 50.0 04 NS 07 ND NS 50.0 1+2 14,657 07 ND 99.7
Hexanoic Acid 142621 10.0 04 NS 07 ND NS 10.0 1+2 36,256 07 ND 100
Methylene Chloride 75092 10.0 04 NS 07 ND NS 10.0 1+2 50.3 07 ND 80.1
N,N-Dimethylformamide 68122 10.0 04 NS 07 ND NS 10.0 1+2 39.3 07 ND 74.5
O-Cresol 95487 10.0 04 NS 07 ND NS 10.0 1+2 86.4 07 ND 88.4
P-Cresol 106445 10.0 04 NS 07 ND NS 10.6 1+2 ND 07 ND
/10.0
Phenol 108952 10.0 04 NS 07 ND NS 10.0 1+2 685 07 ND 98.5
Toluene 108883 10.0 04 NS 07 ND NS 10.0 1+2 1,095 07 ND 99.1
Tripropyleneglycol Methyl Ether 20324338 99.0 04 NS 07 ND NS 105 1+2 ND 07 ND
/99.0
Metals
Barium 7440393 | 200 04 10.3 07 218 0.0 200 1+2 2427 07 21.8 99.1
Boron 7440428 | 100 04 3,211 07 2,925 8.9 100 1+2 4330 07 2,925 325
Chromium 7440473 10.9 04 11.6 07 ND 6.5 10.9 1+2 36.6 07 ND 70.3
Silicon 7440213 100 04 784 07 648 17.4 100 1+2 768 07 648 15.7
Strontium 7440246 80.3 04 ND 07 825 0.0 100 1+2 2,912 07 825 97.2
Titanium 7440326 4.2 04 4.2 07 ND 1.0 4.2 1+2 13.0 07 ND 67.9
Zinc 7440666 10.6 04 ND 07 12.0 0.0 20.0 1+2 144 07 12.0 91.6
Pesticides/Her bicides
Dichloroprop 120365 1.0 04 NS 07 NS NS 1.0 1+2 NS 07 NS NS
Disulfoton 298044 2.0 04 NS 07 NS NS 2.0 1+2 NS 07 NS NS
Dioxins/Furans
1234678-HpCDD 35822469 50.0 04 NS 07 NS NS 50.0 1+2 NS 07 NS NS
pg/L pg/L
OCDD 3268879 | 100 04 NS 07 NS NS 100 1+2 NS 07 NS NS
pa/L pa/L

Negative percent removal are recorded as 0.0.
SP: Sample point.
DL.: Specific detection limits of sample when there is a non-detect, otherwise it is the method detection limit

NS: Not Sampled
ND: Non-detect
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Table 8-3: Treatment Technology Performance for Facility 4667 - Subtitle D Municipal

Biological Treatment Unit Operation Only: Entire Treatment System:
Pollutant of Interest CAS Sample Points 3 to 4 Sample Points 1 to 6
Subtitle D Municipal # Influent Effluent % Influent Effluent %

DL SP Conc. (ua/L) SP Conc. (ua/L) Removal DL SP Conc. (ua/L) SP Conc. (ua/L) Removal
Conventional
BOD C-002 | 2,000 03 232,600 04 119,300 48.7 | 2,000 01 1,088,000 06 201,000 81.5
TSS C-009 | 4,000 03 59,600 04 10,200 82.9 | 4,000 01 93,400 06 ND 95.7
Nonconventional
Ammonia as Nitrogen 7664417 10.0 03 134,800 04 26,040 80.7 10.0 01 295,900 06 12,060 95.9
COD C-004 | 5,000 03 635,000 04 478,200 24.7 | 5,000 01 2,932,000 06 251,000 91.4
Hexavalent Chromium 18540299 10.0 03 ND 04 ND 10.0 01 26.0 06 ND 61.5
Nitrate/Nitrite C-005 50.0 03 14,400 04 87,800 0.0 50.0 01 494 06 87,000 0.0
TDS C-010 03 4,024,000 04 3,987,000 0.9 01 6,232,000 06 3,834,000 385
TOC C-012 | 1,000 03 212,600 04 120,400 43.4 ] 1,000 01 1,098,600 06 82,000 92.5
Total Phenols C-020 50.0 03 204 04 52.6 74.2 50.0 01 940 06 ND 94.7
Organics
1,4-Dioxane 123911 10.0 03 NS 04 ND NS 10.0 01 323 06 ND 96.9
2-Butanone 78933 50.0 03 NS 04 ND NS 50.0 01 8,767 06 ND 99.4
2-Propanone 67641 50.0 03 NS 04 ND NS 50.0 01 13,021 06 ND 99.6
4-Methyl-2-Pentanone 108101 50.0 03 NS 04 ND NS 50.0 01 1,239 06 ND 96.0
AlphaTerpineol 98555 10.0 03 NS 04 ND NS 10.0 01 430 06 ND 97.7
Benzoic Acid 65850 50.0 03 NS 04 ND NS 50.0 01 33,335 06 ND 99.9
Hexanoic Acid 142621 10.0 03 NS 04 ND NS 10.0 01 37,256 06 ND 100
Methylene Chloride 75092 10.0 03 NS 04 ND NS 208 01 ND 06 ND

/10.0
N,N-Dimethylformamide 68122 10.0 03 NS 04 ND NS 10.0 01 1,008 06 ND 99.0
O-Cresol 95487 10.0 03 NS 04 ND NS 10.0 01 2,215 06 ND 99.6
P-Cresol 106445 10.0 03 NS 04 ND NS 10.0 01 ND 06 ND
Phenol 108952 10.0 03 NS 04 ND NS 10.0 01 387 06 ND 97.4
Toluene 108883 10.0 03 NS 04 ND NS 10.0 01 668 06 ND 98.5
Tripropyleneglycol Methyl Ether 20324338 99.0 03 NS 04 ND NS 99.0 01 ND 06 ND
Metals
Barium 7440393 200 03 19.4 04 324 0.0 200 01 283 06 2.6 85.0
Boron 7440428 100 03 2,842 04 2,483 12.6 100 01 6,700 06 2,334 65.2
Chromium 7440473 10.0 03 10.5 04 113 0.0 111 01 90.6 06 ND 87.7
Silicon 7440213 100 03 5,284 04 6,766 0.0 100 01 27,158 06 6,859 74.7
Strontium 7440246 100 03 193 04 237 0.0 100 01 1,935 06 249 87.1
Titanium 7440326 25 03 4.8 04 ND 48.1 25 01 69.9 06 ND 96.4
Zinc 7440666 20.0 03 25.2 04 58.6 0.0 20.0 01 494 06 27.1 94.5
Pesticides/Her bicides
Dichloroprop 120365 1.0 03 NS 04 ND NS 11.8 01 ND 06 ND
/1.0
Disulfoton 298044 2.0 03 NS 04 ND NS 2.0 01 6.1 06 ND 67.2
Dioxins/Furans
1234678-HpCDD 35822469 50.0 03 NS 04 NS NS 50.0 01 NS 06 NS NS
pg/L pg/L
OCDD 3268879 100 03 NS 04 NS NS 100 01 NS 06 NS NS
pa/L pa/L

Negative percent removal are recorded as 0.0.

NS: Not Sampled
ND: Non-detect

DL: Specific detection limits of sample when there is a non-detect, otherwise it is the method detection limit
SP: Sample point
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Table 8-4: Treatment Technology Performance for Facility 4721 - Subtitle C Hazardous

Biologica Treatment Unit:

Pollutant of Interest CAS Sample Points 1 to 2
Subtitle C Hazardous # Influent Effluent %
DL SP Conc. (ua/L) SP Conc. (ua/L) Removal
Conventional
BOD C-002 2,000 01 877,875 02 47,000 94.7
Qil and Grease C-036 5,000 01 45,442 02 6,792 85.1
TSS C-009 4,000 01 191,375 02 53,375 72.1
Nonconventional
Amenable Cyanide C-025 10.0 01 ND 02 ND
Ammonia as Nitrogen 7664417 10.0 01 382,250 02 1,433 99.6
COD C-004 5,000 01 2,033,750 02 565,750 72.2
Nitrate/Nitrite C-005 50.0 01 1,770 02 333,375 0.0
TDS C-010 01 12,275,000 02 12,075,000 1.6
TOC C-012 1,000 01 562,250 02 189,625 66.3
Total Cyanide 57125 20.0 01 54.1 02 46.1 14.8
Total Phenols C-020 50.0 01 3,195 02 67.6 97.9
Organics
1,1-Dichloroethane 75343 10.0 01 315 02 ND 68.2
1,4-Dioxane 123911 10.0 01 ND 02 ND
2-Butanone 78933 50.0 01 6,398 02 ND 99.2
2-Propanone 67641 50.0 01 4,398 02 ND 98.9
2,4-Dimethylphenol 105679 10.0 01 79.0 02 ND 87.4
4-Methyl-2-Pentanone 108101 50.0 01 2,175 02 ND 97.7
Alpha Terpineol 98555 10.0 01 691 02 ND 98.6
Aniline 62533 10.0 01 685 02 ND 98.5
Benzene 71432 10.0 01 127 02 ND 92.2
Benzoic Acid 65850 50.0 01 5,294 02 ND 929.1
Benzyl Alcohol 100516 10.0 01 23.7 02 ND 579
Diethyl Ether 60297 50.0 01 104 02 ND 51.8
Ethylbenzene 100414 10.0 01 545 02 ND 98.2
Hexanoic Acid 142621 10.0 01 1,632 02 ND 99.4
Isobutyl Alcohol 78831 10.0 01 ND 02 ND
M-Xylene 108383 10.0 01 412 02 ND 97.6
Methylene Chloride 75092 10.0 01 49.2 02 ND 79.7
Naphthalene 91203 10.0 01 486 02 ND 97.9
O+P Xylene 136777612 10.0 01 155 02 ND 93.6
O-Cresol 95487 10.0 01 ND 02 ND
P-Cresol 106445 10.0 01 218 02 ND 95.4
Phenol 108952 10.0 01 1,553 02 ND 99.4
Pyridine 110861 10.0 01 12.0 02 ND 16.5
Toluene 108883 10.0 01 1,468 02 ND 99.3
Trans-1,2-Dichloroethene 156605 10.0 01 52.7 02 ND 81.0
Trichloroethene 79016 10.0 01 ND 02 ND
Tripropyleneglycol Methyl Ether 20324338 99.0 01 1,756 02 ND 94.4
Vinyl Chloride 75014 10.0 01 15.6 02 ND 36.0
Metals
Arsenic 7440382 10.0 01 1,492 02 569 61.9
Boron 7440428 100 01 8,839 02 8,449 4.4
Chromium 7440473 10.0 01 86.7 02 46.5 46.4
Copper 7440508 8.0 01 20.6 02 ND 61.2
Lithium 7439932 100 01 277 02 316 0.0
Metals (Cont’d)
Molybdenum 7439987 10.0 01 227 02 266 0.0
Nickel 7440020 40.0 01 131 02 125 4.1
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Table 8-4. Treatment Technology Performance for Facility 4721 - Subtitle C Hazardous (continued)

Biologica Treatment Unit:
Pollutant of Interest CAS Sample Points 1 to 2
Subtitle C Hazardous # Influent Effluent %
DL SP Conc. (ua/L) SP Conc. (ua/L) Removal
Selenium 7782492 155 01 20.0 02 ND 225
Silicon 7440213 100 01 5,518 02 5,024 9.0
Strontium 7440246 100 01 2,846 02 2,494 12.4
Tin 7440315 30.0 01 30.7 02 ND 2.4
Titanium 7440326 5.0 01 64.5 02 5.3 91.7
Zinc 7440666 20.0 01 253 02 85.3 66.3
Pesticides/Her bicides
2,4-D 94757 1.0 01 12 02 ND 14.0
2,4-DB 94826 2.0 01 3.9 02 ND 48.4
245TP 93721 0.2 01 0.5 02 ND 55.1
Dicamba 1918009 0.2 01 11 02 0.4 64.2
Dichloroprop 120365 1.0 01 21 02 13 37.7
MCPA 94746 50.0 01 59.1 02 ND 15.3
MCPP 7085190 50.0 01 153 02 51.9 66.1
Picloram 1918021 0.5 01 0.5 02 ND 2.0
Terbuthylazine 5915413 5.0 01 6.0 02 ND 16.8
Dioxins/Furans
1234678-HpCDD 35822469 50.0 01 588 02 NS NS
pg/L pg/L
1234678-HpCDF 67562394 50.0 01 63.3 02 NS NS
pg/L pg/L
OCDD 3268879 100.0 01 6,148 02 NS NS
pg/L pg/L
OCDF 39001020 100.0 01 237 02 NS NS
pa/L. pa/L

Negative percent removal are recorded as 0.0.

NS: Not Sampled

ND: Non-detect

DL: Specific detection limits of sample when there is a non-detect, otherwise it is the method detection limit
SP:  Sample point.



85-8

Table 8-5: Treatment Technology Performance for Facility 4759 - Subtitle C Hazardous

Pollutant of Interest

Bioliogical Treatment Unit Only:

Entire Treatment System

Subtitle C Hazardous CAS Sample Points 2 to 3 Sample Points 1 to 3
# Influent Effluent % Influent Effluent %
DL SP Conc. (ug/L) SP Conc. (ug/L) Removal DL SP Conc. (ug/L) SP Conc. (ug/L) Removal
Conventional
BOD C-002 | 2,000 02 2,650,000 03 62,800 97.6 | 2,000 01 2,664,000 03 62,800 97.6
Qil and Grease C-036 | 5,000 02 30,167 03 9,333 69.1 | 5,000 01 37,333 03 9,333 75.0
TSS C-009 | 4,000 02 47,300 03 90,000 0.0 ] 4,000 01 122,600 03 90,000 26.6
Nonconventional
Amenable Cyanide C-025 20.0 |02 NS 03 271 NS 20.0 01 3,990 03 271 93.2
Ammonia as Nitrogen 7664417 10.0 |02 194,400 03 155,500 20.0 10.0 01 209,400 03 155,500 25.7
COD C-004 | 5,000 02 5,200,000 03 1,180,000 77.3 | 5,000 01 5,006,000 03 1,180,000 76.4
Nitrate/Nitrite C-005 50.0 |02 263,196 03 240,423 8.7 50.0 01 259,242 03 240,423 7.3
TDS C-010 02 17,230,000 03 15,680,000 9.0 01 16,360,000 03 15,680,000 4.2
TOC C-012 | 1,000 02 1,800,000 03 284,700 84.2 | 1,000 01 1,804,000 03 284,700 84.2
Total Cyanide 57125 20.0 |02 869 03 796 8.5 20.0 01 9,756 03 796 91.9
Total Phenols C-020 50.0 |02 97,340 03 155 99.8 50.0 01 97,860 03 155 99.8
Organics
1,1-Dichloroethane 75343 10.0 |02 238 |03 ND 58.0 10.0 01 26.7 03 ND 62.5
1,4-Dioxane 123911 10.0 |02 1,935 03 702 63.7 10.0 01 2,003 03 702 65.0
2-Butanone 78933 50.0 |02 1,633 03 ND 96.9 50.0 01 1,724 03 ND 97.1
2-Propanone 67641 50.0 |02 3,254 03 65.0 98.0 50.0 01 3,634 03 65.0 98.2
2,4-Dimethylphenol 105679 10.0 |02 1,798 03 201 88.8 10.0 01 1,550 03 201 87.0
4-Methyl-2-Pentanone 108101 50.0 |02 1,009 03 ND 95.1 50.0 01 1,027 03 ND 95.1
AlphaTerpineol 98555 10.0 02 ND 03 ND 10.0 01 ND 03 ND
Aniline 62533 10.0 |02 577 03 ND 98.3 10.0 01 533 03 ND 98.1
Benzene 71432 10.0 |02 320 |03 ND 68.7 10.0 01 36.2 03 ND 72.4
Benzoic Acid 65850 500 |02 70,690 03 ND 99.9 50.0 01 64,957 03 ND 99.9
Benzyl Alcohol 100516 10.0 |02 859 03 ND 98.8 10.0 01 878 03 ND 98.9
Diethyl Ether 60297 50.0 |02 ND 03 ND 50.0 01 ND 03 ND
Ethylbenzene 100414 10.0 |02 13.8 |03 ND 27.3 10.0 01 15.8 03 ND 36.5
Hexanoic Acid 142621 10.0 |02 5,266 03 ND 99.8 10.0 01 3,640 03 ND 99.7
Isobutyl Alcohol 78831 10.0 |02 127 03 ND 9.1 10.0 01 138 03 ND 92.8
M-Xylene 108383 10.0 |02 106 |03 ND 5.3 10.0 01 10.7 03 ND 6.2
Methylene Chloride 75092 10.0 |02 604 03 10.3 98.3 10.0 01 661 03 10.3 98.4
Naphthalene 91203 10.0 |02 220 |03 ND 54.6 10.0 01 24.8 03 ND 59.6
O+P Xylene 136777612 10.0 02 ND 03 ND 10.0 01 ND 03 ND
O-Cresol 95487 10.0 |02 61.2 |03 ND 83.7 10.0 01 188 03 ND 94.7
P-Cresol 106445 10.0 |02 5,119 03 ND 99.8 10.0 01 5,022 03 ND 99.8
Phenol 108952 10.0 |02 54,808 03 29.7 100 10.0 01 65,417 03 29.7 100
Pyridine 110861 10.0 |02 309 03 ND 96.8 10.0 01 301 03 ND 96.7
Toluene 108883 10.0 |02 120 03 ND 91.7 10.0 01 136 03 ND 92.6
Trans-1,2-Dichloroethene 156605 10.0 |02 ND 03 ND 10.0 01 ND 03 ND
Trichloroethene 79016 10.0 |02 ND 03 ND 10.0 01 ND 03 ND
Tripropyleneglycol Methyl Ether 20324338 99.0 |02 ND 03 ND 99.0 01 1,021 03 ND 90.3
Vinyl Chloride 75014 10.0 |02 ND 03 ND 10.0 01 ND 03 ND
Metals
Arsenic 7440382 10.0 |02 389 03 312 19.9 10.0 01 584 03 312 46.6
Boron 7440428 | 100 02 2,706 03 2,486 8.1 100 01 2,918 03 2,486 14.8
Chromium 7440473 100 f02 158 03 824 47.8 10.0 01 415 03 824 80.2
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Table 8-5: Treatment Technology Performance for Facility 4759- Subtitle C Hazardous (continued)

Bioliogical Treatment Unit Only:

Entire Treatment System

Pollutant of Interest CAS Sample Points 2 to 3 Sample Points 1 to 3
Subtitle C Hazardous # Influent Effluent % Influent Effluent %
DL SP Conc. (ug/L) SP Conc. (ug/L) Removal DL SP Conc. (ug/L) SP Conc. (ug/L) Removal
M etals (cont.)
Copper 7440508 250 |02 611 |03 76.4 0.0 25.0 01 139 03 76.4 45.2
Lithium 7439932 | 100 02 253 03 239 5.5 100 01 266 03 239 10.2
Molybdenum 7439987 10.0 |02 13,710 03 13,130 4.2 10.0 01 13,260 03 13,130 1.0
Nickel 7440020 400 |02 2,014 03 1,878 6.8 40.0 01 2,060 03 1,878 8.8
Selenium 7782492 50 |02 191 03 190 0.2 5.0 01 178 03 190 0.0
Silicon 7440213 | 100 02 6,924 03 6,153 11.1 100 01 6,036 03 6,153 0.0
Strontium 7440246 | 100 02 105 03 94.4 9.9 100 01 284 03 94.4 66.8
Tin 7440315 300 |02 800 03 723 9.5 30.0 01 908 03 723 20.4
Titanium 7440326 50 |02 51 |03 2.4 52.1 5.0 01 23.3 03 2.4 89.6
Zinc 7440666 20.0 |02 26.7 |03 47.2 0.0 20.0 01 126 03 47.2 62.5
PesticidesHerbicides
2,4-D 94757 1.0 |02 NS 03 11.8 NS 1.0 01 11.2 03 11.8 0.0
2,4-DB 94826 20 |02 NS 03 4.3 NS 2.0 01 43.8 03 4.3 90.2
245TP 93721 02 |02 NS 03 0.4 NS 0.2 01 0.5 03 0.4 18.3
Dicamba 1918009 02 |02 NS 03 0.9 NS 0.2 01 41.6 03 0.9 97.9
Dichloroprop 120365 1.0 |02 NS 03 4.7 NS 1.0 01 18.3 03 4.7 74.3
MCPA 94746 500 |02 NS 03 182 NS 50.0 01 332 03 182 45.3
MCPP 7085190 50.0 |02 NS 03 288 NS 50.0 01 662 03 288 56.5
Picloram 1918021 05 |02 NS 03 2.5 NS 0.5 01 45 03 2.5 45.2
Terbuthylazine 5915413 50 |02 NS 03 28.4 NS 5.0 01 97.6 03 28.4 70.9
Dioxins/Furans
1234678-HpCDD 35822469 50.0 |02 NS 03 ND NS 50.0 01 ND 03 ND
pg/L pg/L
1234678-HpCDF 67562394 50.0 |02 NS 03 ND NS 50.0 01 ND 03 ND
pg/L pg/L
OCDD 3268879 | 100 02 NS 03 ND NS 100 01 ND 03 100
pg/L pg/L pg/L
OCDF 39001020 | 100 02 NS 03 ND NS 100 01 ND 03 ND
pa/L pa/L

Negative percent removal are recorded as 0.0.

NS:
ND:
DL:
SP:

Not Sampled
Non-detect

Specific detection limits of sample when there is a non-detect, otherwise it is the method detection limit

Sample point.
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Table 8-6: Treatment Technology Performance for Facility 4687 - Subtitle D Municipal

Single-Stage Reverse Osmosis Treatment System Only:

Entire Treatment System:

Pollutant of Interest CAS Sample Point 1 to 2 Sample Point 1 to 3
Subtitle D Municipal # Influent Effluent % Influent Effluent %
DL SP Conc. (ug/L) SP Conc. (ug/L) Removal DL SP Conc. (ug/L) SP Conc. (ug/L) Removal
Conventional
BOD C-002 | 2,000 01 1,182,000 02 54,000 95.4 | 2,000 01 1,182,000 03 5,400 99.5
TSS C-009 | 4,000 01 171,800 02 ND 97.7 | 4,000 01 171,800 03 ND 97.7
Noconventional
Ammonia as Nitrogen 7664417 10.0 01 58,480 02 13,600 76.7 10.0 01 58,480 03 608 99.0
COD C-004 | 5,000 01 1,526,000 02 72,200 95.3 | 5,000 01 1,526,000 03 11,400 99.3
Hexavalent Chromium 18540299 10.0 01 28.0 02 ND 64.3 10.0 01 28.0 03 ND 64.3
Nitrate/Nitrite C-005 50.0 01 1,300 02 666 48.8 50.0 01 1,300 03 502 61.4
TDS C-010 01 2,478,000 02 116,600 95.3 [10,000 01 2,478,000 03 ND 99.6
TOC C-012 | 1,000 01 642,600 02 25,000 96.1 [10,000 01 642,600 03 ND 98.4
Total Phenols C-020 50.0 01 1,262 02 316 75.0 50.0 01 1,262 03 62.8 95.0
Organics
1,4-Dioxane 123911 10.8 01 ND 02 ND 10.8 01 ND 03 ND
/14.9 /10.0
2-Butanone 78933 50.0 01 3,250 02 1,774 454 50.0 01 3,250 03 372 88.6
2-Propanone 67641 50.0 01 1,580 02 1,842 0.0 50.0 01 1,580 03 470 70.3
4-Methyl-2-Pentanone 108101 50.5 01 382 02 ND 86.8 50.0 01 382 03 ND 86.9
Alpha Terpineol 98555 10.0 01 44.5 02 ND 775 10.0 01 44.5 03 ND 775
Benzoic Acid 65850 50.0 01 7,685 02 96.3 98.8 50.0 01 7,685 03 ND 99.4
Hexanoic Acid 142621 10.0 01 5,818 02 118 98.0 10.0 01 5,818 03 ND 99.8
Methylene Chloride 75092 10.0 01 ND 02 ND 10.0 01 ND 03 ND
N,N-Dimethylformamide 68122 10.0 01 ND 02 ND 10.0 01 ND 03 ND
O-Cresol 95487 10.0 01 ND 02 ND 10.0 01 ND 03 ND
P-Cresol 106445 10.0 01 797 02 253 68.3 10.0 01 797 03 22.3 97.2
Phenol 108952 10.0 01 702 02 185 73.6 10.0 01 702 03 29.3 95.8
Toluene 108883 10.0 01 376 02 112 70.2 10.0 01 376 03 15.1 96.0
Tripropyleneglycol Methyl Ether 20324338 99.0 01 1,207 02 ND 91.8 99.0 01 1,207 03 ND 91.8
Metals
Barium 7440393 | 200 01 280 02 5.6 98.0 200 01 280 03 1.4 99.5
Boron 7440428 | 100 01 1,808 02 830 54.1 100 01 1,808 03 101 94.4
Chromium 7440473 9.0 01 ND 02 ND 9.0 01 ND 03 ND
Silicon 7440213 | 100 01 4,362 02 511 88.3 100 01 4,362 03 355 91.9
Strontium 7440246 | 100 01 1,406 02 ND 92.9 100 01 1,406 03 ND 92.9
Titanium 7440326 4.0 01 ND 02 ND 4.0 01 ND 03 ND
Zinc 7440666 10.9 01 ND 02 ND 10.9 01 ND 03 ND
/9.0 /10.0
Pesticides/Her bicides
Dichloroprop 120365 1.0 01 6.1 02 ND 83.6 1.0 01 6.1 03 ND 83.6
Disulfoton 298044 2.0 01 14.3 02 ND 86.1 2.0 01 14.3 03 ND 86.1
Dioxins/Furans
1234678-HpCDD 35822469 49.8 01 ND 02 NS NS 49.8 01 ND 03 NS NS
pg/L pg/L
OCDD 3268879 99.5 01 ND 02 NS NS 99.5 01 ND 03 NS NS
pa/L pa/L

Negative percent removal are recorded as 0.0.

NS: Not Sampled
ND: Non-detect

DL: Specific detection limits of sample when there is a non-detect, otherwise it is the method detection limit
SP:  Sample point.
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9.0 ENGINEERING COSTS

This chapter presents the costs estimated for compliance with the effluent limitations guidelines and
gandardsfor theLandfillsindustry. Section 9.1 providesadiscussion of the cost-estimation methodol ogies
consdered by EPA including eva uation of two cost-estimation models. Section 9.2 presentsadiscusson
of thetypesof cost estimates devel oped, whilein Section 9.3, the development of capital costs, operating
and maintenance (O& M) costs, and other related costsisdescribed in detail. Section 9.4 summarizesthe

compliance costs for each regulatory option considered by EPA.

9.1 Evaluation of Cost-Estimation Techniques

This section presents a discussion of the cost-estimation techniques considered by EPA, including
evauation of two cost-estimation models. In this section, the Agency presentsthe criteriaused to evaluate
these techniques as well as the results of a benchmark analysis to compare the accuracy of these

techniques. This section also presents the selected cost-estimation techniques.

911 Cost Models

EPA devel oped compliance-cost estimates for |eachate treatment systems to determine the economic
impact of theregulation. EPA hasidentified existing cost-estimation modelsto facilitate the devel opment
of compliance-cost estimates. Inamathematical cost model, variousdesign and vendor dataon avariety
of treatment technol ogies are combined and cost equations that describe costs asa function of system
parameters, such as flow, are developed for each treatment technology. Using these types of models
dlowsfor the generation of compliance-cost estimates for several regulatory optionsthat are based on the
iterative addition of treatment technologies and can assist EPA inthe selection of optionsasthe basisfor
the regulations.

EPA evauated the following two well-known cost models for use in developing costs:
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. Computer-Assisted Procedure for the Design and Evauation of Wastewater Treatment
Systems (CAPDET), developed by the U.S. Army Corps of Engineers.

. W/W Costs Program (WWC), Version 2.0, developed by CWC Engineering Software.

CAPDET isintended to provide planning level cost estimatesto analyze alternatives in the design of
wastewater treatment systems. Modules are used to devel op cost estimates for avariety of physical,
chemical, and biological treatment unit processesand can belinked together to represent entire treatment
trains. Equationsin each of these modules are based upon common engineering principles used for
wastewater treatment system design. The CAPDET algorithm generates a design based on input
parameters sel ected by the user, cal culates cost estimatesfor various treatment trains, and ranks them

based on present worth, capital, operating, or energy costs.

The WWC cost model was devel oped by Culp/Wesner/Culp from avariety of engineering sources,
including vendor supplied data, actual plant construction data, unit takeoffs from actual and conceptua
designs, and published data. The model cal culates cost estimatesfor avariety of individual treatment
technol ogy unitsthat can be combined together to devel op compliance-cost estimatesfor the complete
treatment systems. The WWC mode doesnot design each treatment technology unit but rather prompts
the user to provide design-input parametersthat form the basisfor the cost estimate. The WWC model
includes a separate spreadshect program that provides design criteriaguiddinesto assst in developing the
input parametersto the cost-estimating program. The spreadsheet includes treatment component design
equations and issupplied with default parameters that are based upon accepted design criteriausedin
wastewater treatment, to assist inthe design of particular trestment units. The spreadsheet dsoisflexible
enough to allow sdlected design parametersto be modified to estimate industry-specific factors accurately.
Once design inputs are entered into the program, the WWC model cal cul ates both construction and

operation and maintenance (O& M) costs for the selected wastewater treatment system.

9.1.2 Vendor Data

For certain wastewater trestment technology units, the cost modd wasnot considered the most accurate
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estimate of costs. For these instances, EPA determined that reported equipment and operation and

mai ntenance costs obtained directly from equipment vendors often can provide accurate cost estimates.

EPA provided information on landfill wastewater characteristicsto vendorsto determine the appropriate
treatment unit and accurate sizing. Quotes obtained from vendors included equipment costs that EPA
factored up to total capital coststo account for site preparation, mobilization costs, and engineering
contingencies. EPA aso obtained vendor quotesfor operation and maintenance codts, including utility usage
and cogt. The Agency used vendor quotesto determine cost curvesfor equaization, multi-mediafiltration,
granular activated carbon, breakpoint chlorination, and reverseosmosis. EPA based the cost curvesused
for these treatment technol ogies on direct vendor quotes, commercia costing guides, or cost information

developed from vendor quotesaspart of the Centralized Waste Treatment (CWT) effluent guiddineseffort.

9.1.3 Other EPA Effluent Guideline Studies

EPA reviewed other EPA effluent studies, such asthe Organic Chemicalsand Plasticsand Synthetic Fibers
(OCPSF) industry effluent guidelines, to obtain additiond costing background and supportiveinformation.
However, EPA did not use costs developed as part of other industrid effluent guiddinesin costing for this
industry, with the exception of the CWT effluent guideline data referenced in Section 9.1.2.

9.14 Benchmark Analysisand Evaluation Criteria

EPA performed benchmark analysesto evaluate the accuracy of each cost-estimation technique. This
benchmark analysis used reported costs provided in the 308 Questionnaires and compared them to costs
generated using each cost-estimation technique. EPA selected four landfill facilities (Questionnaire
| dentification numbers (QIDs) 16122, 16125, 16041, and 16087) with wastewater treatment systemsfor
the benchmark analysis. The agency devel oped cost estimatesfor wastewater treatment units that make
up the treatment systems at these landfill facilities using the WWC and CAPDET models and vendor
guotes. Next, EPA compared these cost estimates to the reported component costs provided in the 308
Questionnaires to evaluate the accuracy of each methodology in estimating capital and operation and
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mai ntenance costs. Thiscost comparisonispresented in Table 9-1. Treatment technol ogiesthat EPA used

in this benchmark analysis include the following:

. egualization,

. chemical precipitation,
. activated dludge,

. sedimentation, and

. multi-mediafiltration.

EPA also benchmarked cost estimates devel oped using these techniques against reported costs for
wastewater treatment systemsthat included equalization, chemica precipitation, and multimediafiltration
and were obtained from industrial waste combustor facilities as part of that effluent guidelines effort. EPA
believes that the wastewater characteristics being treated by these treatment systems, i.e., inorganic
contaminants and solids in an uncomplexed matrix, are smilar for both landfills and industrial waste
combustor facilities and that this additional comparison provides a more thorough evaluation of the
Agency’ s cost-estimation methodologies. Table 9-2 presents a comparison of the capital and O&M costs
obtained for the wastewater treatment systems at four industrial waste combustor facilities to the cost

estimates obtained using each technique, i.e., the WWC and CAPDET models, and vendor quotes.

AsshowninTables9-1 and 9-2, EPA has determined that, based on the results of the benchmark andyses
for both data sources, the WWC model generated cost estimates that are cons dered more accurate than
the CAPDET model when compared to reported treatment technology costs as provided in 308
Questionnaireresponses. Indl instances, the WWC modd estimated the more accurate trestment system
capital and O& M costs as compared to CAPDET and vendor costs. For severd facilities, such asQIDs
16087, 16122, and 16125, the WWC model generated capital costs to within 32 percent of costs
provided in the questionnaires. EPA estimated O& M costsfor severa facilities, including QIDs 16041,
16087, and 16122, to within 18 percent of costs provided in the 308 Questionnaires.

EPA used thefollowing criteriato evaluate each cost-estimation technique and to select the appropriate

option for devel oping a methodology for estimating compliance costs for the Landfills industry:
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. Does the model contain costing modules representative of the various wastewater
technologiesin use or planned for use in the Landfills industry?

. Can the model produce costs in the expected flow range experienced in thisindustry?
. Can the model be adapted to cost entire treatment trains used in the Landfills industry?
. Issufficient documentation avail ableregarding the assumptionsand sources of dataso that

costs are credible and defensible?

. Isthemodel capable of providing detailed capital and operation and maintenance costs
with unit-costing breakdowns?

. Isthemode capable of atering thedefault design criteriain order to accurately represent
reported design criteriaindicative of the Landfills industry?

9.15 Selection of Final Cost-Estimation Techniques

Based upon the results of the benchmark andlysis, EPA sdlected the WWC mode for estimating costs for
the mgority of the treetment technologiesthat form the basisfor BPT/BAT/NSPS effluent limitationsand
standards. The Agency determined that the WWC model is capable of producing accurate capital and
O&M costsfor awide range of treatment technologies. EPA found that the CAPDET mode was not
capable of generating cost estimates for many of the technologiesthat form the basisfor BPT/BAT/NSPS
effluent limitations and standardsfor the Landfillsindustry, and the Agency determined that it was not
accuratein estimating technology costsfor landfill facilities. Therefore, EPA decided not to usethe

CAPDET model for estimating compliance costs.

EPA has determined that the WWC model best satisfiesthe selection criteria. The program can estimate
costsfor awiderange of typica and innovative trestment technol ogies and can combinethese costs of each
technology to develop system costs. Since the WWC model is acomputer based program, it readily
dlowsfor theiterative devel opment of costsfor anumber of facilitiesand regulatory options. Theprogram
utilizes cost modulesthat can accommodate the range of flows and design-input parameters needed to

develop cost estimatesfor landfill facilities. Cost estimates generated by thismodel are based upon a
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number of sources, including actual construction and operation costs, a ong with published data, and are
presented in abreakdown summary table that contains unit costisand totals. Findly, the WWC modd can
be adapted to estimate costs based upon specified design criteria and wastewater flow rates.

EPA notesthat there were particular technologies for which the WWC model did not produce accurate
cost estimates. Thesetechnologiesincluded equdization, multimediafiltration, granular activated carbon,
breakpoint chlorination, and reverse osmosis. In some low-flow situations, costs devel oped for these
treatment technol ogieswere excessively high as compared toindustry provided costsin 308 Questionnaire
responses. For these technologies, EPA determined that vendor quotes provided amore accurate estimate
of compliance costsand would be used inthefinal engineering costing methodol ogy for thesetechnologies.

In addition, in asalect few cases, EPA determined that it would be more economically feasible for some
facilitiesto truck/pipetheir wastewater off-site for treatment than to construct and maintain their own
wastewater treatment system. Thesefacilitieshad extremely low average daily flow rates (50 gallonsor
less); therefore, EPA substituted an off-sitedisposal cost for CWT treatment for BPT/BAT capital and O
& M costs (see als0 9.2.6).

9.2 Engineering Costing M ethodology

This section presents the costing methodol ogy used to devel op treatment costsfor BPT, BCT, and BAT
optionsfor the Landfillsindustry. This section aso presents a description of additional costs, such as
monitoring costs, that EPA developed. The following discussion presents a detailed summary of the
technica approach used to estimate the compliance cogtsfor each landfill facility. The Agency devel oped
total capital and annual operation and maintenance costsfor each facility in its databaseto upgrade its
exiding wasteweter trestment system, or to ingtal new treatment technologies, to comply with thelong term
averagesfor each regulatory option. Development of the long-term averagesisdiscussed in Chapter 11
of thisdocument and in the Statistical Support documents. EPA costed facilities primarily usng the WWC

modd and, on occasion, from cost curves devel oped from vendor quotes. Table 9-3 presents abreakdown
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of the cost-estimation method used for each treatment technology. EPA developed additiond costs for
monitoring, Resource Conservationand Recovery Act (RCRA) permit modifications, andresdud disposd.
The Agency devel oped totd facility compliance costsunder each BPT, BCT, and BAT option by adding
treatment costswith these additional costs. EPA did not develop cost estimatesfor zero or alternative
discharge facilitiesfor any of the regulatory options (with the exception of somelow flow facilities, see
9.2.5).

921 Treatment Costing M ethodology

The methodology used to develop facility-specific BPT, BCT, and BAT option-compliance costsis
presented graphicdly on theflow diagramin Figure 9-1. EPA costed facilitiesfor an entire new treatment
system, whether or not they had existing treatment at the facility, if the collected flow subject to this

guideline was less than 85 percent of the total facility flow rate.

For eachregulatory option, EPA eval uated each landfill facility inthe Detailed Questionnaire databaseto
determineif thefacility would incur costsin order to comply with the regulations. EPA compared the
current discharge concentrations of thefacility’ s effluent with the long-term averages from each regulatory
option. If the facility’s current discharge concentration was less than the long-term average, EPA
consdered it to bein compliance. A facility consdered to bein compliance was projected to incur costs
only for additional monitoring requirements. If afacility wasnot in compliance but had treatment unit
operationsin-place capable of complying with thelong-term averages, EPA costed thefacility for system

upgrades that would bring the facility into compliance.

For facilitiesthat did not have BPT/BCT/BAT treatment systemsor the equivaent, the Agency developed
cost estimatesfor the additional unit operationsand/or system upgrades necessary to meet eachlongterm
average. Facilitiesthat were aready closeto compliancewith thelong-term averagesonly required an
upgradeto achieve compliance with limitationsfor aregulatory option. EPA devel oped upgrade costs

using the WWC modd whenever possible and included either additiona equipment to beingtaled as part

9-7



of an existing wastewater treatment system, expansion of existing equipment, or operationa changes.
Examplesof upgrade costsinclude such itemsas new or expanded chemical feed systemsand improved
or expanded aeration systems. |If afacility had no treatment system (or onethat could not achieve desired
level swith upgradesor minor additions) the Agency devel oped cost estimatesfor anentireBPT/BCT/BAT
treatment system for that facility.

Thefirg step in using the WWC model was to use the design-criteria guidelines spreadsheet to develop
input parameters for the computer program. EPA used reported pollutant oadings from the facility
whenever possible. If pollutant loadings were not available for a particular parameter, EPA used the
estimates of pollutant concentrationsin untreated landfill wastewater (see Chapter 6). The Agency dso
used thefacility'sbasdlineflow rate and the regul atory option long-term averagesin the design of the unit
operation. Certain parameterssuchasBOD,, TSS, and ammoniaare used directly in the WWC model
and thedesign-criteriaguideline spreadsheet to design the various treatment unit operations. EPA sdected
metasthat wereincluded as pollutants of interest to assst in the design of chemica precipitation systems.
The metalsto be treated typicaly control the type and amount of precipitating agents, which govern the
chemical feed system design. A more detailed discussion of the design parameters and costs associated

with individual treatment technologies is presented in Section 9.3.

The design parameters from the design-criteria spreadsheet then were input in the WWC model to
generateingtdled capitd and O& M costs. O& M cogtsfor treatment chemicals, labor, materids, eectricity,
and fud areincluded inthe WWC modd O&M costs. Trestment costs devel oped using the WWC model
were corrected to 1992 dollars using the Engineering News Record published indexes. After EPA
developed theinstalled capital and annual O& M costsfor each facility, it applied selected cost factors, as
shown in Table 9-4, to the results to develop total capital and O& M costs.

To complete the estimation of compliance costs for each regulatory option, EPA developed cost estimates

for other than treatment component costs. The assessment must take into account other costs associ ated



with compliance with the effluent limitations guidelines and standards, including the following:

. land,

. residual disposal,

. RCRA permit modifications, and
. monitoring.

Each of these additional costs are further discussed and defined in the following sections.

The Agency developed fina capital costsfor each facility and then amortized them using aseven percent
interest rate over 15 years. EPA the added this annudized capitd cost to the annua O&M cost to develop

atotal annual cost for each regulatory option.

9211 Retrofit Costs

EPA applied aretrofit cost factor when additional equipment or processes were required for existing
systems. Retrofit costscover the need for system modifications and components, such aspiping, vaves,
controls, etc., that are necessary to connect new treatment units and processesto an existing treatment

facility. EPA estimated retrofit costs at 20 percent of the installed capital cost of the equipment.

922 Land Costs

EPA did not includeland costsinthisanalysisbecauseit determined that landfills have adequate land to
accommodate additional treatment systems. Typically, thesize of therequired trestment systemissmall
when compared to theland areaoccupied by landfills. Landfills, asrequired by regulation and permit, have
buffer zones around thefill areas. New treatment systems, or upgrades to an existing system, can be

installed readily in this buffer zone or elsewhere at the landfill without the need to acquire new land.

9.2.3 Residual Disposal Costs

For each of the proposed treatment system additions or upgrades, EPA estimated a cost for residual
disposal. The Agency used two approaches: thefirst addressed facilitieswith current sludge-handling
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capabilities, while the second addressed facilities without current Sludge handling capabilities. EPA
prepared residual disposal costs on an annualized basis and added to the total O& M costs.

For facilitieswith dudge-handling capabilities, EPA evaluated the present solidstreatment/dewatering
system to determineif it was capable of handling the additional dudge expected to be produced under a
particular regulatory option. For facilitieswith insufficient cgpacity to handlethe additiona solidsloadings,
EPA deve oped upgrade costs for dudge conditioning and dewatering to account for the additional solids.
For facilitieswith sufficient solidstreatment capability, the Agency did not provide additional Sudge-
treatment costs. For facilitieswithout ingdled dudge conditioning and dewatering facilities, EPA developed

cost estimates for a sludge conditioning and dewatering systems.

Dewatered dudge is assumed to be disposed of on-sitein the landfill. EPA's cost estimate aso includes

the costs associated with the handling and transportation of the sludge to the on-site landfill.

9.24 Monitoring Costs

EPA developed costsfor the monitoring of treatment system effluent for direct dischargers. The Agency

based the costs upon the following assumptions:

C Monitoring cogtsare based on the number of outfallsthrough which leachate/ground water
isdischarged. Thecostsassociated withasingle outfall ismultiplied by thetotal number
of outfalsto arrive at thetota cost for afacility. Monitoring costs estimated by EPA are
incremental to the costs already incurred by the facility.

C The capital costs for flow-monitoring equipment are included in EPA's estimates.
C Sample-collection costs (equipment and labor) and sampl e shipment costsare not included

in EPA's estimates because EPA assumesthat the facility is aready conducting these
activities as part of its current permit requirements.
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Based upon areview of current monitoring practices at landfills, many conventiona and nonconventiona
parameters, aswell as several metas, are already being monitored on aroutine basis. EPA developed
monitoring costs based upon BOD, and TSS monitoring 20 times per month and weekly monitoring of
ammoniaand other toxic and nonconventional pollutants. In general, these frequencies are higher than

currently required. Table 9-5 presents the monitoring cost per sample for the landfill facilities.

9.25 Off-Site Disposal Costs

EPA evaluated whether it would be more cost effective for small-flow facilities to have their landfill
wastewater hauled off site and treated at a centralized waste treatment facility, as opposed to on-site
treatment. EPA compared total annua costs for new or upgraded wastewater treatment facilitiesto the
costsfor off-ste treatment at a centraized waste treatment facility. Off-gte disposal costs were estimated
at $0.25 per gallon of wastewater treated. EPA added transportation costs to the off-site treatment costs
at arate of $3.00 per loaded mile using an average distance of 250 milesto the treatment facility. The
Agency based transportation costs upon the use of a5,000-gallon tanker truck load. Facilitiesthat treat
their wastewater off Site are considered zero or aternative dischargers and, hence, do not incur ancillary
costssuch asresidud disposal, monitoring and permit modifications. EPA then used the lower of the two
codsfor either on-gte or off-gtetreatment. Table 9-6 presentsthefacilitiesthat EPA costed using off-dte
treatment.

9.3 Development of Cost Estimatesfor Individual Treatment Technologies

In Chapter 8, EPA identified and described the wastewater control and treatment technologies used in the
Landfillsindustry. Thefollowing sectionsdescribe how EPA developed cost estimatesfor each of the
treatment technologiesused in theregulatory options. Specific assumptions regarding the equipment used,
flow ranges, input and design parameters, design, and cost calculations are discussed for each treatment
technology. Table9-3, previoudly referenced, presented the method used to estimate costsfor each of
treatment technologiesused inthe BPT, BCT, and BAT options. Table 9-7 presentsasummary of the
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cost-estimation techniques for each treatment technology for the BPT, BCT, and BAT regulatory options,

including the WWC treatment module numbers.

To facilitate the costing of many facilities, EPA developed capital and O& M cost curves for specific
technol ogies and system components. The Agency developed these curves, which represent cost asa
function of flow rate or other system design parameters, using acommercia Statistica software package
(SlidewritePlusVersion 2.1). First, EPA devel oped costs using the WWC model for each technology or
component using, asadesign bass, five different flow rates or other system design parameters (depending
upon the governing design-parameter). For instance, atechnology costed on the basis of flow would have
costs estimated using the WWC mode at 0.01 million gallons per day (MGD), 0.05 MGD, 0.1 MGD, 0.5
MGD, and 1.0MGD. EPA based the rangesfor the five sel ected points upon areview of the flow- or
technology-design parametersfor landfill facilitiesand selected them to represent the range from low to
high. Next, EPA entered these five data points (flow/design parameter and associated cost) into a
commercid datistical software program. EPA devel oped cost curvesto modd thetota capitd and O& M
costs by the program using curvefitting routines. EPA used a second-order natural-log equation format
to develop al curves. All cost curvesyielded total capital and O&M costs, unless otherwise noted.

9.3.1 Equalization

EPA conducted areview of questionnaireresponsesto determinethetypical hydraulic detention timefor

equalization. Based upon of review of industry-furnished data, EPA selected adetention time of 48 hours.

EPA based equalization costsdevel oped for each regulatory option on published pricequotesfor storage
tanks. These costsweretaken from the 1996 Environmental Restoration Unit Cost Book published by
R.S. Means, Inc. EPA devel oped acost curve asafunction of flow from thesetank quotes. The Agency
based congtruction costs upon published datafor an above-ground circular stedl tank. EPA asoincluded
additiona costsassociated with awastewater pumping system and diffused aeration to provide sufficient
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mixing of tank contentsto prohibit settling. The capital cost curve developed for equdization is presented
as Equation 9-1 and is graphically presented in Figure 9-2.

Capital Costs
In(Y) = 15.177382 + 1.981547In(X) + 0.15768In(X)> (9-1)

where:
X = Flow Rate (MGD), and
Y = Capital Cost (1992 $)

The O&M cost for the equation was taken as a function of the capital cost and is based upon 10 percent
of thetotal capital cost per year.

9.3.2 Flocculation

EPA developed acost curve for flocculation usng WWC unit process 72.  Costsfor flocculation were
afunction of flow at ahydraulic detention time of 20 minutes. Thecapita and O& M cost curvesdevel oped

for flocculation are presented below as Equations 9-2 and 9-3:

Capital Costs

In(Y) = 11.744579 + 0.633178In(X) - 0.015585In(X)? (9-2)
O& M Costs

In(Y) = 8.817304 + 0.533382In(X) + 0.002427In(X)? (9-3)

where:
X = Flow Rate (MGD), and
Y = Cost (1992 $)
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Figures 9-3 and 9-4 graphically present the flocculation capital and O& M cost curves, respectively.

EPA based cost estimatesfor floccul ation basins on rectangul ar-shaped, reinforced concrete structureswith
adepth of 12 feet and length-to-width ratio of 4:1. The Agency used common wall congtruction wherethe
total basin volume exceeded 12,500 cubic feet. Vertical-turbineflocculators have higher structural costs
than horizontal paddle flocculators because they require structural support above the basin. Horizonta
paddlesarelessexpensiveand moreefficient for useinlarger basins, particularly when tapered flocculation
ispracticed. EPA based manufactured equipment costs on aG vaue 80 (G isthe mean tempora velocity
gradient that describes the degree of mixing; i.e., the greater the value of G the greater the degree of
mixing). EPA based cost estimatesfor drive unitson variable speed drivesfor maximum flexibility and,
although common drives for two or more parallel basins are often utilized, EPA based the costs on

individual drivesfor each basin.

Energy requirements are based on a G vaue 80 and an overall motor/mechanism efficiency of 60 percent.
The Agency based labor requirements on routine operation and maintenance of 15 minutes/day/basin

(maximum basin volume 12,500 cubic ft.) and a4-hour oil change every 6 months.

9.3.3 Chemical Feed Systems

Thefollowing section presents the methodol ogy used to caculate the chemicd -addition feed rates used with
each applicable regulatory option. Table 9-8 isabreakdown of the design process used for each type of
chemical feed. Chemical costsweretaken from the September 1992 Chemical Marketing Reporter and
are presented in Table 9-9.

For facilitieswith existing chemicd precipitation systems, EPA eva uated the system to determineif it was
achieving the regulatory option long-term averages. If the existing system was achieving long-term
averages, no additiona chemical costswere necessary. However, if thefacility was not achieving thelong-
term averagesfor an option, EPA estimated costsfor an upgrade to the chemical precipitation system.
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Firg, EPA determined the stoichiometric requirements to remove each meta pollutant of interest to the
long-termaverage level. |If the current feed rates were within the caculated feed rates, no additiona costs
were caculated. For facilities currently feeding less than the cal culated amounts, EPA estimated costs for
anupgradeto add additiona precipitation chemicals, such asacoagulant, or expand their existing chemical
feed system to accommodate larger dosage rates.

EPA cogted facilities without an indaled chemicd precipitation system for an entire meta's precipitation
system. The Agency based the chemical feed rates used at a particular facility for either an upgrade or a
new system upon stoichiometric requirements, pH adjustments, and the buffering ability of the raw influent.

Inthe CWT industry guideline, EPA determined that the stoichiometric requirementsfor chemica addition
far outweighed the pH and buffer requirements. EPA determined that 150 percent of the stoichiometric
requirement would sufficiently account for pH adjustment and buffering of the solution. The Agency
included an additiona 50 percent of the stoichiometric requirement to react with metas not on the pollutant
of interegt ligt. Findly, EPA added an additiona 10 percent increase from the stoichiometric amount as
excess. A tota of 210 percent of the stoichiometric requirement was estimated when calculating costs for
chemicd addition systems.

Sodium Hydroxide Feed Systems

The stoichiometric requirement for either lime or hydroxide to remove a particular metd is based upon the
following generic equation:

- IbM removed val enceM IVlvvtreatment chemical
Ibtreatment chemical
MW, valence,, .

where, M is the target metd and MW is the molecular weight.
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The cal culated amounts of sodium hydroxide to remove apound of each of the selected metal pollutants

of concern are presented in Table 9-10.

EPA deve oped sodium hydroxide chemica feed system costs for many facilities using the WWC mode.
The Agency used reported facility loadings to establish the sodium hydroxide dosage requirement. WWC
unit process 45 was used to develop capital and O& M costs for sodium hydroxide feed systems. The
capital and O& M cost curves devel oped for sodium hydroxide feed systemsbased upon the calculated
dosage are presented as Equations 9-4 and 9-5, respectively.

Capital Costs

In(Y) = 10.653 - 0.184In(X) + 0.040In(X)? (9-9)

O& M Costs

In(Y) = 8.508 - 0.0464In(X) + 0.014In(X)? (9-5)
where:

X = Dosage Rate (Ib/day), and
Y = Cost (1992 $)

Figures9-5 and 9-6 graphically present the sodium hydroxide feed system capital and O& M cost curves,
respectively.

EPA based cost estimates for asodium hydroxide feed system on WWC unit process 45 for asodium

hydroxide feed rate of between 10to 10,000 Ib/day. EPA based costs on dry sodium hydroxide addition

when rates were less than 200 Ib/day and on liquid sodium hydroxide when feed rates were higher.
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The WWC mode assumesthat dry sodium hydroxide (98.9 percent pure) isdelivered in drums and mixed
toa10 percent solution onsite. A volumetric feeder is used to feed sodium hydroxide to one of two tanks:
one for mixing the 10 percent solution and one for feeding. Two tanks are necessary for this process
because of the dow rate of sodium hydroxide addition due to the high heat of solution. Eachtank is
equipped with amixer and a dua-head metering pump, used to convey the 10 percent solution to the point
of gpplication. Pipeand valving isrequired to convey water to the dry sodium hydroxide solution mixing

tanks and between the metering pumps and the point of application.

A 50 percent sodium hydroxide solution is purchased premixed and delivered by bulk transport for feed
rates greater than 200 |b/day. The 50 percent solution contains 6.38 pounds of sodium hydroxide per
galon and isstored for 15 daysin fiberglassreinforced polyester (FRP) tanks. Dual-head metering pumps
are used to convey theliquid solution to the point of application, and astandby metering pump isprovided
in all systems. The storage tanks are located indoors, since 50 percent sodium hydroxide begins to

crystallize at temperatures below 54EF.

Phosphoric Acid Feed Systems

Inthe Subtitle C Hazardous subcategory, phosphoric acid isnecessary to neutraizethewaste stream and
to provide phosphorus to biological treatment systems.

EPA costed the phosphoric acid feed system using the WWC unit process 46. EPA determined that the
amount of phosphoric acid necessary to provide nutrient phosphorus was the controlling factor over the
amount required for pH adjustment. EPA used aratio of BOD, removed to the amount of phosphorus
present in the influent waste stream (100 pounds BOD, removed to one pound phosphorus) to determine
the amount of phosphoric acid to be added as anutrient feed to abiological treatment system. To alow
for solution buffering, 10 percent excess phosphoric acid was added. The capital and O&M cost curves
developed for phosphoric acid feed systems based upon the cal cul ated dosage are presented as Equations
9-6 and 9-7, respectively.
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Capital Costs

In(Y) = 10.042 - 0.155In(X) + 0.049In(X)? (9-6)
O&M Costs
In(Y) =7.772 - 0.086In(X) + 0.041In(X)? (9-7)

where:
X = Dosage Rate (gpd), and
Y = Cost (1992 $)

Figures9-7 and 9-8 graphically present the phosphoric acid feed system capital and O& M cost curves,
respectively.

EPA based cogts on systems capabl e of metering 93 percent concentrated acid from astorage tank directly
to the point of application. For feed rates up to 200 gpd, the concentrated acid is delivered in drums and
stored indoors. At higher flow rates, the acid is delivered in bulk and stored outdoors in FRP tanks.
Phosphoric acid is stored for 15 days and a standby metering pump is included for all installations.

Polymer Feed Systems

EPA used WWC unit process 34 to cost for polymer feed systems based upon adosage rate of 2 mg/L.
Although this module estimates costs for aliquid alum feed system, EPA determined that the costs
generated by this module were more reasonable and accurate in devel oping polymer system cogts than the
WWC unit process43 for polymer feed systems. The capital and O& M unloaded cost curves devel oped
for polymer feed systems are presented as Equations 9-8 and 9-9, respectively.

Capital Costs
In(Y) = 10.539595 - 0.13771In(X) + 0.052403In(X)? (9-8)
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O& M Costs
In(Y) =9.900596 + 0.99703In(X) + 0.00019In(X)? (9-9

where:
X = Dosage Rate (Ib/hr), and
Y = Cost (1992 $)

Figures 9-9 and 9-10 graphically present the polymer feed system capital and O&M cost curves,
respectively.

Polymer isstored for 15 daysinfiberglass-reinforced polyester tanks. For smaller installations, thetanks
arelocated indoorsand | eft uncovered and, for larger installations, thetanks are covered and vented, with
insulation and heating provided. Dud-head metering pumpsddiver the polymer from the toragetank and
metersthe flow to the point of application. Feed costsinclude 150 feet of 316 stainless stedl pipe, along
with fittings and vaves for each metering pump. A standby metering pump isincluded for each indtalation.

9.34 Primary Clarification

EPA devel oped cost curvesfor primary clarification using WWC unit process 118 for arectangular basin
with al2foot sidewall depth. EPA based costsfor primary clarification upon afunction of flow at an
overflow rate of 900 gallons per day per square feet tank size. The capital and O&M cost curves
developed for primary clarification are presented as Equations 9-10 and 9-11, respectively.

Capital Costs

In(Y) = 12.517967 + 0.575652In(X) + 0.009396In(X)? (9-10)
O& M Costs

In(Y) = 10.011664 + 0.268272In(X) + 0.00241In(X)? (9-11)
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where:
X = Flow Rate (MGD), and
Y = Cost (1992 $)

Figures 9-11 and 9-12 graphically present the primary clarification capital and O& M cost curves,
respectively.

EPA based estimated costs on rectangular basinswith a 12 feet side water depth (SWD) and chain-and-
flight dudge collectors. Costsfor the structure assumed multiple unitswith common wall construction and
includethe chain-and-flight collector, collector drive mechanism, weirs, thereinforced concrete structure
completewithinlet and outlet troughs, ad udge sump, and dudge-withdrawal piping. Y ard pipingtoand

from the clarifier is not included in the cost estimates.

9.35 Activated Sludge Biological Treatment

EPA based costsfor biologica trestment systems using the activated dudge process usng the WWC unit
process 18 for arectangular aeration basin with an 10 foot SWD. EPA determined basin Sizeusing a24

hour hydraulic detention time using Equation 9-12.

X = ((24 Hours x 3600) x (Z))/1,000 (9-12)

where:
X = Basin Volume (1,000 cu ft)
Z = Flow Rate (cfs)

The WWC model assumes zero O& M costs for the aeration basins only. The unloaded (without
engineering cost factors applied) capital cost curve developed for aeration basinswith an 10 foot SWD
is presented as Equation 9-13.
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In(Y) = -1.033901 + 3.722693In(X) - 0.197016In(X)? (9-13)

where:
X = Basin Volume (in thousands of cubic feet), and

Y = Capital Cost (1992 $)

Figure 9-13 graphically presents the aeration basin capital cost curve.

Aeration using diffused air was costed for the basin using WWC unit process 26 and reported facility
loading conditions. EPA cal culated aeration requirements using the facility BOD, and ammonialoadings
using Equation 9-14.

X = ((A + B)/0.075 x C x 0.232 x 1440)/1,000 (9-14)

where:
X = Air Requirement (1,000 standard cubic feet per minute [scfm])
A =BOD, to Aeration Basin (Ib/day) based on 1.8 |b O,/Ib BOD; influent
B = Ammoniato Aeration Basin (Ib/day) based on 4.6 |b O,/Ib ammoniainfluent
C = Transfer Efficiency at 9 percent

The unloaded capitd and O&M cost curves developed for air diffusion systems are presented as Equations
9-15 and 9-16, respectively.

Capital Costs
In(Y) = 11.034417 + 0.992985In(X) - 0.002521In(X)? (9-15)
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O& M Costs
In(Y) = 9.497546 + 0.549715In(X) - 0.004216In(X)? (9-16)

where:
X = Air Regquirement (1,000 scfm), and
Y = Cost (1992 $)

Figures 9-14 and 9-15 graphically present the air diffusion system capital and O&M cost curves,
respectively.

The cogtsfor aeration basinsinclude al equipment, piping, eectrical, and labor for ingtalation. Theair-
supply system costsinclude piping from air source to aeration basin, blowers, controls, and housing.
Aeration-basin cost estimates include excavation, concrete walkways, in-basin process piping, and
handrailsand attendant costs, but excludesthe cost of aeration equipment, el ectrical and instrumentation
work. EPA consdered providing for heated aeration basinsfor facilities|ocated in cold-weether climates.
Based upon data collected by EPA, biologica treatment of landfill generated wastewater wasnot adversaly
affected by climate conditions.

9.3.6 Secondary Clarification

EPA developed cost curvesfor secondary clarification using WWC unit process 118 for arectangular
basin with a 12 foot side wall depth with chain-and-flight collectors. EPA based costsfor secondary
clarification upon afunction of flow, at an overflow rate of 900 gallons per day per squarefeet tank size.
Thecapital and O& M cost curves devel oped for secondary clarification are presented as Equations 9-17
and 9-18, respectively.

Capital Costs
In(Y) = 12.834601 + 0.688675In(X) + 0.035432In(X)? (9-17)
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O& M Costs
In(Y) = 10.197762 + 0.339952In(X) + 0.015822In(X)? (9-18)

where:
X = Flow Rate (MGD), and
Y = Cost (1992 $)

Figures 9-16 and 9-17 graphically present the secondary clarification capital and O&M cost curves,
respectively.

Cogtsfor the structure assumed multiple unitswith common wall congtruction, and include the chain-and-
flight collector, collector drive mechanism, weirs, the reinforced concrete structure, complete with inlet and
outlet troughs, adudge sump, and dudge-withdrawal piping. Y ard piping to and fromthe clarifier isnot
included in the cost estimates.

937 Multimedia Filtration

EPA developed cost curves asafunction of flow rate for amultimediafiltration system using vendor-
supplied quotes. The Agency developed cost curves as part of the CWT effluent guidelineseffort. The
capital and O& M cost curves developed for multimediafiltration are presented as Equations 9-19 and 9-
20, respectively.

Capital Costs
In(Y) = 12.265 + 0.658In(X) + 0.036In(X)? (9-19)

O&M Costs
In(Y) = 10.851 + 0.168In(X) + 0.018In(X)? (9-20)
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where:
X = Flow Rate (MGD), and
Y = Cost (1992 $)

Figures 9-18 and 9-19 graphically present the multimediafiltration capital and O& M cost curves,
respectively.

Thetotd capitd costsfor the multimediafiltration systemsrepresent equipment and indtallation costs. The
total construction cost includesthe costsof thefilter, instrumentation and controls, pumps, piping, and
ingtdlation. Theoperation and maintenance costsincludeenergy usage, maintenance, labor, and taxesand
insurance. Energy costsinclude dectricity to run the pumps, lighting, and instrumentation and controls. The

labor requirement for the multimedia filtration system was four hours per day.

9.3.8 Reverse Osmosis

EPA deveoped capitd and O&M cost curvesasafunction of flow ratefor reverse osamosistrestment using
vendor supplied quotes. EPA based costs on one single-pass system using disk tube modul e technol ogy.

The capital cost curve developed for reverse osmosis is presented as Equation 9-21.

In(Y) = 14.904 - 0.0142In(X) - 0.0687In(X)? (9-22)
where:

X = Flow Rate (MGD), and

Y = Capital Cost (1992 $)

Figure 9-20 graphically presentsthereverse osmosis capital-cost curves. Based upon vendor supplied
costs, O&M costs were taken at $0.02/gallon.
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Costsfor astandard reverse osmosissystem generally includethefollowing components: filter booster
pump, sand or carbon filter, cartridge filter, high-pressure pump and control system, reverse osmosis
modul e permestors, purewater deacidificationfilter, in-built closed circuit cleaning system, automatic pure
water membrane flushing system, power and control system with microprocessor, full instrumentation and
measurement equipment, comprehensive fail-safe system, fault indication, and modular skid frame
congtruction. Thecostsdid not takeinto account thefollowing optiona equipment: main raw-water supply
pump, purewater tank and distribution pump, chlorinedosing system, ultra-violet disinfection system,

contai nerized/mobile systems, self-contained power supply, and anti-magnetic systems.

9.3.9 Sludge Dewatering

EPA based costs estimated for Sludge dewatering upon sudge-drying beds. EPA costed each facility
separately using the WWC unit process 128. EPA based the required bed area upon influent
characteristics at aloading of 15 gallons per day of sudge per square foot bed area.  EPA calculated
drying bed area using Equation 9-22.

X = (A x 365)/B (9-22)

where:
X = Area(sq ft)
A =Total Dry Solids (Ib/day) based on 0.8 |b solids/Ib BOD; influent
B =15 Ib per year dudge/sq ft

Theunloaded capital and O& M cost curvesdevel oped for dudge-drying beds are presented as Equations
9-23 and 9-24, respectively.

Capital Costs
In(Y) = 4.488639 + 0.716471In(X) + 0.000005311In(X)? (9-23)
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O& M Costs
In(Y) = 6.95049 + 0.33155In(X) + 0.002882In(X)? (9-24)

where:
X = Area(sq ft), and
Y = Cost (1992 $)

Figures 9-21 and 9-22 graphically present the sudge-drying bed capital and O&M cost curves,
respectively.

Included in the costs are d udge-distribution piping, nineinches of sand mediaoverlying nineinchesof grave
media, two foot concrete dividers between beds, and an underdrain system to remove percolating water.

EPA excluded land costs from the cost estimates.

Energy requirements are based on thefollowing: afront-end loader to remove dried dudge from the beds
and prepare the bed for the next dudge application, cleaning and preparation time of 3 hoursfor a4,000
square foot bed, diesel fuel consumption of 4 gallons per hour, and 20 cleanings/bed/year.

9.3.10 Granular Activated Carbon

EPA deve oped cost curvesas afunction of flow rate for agranular activated carbon (GAC) system using
vendor-supplied quotes. EPA estimated the capital and O& M costs for GAC using the “ Power Plant
Wagtewater Treatment Technology Review Report”, Electric Power Research Indtitute (EPRI), November
1996, Exhibits A3-1 and D3-1, respectively, and supplemented using “ Technol ogies and Costs for
Removd of Arsenicfrom Drinking Water”, Office of Ground Water and Drinking Water, EPA, Draft July
1998. Thecapital and O& M cost curves devel oped for GAC adsorption are presented as Equations 9-25
and 9-26, respectively.
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Capital Costs

In(Y) = 12.772 + 0.457In(X) - 0.025In(X)? (9-25)
O&M Costs
In(Y) =9.691 - 0.224In(X) - 0.041In(X)? (9-26)

where:
X = Flow Rate (MGD), and
Y = Cost (1992 $)

Figures 9-23 and 9-24 graphically present the GAC adsorption capital and O&M cost curves,
respectively.

The total capital costs for the GAC systems represent equipment and installation costs. The totd
construction cost includes the costs of the GAC, instrumentation and controls, pumps, piping, and
installation. The operation and maintenance costsinclude carbon replacement/disposal, energy usage,
maintenance, labor, and taxes and insurance. Energy costsinclude dectricity to run thepumps, lighting,

and instrumentation and controls. The labor requirement for the GAC system was four hours per day.

9.3.11 Breakpoint Chlorination

EPA developed cost curves asafunction of flow rate for abreakpoint chlorination system using vendor-
supplied quotes. EPA extrapolated cost estimates for breakpoint chlorination from data supplied by the
EPA Office of Ground Water and Drinking Water report. The capitd and O&M cost curves devel oped
for abreakpoint chlorination system are presented as Equations 9-27 and 9-28, respectively.

Capital Costs
In(Y) = 12.219 + 0.051In(X) - 0.045In(X)? (9-27)
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O& M Costs
In(Y) =12.881 + 0.923In(X) + 0.053In(X)? (9-28)

where:
X = Flow Rate (MGD), and
Y = Cost (1992 $)

Figures 9-25 and 9-26 graphically present the breakpoint chlorination capital and O&M cost curves,
respectively.

Thetotal capital costsfor the breakpoint chlorination systemsrepresent equi pment and instal lation costs.
Thetotal construction cost includesthe costs of the chlorine addition unit, instrumentation and contrals,
pumps, piping, and inddlation. The operation and maintenance costsinclude chemicd usage, energy usage,
maintenance, labor, and taxes and insurance. Energy costsinclude dectricity to run thepumps, lighting,
and instrumentation and controls. Thelabor requirement for the breakpoint chlorination system wasfour

hours per day.

9.4 Costsfor Regulatory Options

The following sections present the costs estimated for compliance with the BPT/ BCT/BAT and NSPS
effluent limitationsguidelinesand standardsfor the Subtitle D Non-Hazardous and Subtitle C Hazardous
subcategories. Costsfor each of the regulatory options are presented below for only the facilitiesin the
308 Questionnaire database, aswell asfor al of the facilitiesin the Landfillsindustry based on nationa
estimates (see Chapter 3, Section 3.2.1 for an explanation of national estimates). All costsestimatesinthis

section are expressed in terms of 1992 dollars, unless otherwise noted.

94.1 Facility Selection

EPA evaduated each of the 220 Detalled Questionnairesthat were returned with sufficient technical and
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economic datato determineif thefacility would be subject to thefind limitationsand standards and would,
therefore, incur costsasaresult of theregulation. EPA determined that 94 of the 220 facilitieswould not

incur costs because of the following reasons:

. 49 facilities indicated that they were zero or alternative discharge
. 40facilitieswere operated in conjunction with other industrial or commercia operations
and EPA determined that the rule was not applicable to these facilities

. 5 respondents did not generate in-scope wastewater.

EPA cdculated costsfor each of the remaining 126 facilities and then modeled the nationa population by
using statistically-cal culated survey weights. EPA projected thelandfill industry costs (presented below)
for several technology options based on costs developed for 123 Subtitle D and 3 Subtitle C facilities.

94.2 BPT Regulatory Costs

EPA developed preliminary cost-effectiveness analyses using interim costing-rounds to select BPT
regulatory options. The BPT costs for each subcategory are presented below.

94.21 Subtitle D Non-Hazar dous Subcategory BPT Costs

Once EPA developed current discharge and untreated landfill wastewater pollutant concentrationsfor

facilitiesin the Subtitle D Non-Hazardous subcategory, EPA eval uated two options BPT Ogptions| and I1.

BPT Option|: Equalization and activated dudgebiol ogical treatment with secondary clarification, and
dudge-dewatering. For thefacilitiesin the 308 Questionnaire database, Table 9-11 presentsthe tota
capital ($2,737,104) and annua O&M costs ($838,579) for this option, aswell asthe total amortized
annua cost for each facility. Based on nationa estimates, BPT Option | for the Subtitle D Non-Hazardous
subcategory is estimated to havetotal annualized pre-tax costs of $7.30 million (based on 1998 dallars).
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BPT Option|I: Equdization, activated dudgebiological trestment with secondary clarification, multimedia
filtration, and dudge-dewatering. For thefacilitiesin the 308 Questionnaire database, Table 9-12 presents
the total capita ($3,252,453) and annual O& M ($1,027,788) costsfor this option, aswell asthe total
amortized annual cost for each facility. Based on national estimates, BPT Option I for the SubtitleD
Non-Hazardous subcategory isestimated to have total annualized pre-tax and post-tax costsof $8.57 and
$7.64 million (based on 1998 dollars), respectively.

94.2.2 Subtitle C Hazar dous Subcategory BPT Costs

Once EPA developed current discharge and untreated landfill wastewater pollutant concentrationsfor

facilitiesin the Subtitle C Hazardous subcategory, EPA evaluated one BPT option, BPT Option 1.

BPT Option|: Equalization, chemical precipitation, activated dudgebiological treatment with secondary
clarification, multimediafiltration, and dudge-dewatering. Since EPA did not identify any direct discharge
facilitiesin the Subtitle C Hazardous subcategory database, there are no costs associated with thisoption.

94.3 BCT Regulatory Costs

EPA developed preliminary cost-effectiveness analyses using interim costing-rounds to select BCT
regulatory options. The BCT costs for each subcategory are presented below.

9431 Subtitle D Non-Hazar dous Subcategory BCT Costs

Once EPA developed current discharge and untreated landfill wastewater pollutant concentrationsfor

facilitiesin the Subtitle D Non-Hazardous subcategory, EPA evauated two options, BCT Option | and I1.
BCT Option I: Equalization and activated sudge biological treatment with secondary clarification, and

dudge-dewatering. Thisoptionisequivaent to BPT Option | for the Non-Hazardous subcategory with
costs previously provided in Section 9.4.2.1 above.
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BCT Option I1: Equdization, activated dudge biologicd trestment with secondary darification, multimedia
filtration, and dudge-dewatering. Thisoption isequivalent to BPT Option |1 for the Non-Hazardous
subcategory with costs previously provided in Section 9.4.2.1 above.

9.4.32 Subtitle C Hazardous Subcategory BCT Costs

Once EPA developed current discharge and untreated landfill wastewater pollutant concentrationsfor

facilities in the Subtitle C Hazardous subcategory, EPA evaluated one option, BCT Option 1.

BCT Option|: Equalization, chemical precipitation, activated d udgebiol ogical treatment with secondary
clarification, multimediafiltration, and dudge-dewatering. Thisoption isequivaent to BPT Option | for the

Subtitle C Hazardous subcategory and, therefore, has no associated costs.

94.4 BAT Regulatory Costs

EPA developed preliminary cost-effectiveness analyses using interim costing-rounds to select BAT
regulatory options. The BAT costs for each subcategory are presented below.

9441 Subtitle D Non-Hazardous Subcategory BAT Costs

EPA costed three BAT optionsfor the Subtitle D Non-Hazardous subcategory: BAT Optionsl, [l and I11.

BAT Option |: Equalization and activated dudge biological treatment with secondary clarification, and
dudge-dewatering. Thisoption isequivaent to BPT Option | for the Non-Hazardous subcategory with
costs previously provided in Section 9.4.2.1 above.

BAT Ogption I1: Equdization, activated dudge biologica trestment with secondary darification, multimedia

filtration, and dudge-dewatering. Thisoption isequivalent to BPT Option |1 for the Non-Hazardous
subcategory with costs previously provided in Section 9.4.2.1 above.
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BAT Option I11: Equalization, activated dudge biologica treatment, multimediafiltration, and reverse
osmosiswith dudge-dewatering. For facilitiesin the 308 Questionnaire database, Table 9-13 presentsthe
total capital ($34,518,089) and annual O& M ($5,896,531) costs for this option as well as the total
amortized annual cost for each facility. Based on national estimates, BAT Option 111 for the Subtitle D
Non-Hazardous subcategory isestimated to have atota annuaized pre-tax cost of $45.95 million (based
on 1998 dollars).

94.4.2 Subtitle C Hazardous Subcategory BAT Costs

Once EPA developed current discharge and untreated landfill wastewater pollutant concentrationsfor

facilitiesin the Subtitle C Hazardous subcategory, EPA evaluated one BAT option, BPT Option I.

BAT Option|: Equalization, chemical precipitation, activated dudgebiol ogical trestment with secondary
clarification, multimediafiltration, and dudge-dewatering. Thisoption isequivaent to BPT Option | for the

Hazardous subcategory and, therefore, has no associated costs.

945 NSPS Regulatory Costs

EPA developed preliminary cost-effectiveness analyses using interim costing-rounds to select NSPS
regulatory options. The NSPS costs for each subcategory are presented below.

9451 Subtitle D Non-Hazar dous Subcategory NSPS Costs

EPA isestablishing NSPSfor the Subtitle D Non-Hazardous subcategory to be equivaent to thelimitations
established for BPT Option I for this subcategory, which also isthe basis for BCT and BAT.

NSPS: Equdization, activated dudge biologicd trestment with secondary darification, multimediafiltration,

and dudge-dewatering. The total NSPS annual cost for the Non-Hazardous subcategory is $52,755
assuming an average facility flow of 10,000 gpd.
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9.45.2 Subtitle C Hazardous Subcategory NSPS Costs

EPA isestablishing NSPSfor the Subtitle C Hazardous subcategory to be equivalent to the limitations
established for BPT Option | for this subcategory, which also isthe basisfor BCT and BAT.

NSPS: Equalization, chemical precipitation, activated sludge biological treatment with secondary

clarification, multimediafiltration, and dudge-dewatering. Thetota NSPS annua cost for the Hazardous
subcategory is $132,031 assuming an average facility flow of 10,000 gpd.
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Table 9-1: Cost Comparison

CAPDET Computer Run WWC Engineering Vendor Quotes Questionnaire Responses
Facility Treatment Train Software
R Capital Cost O&M Capital Cost O&M Capital Cost O&M Capital Cost O&M
1992 Costs 1992 Costs 1992 Costs 1992 Costs
16122 Chemical Precipitation $232,366 | $178,773 $190,308 $41,883 $177,504 | $163,397 NA $22,858
AbovetAnaerobic& Aerobic Bio $1,217,370 | $353,181 $836,433 $79,898 $794,343 | $305,669 NA $133,314
Above+2nd Chemical Precipitation $1,449,732 | $587,637 $908,201 $91,295 $971,847 | $469,066 NA $133,872
Abovet+Equalization+Multimedia Filter $1,517,811 | $715,088 $1,573,621 $91,295 $1,553,010 | $543,840 NA $133,872
Equalization $58,478 $69,475 $692,252 $1,997 $526,532 $36,442 NA $3,388
Entire Treatment Train $1,576,289 | $784,563 $2,782,188 | $317,747 $2,154,117 | $586,240 $4,113,628 $311,400
16125 Equalization+Air Stripping $57,717 $61,556 $394,570 $20,718 $243,800 $54,147 $588,714 $8,247
Chemical Precipitation+SBR $282,073 | $255,294 $1,928,245 | $103,100 €) € $2,067,188 $31,534
Above+Carbon+Multimedia Filter $478,266 | $460,622 $2,492,431 | $145,949 (b) (b) $2,534,242 $34,883
16087 Entire Treatment Train NA NA $2,519,307 | $816,351 (c) (c) $2,423,057 $992,578
16041 SBR+Sludge Equipment $159,908 | $115,066 $2,378,898 | $436,879 NA NA $6,293,919 $460,050

NA: Not Available
(a): Capital O& M costs without the SBR are $82,675 and $56,972, respectively

(b): Capital O&M costs without the SBR are $140,078 and $106,642, respectively
(c): Capital O&M costs without the activated sludge system and chlorine addition are $189,120 and $100,849, respectively




Table 9-2: Costing Source Comparison

Capital Costs

1992 Dollars

Capital Cost ($)
Millions

Questionnaire
wWwcC

= CAPDET

= vendor Quotes

Chem Precip  Chem Precip and Filtration Chem Precip 2-stage Chem Precip
Questionnaire 2,206,980 2,751,204 1,214,563 2,265,009
wwce 3,543,264 2,950,035 2,144,446 1,476,821
CAPDET 4,948,779 1,475,480 942,216 3,072,253
Vendor Quotes 399,878 3,314,930 319,206 670,158
O&M Costs
1992 Dollars

2000

1500

1000

O & M Cost ($)
Thousands

500

Questionnaire
WWC

= CAPDET

= vendor Quotes

Chem Precip
Questionnaire 910,000
WWC 1,355,505
CAPDET 585,855
Vendor Quotes 860,867

Chem Precip and Filtration Chem Precip
315,000 1,837,000

231,728 1,864,219

99,036 515,859

222,135 361,623
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2-stage Chem Precip
363,000
686,360
466,848
151,889




Table 9-3: Breakdown of Costing Method by Treatment Technology

Treatment Technology Cost Using Cost Using Vendor Key Design
WWC Program Quotes Parameter(s)
Equalization X(@) Flow rate
Flocculation X Flow rate
Chemical Feed System X Flow rate & Pollutant
of Interest Metals
Primary & Secondary X Flow rate
Clarification
Activated Sludge X Flow rate, BOD., &
Ammonia
Reverse Osmosis X Flow rate
Multimedia Filtration X(b) Flow rate
Activated Carbon X(c) Flow rate
Breakpoint Chlor. X(d) Flow rate
Sludge-Drying Beds X Flow rate, TSS &
BOD,

@ Based upon costs provided in Environmental Restoration Unit Cost Book
(b) Cost curves developed using vendor quotesin the CWT guideline effort

(©)

(d)

Based upon costsprovided in“ Power Plant Wastewater Treatment Technology Review Report”,
Electric Power Research Indtitute (EPRI), November 1996, Exhibits A3-1 and D3-1, respectively,
and supplemented using “ Technologiesand Cogtsfor Remova of Arsenic from Drinking Water”,
Office of Ground Water and Drinking Water, EPA, Draft July 1998

Costswere extrapol ated from data supplied by the EPA Office of Ground Water and Drinking
Water report
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Table 9-4: Additional Cost Factors

Type Factor Percent of Capital Cost
Capital Site Work & Interface Piping 18
General Contractor Overhead 10
Engineering 12
Instrumentation & Controls 13
Buildings 6
Site Improvements 10
Legal, Fiscal, & Administrative 2
Interest During Construction 9
Contingency 8
Retrofit (if necessary) 20
O&M Taxes & Insurance 2!

(1) 2 percent of total capital costs, which includes WWC costs and capital costs listed above.
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Table 9-5: Analytical Monitoring Costs

Pollutants

Cost/Sample ($)*

Subtitle D Non-Hazardous

AmmoniaasN 18.00
BOD, 15.00
TSS 6.00
Metals & Organics 105.00
Subtitle C Hazardous

AmmoniaasN 18.00
BOD, 15.00
TSS 6.00
Metals & Volatile/Semi-Volatile

Organics 1600.00

(1) Cost based on 1995 analytical laboratory costs adjusted to 1992 dollars.
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Table 9-6: Subtitle D Non-Hazardous Facilities Costed for Off-Site Disposal

Facility QID Flow (gpd) Off-Site Disposal Cost ($/yr)

16048 5 730

16055 8 1168
16062 50 7300
16139 50 7300
16148 77 11242
16160 137 20002
16250 200 29200

9-39



oV 6

Table 9-7: Unit Process Breakdown by Regulatory Option

Treatment Technology Subcategory WWC Unit WWC Unit Process #
Description Non-Hazardous Hazardous Process #* Description
Equalization & activated sudge BPT/BCT/BAT NA equalization
Option | 18 aeration basin
26 aeration system
118 secondary clarification
128 sludge dewatering
Equalization, activated sludge BPT/BCT/BAT NA equalization
& multimediafiltration Option |1 18 aeration basin
NSPS 26 aeration system
118 secondary clarification
NA multimediafiltration
128 sludge dewatering
Equalization, activated sludge, BAT NA equalization
multimediafiltration & single-stage Option 111 18 aeration basin
reverse 0sSmosis 26 aeration system
118 secondary clarification
NA multimediafiltration
NA single-stage reverse 0Smosis
128 sludge dewatering
Equalization, chemical precipitation, BPT/BCT/BAT NA equalization
activated dudge & multimedia Option | 72 flocculation tank
filtration NSPS 45 sodium hydroxide feed system
34 polymer feed system
118 primary clarification
46 phosphoric acid feed system
18 aeration basin
26 aeration system
118 secondary clarification
NA multimediafiltration
128 sludge dewatering

*NA=Not Applicable-Vendor Quotes Used




Table 9-8: Chemical Addition Design Method

Basisfor Design
Chemical Stoichiometry Reference' (mg/L)
Sodium Hydroxide X
Polymer 20
Phosphoric Acid X

(1) From: Industrial Water Pollution Control, 2nd Edition.
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Table 9-9: Treatment Chemical Costs

Treatment Chemical Cost
Sodium Hydroxide $350/ton
Polymer $2.25/1b
Phosphoric Acid $300/ton
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Table 9-10: Sodium Hydroxide Requirements for Chemical Precipitation

Dosage Rate
Pollutant Sodium Hydroxide
(Ib/lb metal removed)
Cadmium 0.71
Chromium, total 231
Iron 215
Nickel 2.04
Zinc 1.22
Phosphorus 6.46
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Table 9-11: BPT/BCT/BAT Option | Subtitle D Non-Hazardous Subcategory

CAPITAL COSTS($) AMORTIZED O &M COSTS($/YR) TOTAL
Flow Sludge Permit Total TOTALCAPITAL(a) Solids Total ANNUAL
ID# (MGD) Equipment | Handling Retrofit | Modification Land Capital ($/YR) Equipment [ Handling | Monitoring O&M COST ($/YR)(b)
16001 0.0793 153,015 2,004 31,004 0 0 186,023 20,424 19,637, 4,078 11,540 35,255 55,679
16003 0.00472 0 0 0 0 0 0 0 0 0 0 0 0
16008 0 0 0 0 0 0 0 0 0 0 0 0 0
16009 0.01613 0 0 0 0 0 0 0 0 0 0 0 0
16011 0 0 0 0 0 0 0 0 0 0 0) 0 0
16012 0.00221 0 0 0 0 0 0 0 0 0 0 0 0
16013 0.015 0 0 0 0 0 0 0 0 0 0) 0 0
16014 0 0 0 0 0 0 0 0 0 0 0 0 0
16015 0.0005 0 0 0 0 0 0 0 0 0 0 0 0
16016 0.0023 0 0 0 0 0 0 0 0 0 0 0 0
16020 0.04581 0 0 0 0 0 0 0 0 0 0) 0 0
16023 0.05734 0 0 0 0 0 0 0 0 0 0 0 0
16024 0.00592 0 0 0 0 0 0 0 0 0 0 0 0
16025 0 0 0 0 0 0 0 0 0 0 0 0 0
16026 0 0 0 0 0 0 0 0 0 0 0) 0 0
16027 0 0 0 0 0 0 0 0 0 0 0 0 0
16028 0.01985 0 0 0 0 0 0 0 0 0 0) 0 0
16029 0.025 0 0 0 0 0 0 0 0 0 0 0 0
16033 0.0091 0 0 0 0 0 0 0 0 0 0) 0 0
16035 0 0 0 0 0 0 0 0 0 0 0 0 0
16038 0.00822 0 0 0 0 0 0 0 0 0 0) 0 0
16039 0.00178 0 0 0 0 0 0 0 0 0 0 0 0
16043 0.00218 0 0 0 0 0 0 0 0 0 0) 0 0
16044 0 0 0 0 0 0 0 0 0 0 0 0 0
16046 0 0 0 0 0 0 0 0 0 0 0) 0 0
16047 0.00115 38,175 2,004 0 0 0 40,179 4411 8,760 1,917 11,540 22,217, 26,628,
16048 5E-06 0 0 0 0 0 0 0 0 0 0) 0 730
16049 0.0017 35,037, 2,004 7,408 0 0 44,449 4,880 8,302 2,208 11,540 22,050, 26,930,
16050 0.01 58,533 2,004 0 0 0 60,537, 6,647 11,672, 1,917 11,540 25,129 31,776
16052 0.0546 217,678 5,563 44,648 0 0 267,889 29,413 17,799 6,897 11,072 35,768, 65,180,
16053 0.00124 39,625 2,004 0 0 0 41,629 4571 9,002 1,917 11,540 22,459 27,030,
16054 0.00075 16,544 2,004 3,710 0 0 22,258 2,444 5,276 1,917 11,357 18,550, 20,994
16055 8E-06) 0 0 0 0 0 0 0 0 0 0) 0 1,168
16056 0.00137 40,636 2,004 0 0 0 42,640 4,682 8,921 1,917 11,540 22,378 27,060
16058 0.003 44,348 2,004 9,270 0 0 55,622, 6,107 8,936 1,917 0) 10,853 16,960,
16059 0.0011 38,017, 2,004 0 0 0 40,021 4,394 8,730 1,917 11,540 22,187, 26,581
16060 0.0018 43,919 2,004 0 0 0 45,923 5,042 9,178 2,208 11,540 22,926 27,968,
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Table 9-11: BPT/BCT/BAT Option | Subtitle D Non-Hazardous Subcategory (continued)

CAPITAL COSTS ($) A M ORTIZED O &M COSTS($/YR) TOTAL
Flow Sludge Permit Total TOTALCAPITAL(a) Solids Total ANNUAL

ID# (MGD) Equipment | Handling Retrofit | Modification Land Capital ($/YR) Equipment | Handling [ Monitoring O&M COST ($/YR)(b)

16061 0 0 0 0 0 0 0 0 0 0 0 0 0
16062 0.00005 0 0 0 0 0 0 0 0 0 0 0 7,300
16063 0.0067 75,309 2,004 0 0 0 77,313 8,489 11,152 3,562 11,540 26,254 34,742,
16064 0.01197 62,083 2,004 0 0 0 64,087, 7,036 12,127 3,931 11,540 27,598 34,634
16065 0.008 71,448 2,004 14,690 0 0 88,143 9,678 10,481 3,231 11,090, 24,802, 34,480
16068 0 0 0 0 0 0 0 0 0 0 0 0 0
16070 0.00133 0 0 0 0 0 0 0 0 0 0 0 0
16071 0.006 0 0 0 0 0 0 0 0 0 0 0 0
16072 0 0 0 0 0 0 0 0 0 0 0 0) 0
16073 0.0182 0 0 0 0 0 0 0 0 0 0 0 0
16074 0 0 0 0 0 0 0 0 0 0 0 0 0
16075 0.01021 0 0 0 0 0 0 0 0 0 0 0 0
16076 0 0 0 0 0 0 0 0 0 0 0 0) 0
16077 0.00816 0 0 0 0 0 0 0 0 0 0 0 0
16078 0.00499 0 0 0 0 0 0 0 0 0 0 0) 0
16079 0.11247 344,770 0 68,954 0 0 413,724 45,425 23,219 0 11,180, 34,399 79,824
16083 0.001 29,000, 2,004 6,201 0 0 37,205 4,085 7,835 1,735 11,540 21,110 25,195
16084 0.00643 0 0 0 0 0 0 0 0 0 0 0 0
16085 0.03 0 0 0 0 0 0 0 0 0 0 0) 0
16088 0.03621 0 0 0 0 0 0 0 0 0 0 0 0
16090 0.00393 0 0 0 0 0 0 0 0 0 0 0) 0
16091 0.2321 0 0 0 0 0 0 0 0 0 0 0 0
16092 0.00668 0 0 0 0 0 0 0 0 0 0 0) 0
16093 0.08158 222,598 0 44,520 0 0 267,118 29,328 30,361, 0 11,180, 41,541 70,869
16097 0.019 0 0 0 0 0 0 0 0 0 10,520, 10,520 10,520
16098 0 0 0 0 0 0 0 0 0 0 0 0 0
16099 0.01533 0 0 0 0 0 0 0 0 0 0 0) 0
16102 0.01394 110,824 0 22,165 0 0 132,989 14,602 13,163 0 11,540 24,703 39,304
16103 0.03756 0 0 0 0 0 0 0 0 0 0 0) 0
16107 0.00129 0 0 0 0 0 0 0 0 0 0 0 0
16109 0.05056 0 0 0 0 0 0 0 0 0 0 0) 0
16111 0.0072 0 0 0 0 0 0 0 0 0 0 0 0
16113 0 0 0 0 0 0 0 0 0 0 0 0) 0
16114 0.00864 0 0 0 0 0 0 0 0 0 0 0 0
16115 0.00407 0 0 0 0 0 0 0 0 0 0 0) 0
16116 0.0042 0 0 0 0 0 0 0 0 0 0 0 0
16117 0.04 0 0 0 0 0 0 0 0 0 9,908 9,908 9,908




Table 9-11: BPT/BCT/BAT Option | Subtitle D Non-Hazardous Subcategory (continued)

ov-6

CAPITAL COSTS($) A M ORTIZED O &M COSTS($/YR) TOTAL
Flow Sludge Permit Total TOTALCAPITAL(a) Solids Total ANNUA L

ID# (MGD) Equipment | Handling Retrofit | Modification Land Capital ($/YR) Equipment | Handling | Monitoring O&M COST ($/YR)(b)
16118 0.0288 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16119 0.00729 13,151 2,004 3,031 0 0 18,186 1,997 2,577 1,948 11,117 15,642 17,639
16120 0.04278 0 0 0| 0 0 0| 0| 0| 0| 9,200 9,200 9,200
16121 0.08028 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16122 0.0255 0 0 0| 0 0 0| 0| 0| 0| 9,948 9,948 9,948
16123 0.04608 206,903 8,080 42,997 0 0 257,980 28,325 19,430 8,365 11,540 39,335 67,660
16124 0.01666 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16125 0.01419 0 0 0| 0 0 0| 0| 0| 0| 10,712 10,712 10,712
16127 0.00363 48,545 2,004 10,110 0 0 60,659 6,660 9,190 2,756 11,540 23,486 30,146
16128 0.00396 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16129 0.00469 0 0 0| 0 0 0| 0| 0| 0| 11,540 11,540 11,540
16130 0.0003 4,400 2,004 1,281 0 0 7,685 844 10,400 4,078 11,540 26,018 26,862
16131 0.03 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16132 0.03 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16135 0.01149 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16137 0 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16139 0.00005 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16140 0 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16143 0 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16144 0 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16146 0 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16148 0.00008 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16149 0 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16150 0.04578 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16151 0.00205 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16152 0 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16153 0.008 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16154 0.01022 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16155 0.00831 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16156 0.173 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16158 0.01428 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16159 0.225 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16160 0.00014 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16161 0.053 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16162 0.0009 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16163 0 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0

0 0 0| 0 0 0| 0| 0| 0| 0| 0 0

16164 0.01
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Table 9-11: BPT/BCT/BAT Option | Subtitle D Non-Hazardous Subcategory (continued)

CAPITAL COSTS($) A M ORTIZED O &M COSTS($/YR) TOTAL
Flow Sludge Permit Total TOTALCAPITAL(a) Solids Total ANNUA L

ID# (MGD) Equipment | Handling Retrofit | Modification Land Capital ($/YR) Equipment | Handling | Monitoring O&M COST ($/YR)(b)

16165 0.03022 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16166 0.00342 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16169 0 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16170 0.0048 55,201, 2,004 11,441 0 0 68,647 7,537 9,594 4,078 11,235 24,907 32,444
16171 0.024 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16173 0.025 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16174 0.0072 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16175 0 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16176 0.03727 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16177 0 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16180 0 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16184 0 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16185 0 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16186 0.00304 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16187 0.003 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16189 0 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16190 0 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16191 0 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16193 0.0023 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16196 0.01223 108,110 11,645 0| 0 0 119,755 13,148 14,487 10,115 11,540 36,142 49,290
16197 0 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16199 0.0008 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16200 0.01142 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16201 0.00188 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16202 0.01301 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16203 0.02 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16204 0 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16204 0 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16205 0 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16206 0.05739 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16208 0.00334 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16211 0.15 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16212 0.0007 15,300 2,004 0| 0 0 17,304 1,900 18,800 1516 10,500 30,816 32,716
16215 0 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16217 0 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16219 0.02544 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
16220 0.03041 0 0 0| 0 0 0| 0| 0| 0| 0| 0 0
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Table 9-11: BPT/BCT/BAT Option | Subtitle D Non-Hazardous Subcategory (continued)

CAPITAL COSTS($) AMORTIZED O &M COSTS ($/YR) TOTAL
Flow Sludge Permit Total TOTALCAPITAL(a) Solids Total ANNUAL
1D# (MGD) | Equipment | Handling Retrofit | Modification | Land Capital ($/YR) Equipment | Handling | Monitoring| O&M COST ($/YR)(b)
16221 0.00662 0 0 0 0 0 0 0 0 0 0 0 0
16222 0.01548 0 0 0 0 0 0 0 0 0 0 0 0
16222 0 0 0 0 0 0 0 0 0 0 0 0 0
16223 0.02904 153,000 2,004 0 0 0 155,004 17,019 51,200 4,078 10,500 65,778 82,797
16224 0 0 0 0 0 0 0 0 0 0 0 0 0
16225 0.031] 0 0 0 0 0 0 0 0 0 0 0 0
16228 0.00072 0 0 0 0 0 0 0 0 0 0 0 0
16230 0 0 0 0 0 0 0 0 0 0 0 0 0
16231 0 0 0 0 0 0 0 0 0 0 0 0 0
16232 0 0 0 0 0 0 0 0 0 0 0 0 0
16233 0.0097 94,269 9,868 0 0 0 104,137 11,434 13,366 9,277 11,540 34,183 45,617
16234 0.03083 0 0 0 0 0 0 0 0 0 0 0 0
16236 0.00595 0 0 0 0 0 0 0 0 0 0 0 0
16239 0 0 0 0 0 0 0 0 0 0 0 0 0
16240 0 0 0 0 0 0 0 0 0 0 0 0 0
16240 0.0056 0 0 0 0 0 0 0 0 0 0 0 0
16241 0 0 0 0 0 0 0 0 0 0 0 0 0
16242 0.0005] 0 0 0 0 0 0 0 0 0 0 0 0
16243 0 0 0 0 0 0 0 0 0 0 0 0 0
16245 0 0 0 0 0 0 0 0 0 0 0 0 0
16246 0.00135 0 0 0 0 0 0 0 0 0 0 0 0
16248 0.01 0 0 0 0 0 0 0 0 0 0 0 0
16249 0 0 0 0 0 0 0 0 0 0 0 0 0
16250 0.0002 0 0 0 0 0 0 0 0 0 0 0 0
16251 0.0007 0 0 0 0 0 0 0 0 0 0 0 0
16252 0.005] 0 0 0 0 0 0 0 0 0 0 0 0
16253 0.01776 0 0 0 0 0 0 0 0 0 11,068 11,068 11,068
TOTALS 2.694 2,340,439 75,236 321,429 0 0] 2,737,104 300,519 373,594 87,480 368,307 829,381 1,139,098

(a) A mortization assuming 7%interest over 15 year period.

(b) Off-site disposal costs used for low flow facilities 16048, 16055, and 16062
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Table 9-12: BPT/BCT/BAT Option Il Subtitle D Non-Hazardous Subcategory

CAPITAL COSTS($) A MORTIZED O &M COSTS ($/YR) TOTAL
Flow Sludge Permit Total TOTALCAPITAL(a) Solids Total ANNUAL
ID# (MGD) Equipment Handling Retrofit M odification Land Capital ($/YR) Equipment Handling M onitoring o&M COST ($/YR)(b)
16001 0.0793] 203,456 2,004 41,092 0 0 246,552 27,070 44,857 4,078 11,540 60,475] 87,545
16003 0.00472 0 0 0 0 0 0 0 0 0 0 0 0
16008 0 0 0 0 0 0 0 0 0 0 0 0 0
16009 0.01613| 0 0 0 0 0 0 0 0 0 0 0 0
16011 0 0 0 0 0 0 0 0 0 0 0 0 0
16012 0.00221] 0 0 0 0 0 0 0 0 0 0 0 0
16013 0.015] 0 0 0 0 0 0 0 0 0 0 0 0
16014 0| 0 0| 0 0 0| 0 0| 0 0| 0| 0| 0
16015 0.0005] 0 0 0 0 0 0 0 0 0 0 0 0
16016 0.0023] 0 0 0 0 0 0 0 0 0 0 0 0
16020 0.04581 0 0 0 0 0 0 0 0 0 0 0 0
16023 0.05734] 0 0 0 0 0 0 0 0 0 0 0 0
16024 0.00592] 0 0 0 0 0 0 0 0 0 0 0 0
16025 0 0 0 0 0 0 0 0 0 0 0 0 0
16026 0 0 0 0 0 0 0 0 0 0 0 0 0
16027 0 0 0 0 0 0 0 0 0 0 0 0 0
16028 0.01985 0 0| 0 0 0| 0 0| 0 0| 0| 0| 0
16029 0.025] 0 0 0 0 0 0 0 0 0 0 0 0
16033 0.0091] 0 0 0 0 0 0 0 0 0 0 0 0
16035 0 0 0 0 0 0 0 0 0 0 0 0 0
16038 0.00822] 0 0 0 0 0 0 0 0 0 0 0 0
16039 0.00178| 0 0 0 0 0 0 0 0 0 0 0 0
16043 0.00218 0 0| 0 0 0| 0 0| 0 0 0 0 0
16044 0 0 0 0 0 0 0 0 0 0 0 0 0
16046 0 0 0 0 0 0 0 0 0 0 0 0 0
16047 0.00115 51,650 2,004 0 0 0 53,654 5,891 15,497 1,917 11,540, 28,954 34,845
16048 5E-06 0 0 0 0 0 0 0 0 0 0 0 730
16049 0.0017| 48,843 2,004 10,169 0 0 61,017 6,699 15,205 2,208 11,540 28,953 35,653
16050 0.01 58,533 2,004 0 0 0| 60,537 6,647, 11,672 1917 11,540 25,129 31,776
16052 0.0546] 217,678 5,563 44,648 0 0 267,889 29,413 17,799 6,897 11,072 35,768 65,180
16053 0.00124 39,625 2,004 0 0 0 41,629 4571 9,002 1,917 11,540 22,459 27,030
16054 0.00075 30,019 2,004 6,405 0 0| 38,427 4,219 12,013 1917 11,357 25,287 29,506
16055 8E-06 0 0 0 0 0 0 0 0 0 0 0 1,168
16056 0.00137| 54,111 2,004 0 0 0 56,115 6,161 15,659 1,917 11,540 29,116 35,277
16058 0.003 44,348 2,004 9,270 0 0| 55,622 6,107, 8,936 1917 0| 10,853 16,960
16059 0.0011] 51,492 2,004 0 0 0 53,496 5,874 15,468 1,917 11,540 28,925 34,798
16060 0.0018| 57,885 2,004 0 0 0 59,889 6,575 16,161 2,208 11,540 29,909 36,484
16061 0| 0 0| 0 0 0| 0 0| 0 0 0 0 0
16062 0.00005 0 0 0 0 0 0 0 0 0 0 0 7,300
16063 0.0067| 94,714 2,004 0 0 0 96,718 10,619 20,855 3,562 11,540 35,957 46,576
16064 0.01197 62,083 2,004 0 0 0| 64,087 7,036 12,127 3,931 11,540 27,598 34,634
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Table9-12: BPT/BCT/BAT Option Il Subtitle D Non-Hazardous Subcategory (continued)

CAPITAL COSTS($) A MORTIZED O &M COSTS ($/YR) TOTAL
Flow Sludge Permit Total TOTALCAPITAL(a) Solids Total ANNUAL
ID# (MGD) Equipment Handling Retrofit M odification Land Capital ($/YR) Equipment Handling M onitoring o&M COST ($/YR)(b)
16065 0.008| 91,929 2,004 18,787 0 0 112,719 12,376 20,721 3,231 11,090 35,042 47,418
16068 0| 0 0| 0 0 0| 0 0| 0 0| 0 0 0
16070 0.00133| 0 0 0 0 0 0 0 0 0 0 0 0
16071 0.006] 0 0 0 0 0 0 0 0 0 0 0 0
16072 0| 0 0| 0 0 0| 0 0| 0 0| 0 0 0
16073 0.0182] 0 0 0 0 0 0 0 0 0 0 0 0
16074 0 0 0 0 0 0 0 0 0 0 0 0 0
16075 0.01021 0 0| 0 0 0| 0 0| 0 0| 0| 0| 0
16076 0 0 0 0 0 0 0 0 0 0 0 0 0
16077 0.00816 0 0 0 0 0 0 0 0 0 0 0 0
16078 0.00499 0 0| 0 0 0| 0 0| 0 0| 0 0 0
16079 0.11247| 356,066 0 71,213 0 0 427,279 46,913 27,018 0 11,180 38,198 85,111
16083 0.001] 42 475 2,004 8,896 0 0 53,374 5,860 14573 1,735 11,540 27,848 33,708
16084 0.00643 0 0| 0 0 0| 0 0| 0 0| 0 0 0
16085 0.03] 0 0 0 0 0 0 0 0 0 0 0 0
16088 0.03621] 0 0 0 0 0 0 0 0 0 0 0 0
16090 0.00393 0 0| 0 0 0| 0 0| 0 0| 0| 0| 0
16091 0.2321] 0 0 0 0 0 0 0 0 0 0 0 0
16092 0.00668| 0 0 0 0 0 0 0 0 0 0 0 0
16093 0.08158 222598 0| 44,520 0 0| 267,118 29,328 30,361 0| 11,180 41,541 70,869
16097 0.019| 72,380 0 14,476 0 0 86,856 9,536 3,597 0 10,520 14,117 23,653
16098 0 0 0 0 0 0 0 0 0 0 0 0 0
16099 0.01533 0 0| 0 0 0| 0 0| 0 0| 0 0 0
16102 0.01394 135,429 0 27,086 0 0 162,514 17,843 25,465 0 11,540 37,005 54,848
16103 0.03756 0 0 0 0 0 0 0 0 0 0 0 0
16107 0.00129 0 0| 0 0 0| 0 0| 0 0| 0| 0| 0
16109 0.05056 0 0 0 0 0 0 0 0 0 0 0 0
16111 0.0072] 0 0 0 0 0 0 0 0 0 0 0 0
16113 0| 0 0| 0 0 0| 0 0| 0 0| 0 0 0
16114 0.00864 0 0 0 0 0 0 0 0 0 0 0 0
16115 0.00407| 0 0 0 0 0 0 0 0 0 0 0 0
16116 0.0042 0 0| 0 0 0| 0 0| 0 0| 0 0 0
16117 0.04 37,048 0 7,410 0 0 44,458 4,881 18,524 0 9,908 28,432 33,313
16118 0.0288| 0 0 0 0 0 0 0 0 0 0 0 0
16119 0.00729 13,151 2,004 3,031 0 0| 18,186 1,997 2,577 1,948 11,117 15,642 17,639
16120 0.04278| 0 0 0 0 0 0 0 0 0 9,200 9,200 9,200
16121 0.08028| 0 0 0 0 0 0 0 0 0 0 0 0
16122 0.0255 0 0| 0 0 0| 0 0| 0 0| 9,948 9,948 9,948
16123 0.04608| 246,283 8,080 50,873 0 0 305,236 33,513 39,120 8,365 11,540 59,025 92,538
16124 0.01666 0 0 0 0 0 0 0 0 0 0 0 0
16125 0.01419 0 0| 0 0 0| 0 0| 0 0| 10,712 10,712 10,712
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Table 9-12: BPT/BCT/BAT Option Il Subtitle D Non-Hazardous Subcategory (continued)

CAPITAL COSTS($) A MORTIZED O &M COSTS ($/YR) TOTAL
Flow Sludge Permit Total TOTALCAPITAL(a) Solids Total ANNUAL
ID# (MGD) Equipment Handling Retrofit M odification Land Capital ($/YR) Equipment Handling M onitoring o&M COST ($/YR)(b)
16127 0.00363| 55,540 2,004 11,509 0 0 69,053 7,582 11,684 2,756 11,540 25,980 33,562
16128 0.00396 0 0| 0 0 0| 0 0| 0 0| 0 0 0
16129 0.00469| 0 0 0 0 0 0 0 0 0 11,540 11,540 11,540
16130 0.0003] 4,400 2,004 1,281 0 0 7,685 844 10,400 4,078 11,540 26,018 26,862
16131 0.03 0 0| 0 0 0| 0 0| 0 0| 0 0 0
16132 0.03] 0 0 0 0 0 0 0 0 0 0 0 0
16135 0.01149| 0 0 0 0 0 0 0 0 0 0 0 0
16137 0| 0 0| 0 0 0| 0 0| 0 0| 0| 0| 0
16139 0.00005 0 0 0 0 0 0 0 0 0 0 0 0
16140 0 0 0 0 0 0 0 0 0 0 0 0 0
16143 0 0 0| 0 0 0| 0 0| 0 0| 0 0 0
16144 0 0 0 0 0 0 0 0 0 0 0 0 0
16146 0 0 0 0 0 0 0 0 0 0 0 0 0
16148 0.00008 0 0| 0 0 0| 0 0| 0 0| 0 0 0
16149 0 0 0 0 0 0 0 0 0 0 0 0 0
16150 0.04578| 0 0 0 0 0 0 0 0 0 0 0 0
16151 0.00205 0 0| 0 0 0| 0 0| 0 0| 0| 0| 0
16152 0 0 0 0 0 0 0 0 0 0 0 0 0
16153 0.008| 0 0 0 0 0 0 0 0 0 0 0 0
16154 0.01022 0 0| 0 0 0| 0 0| 0 0| 0 0 0
16155 0.00831] 0 0 0 0 0 0 0 0 0 0 0 0
16156 0.173] 0 0 0 0 0 0 0 0 0 0 0 0
16158 0.01428 0 0| 0 0 0| 0 0| 0 0| 0 0 0
16159 0.225] 0 0 0 0 0 0 0 0 0 0 0 0
16160 0.00014] 0 0 0 0 0 0 0 0 0 0 0 0
16161 0.053 0 0| 0 0 0| 0 0| 0 0| 0| 0| 0
16162 0.0009| 0 0 0 0 0 0 0 0 0 0 0 0
16163 0 0 0 0 0 0 0 0 0 0 0 0 0
16164 0.01 0 0| 0 0 0| 0 0| 0 0| 0 0 0
16165 0.03022] 0 0 0 0 0 0 0 0 0 0 0 0
16166 0.00342] 0 0 0 0 0 0 0 0 0 0 0 0
16169 0| 0 0| 0 0 0| 0 0| 0 0| 0 0 0
16170 0.0048| 55,201 2,004 11,441 0 0 68,647 7,537 9,594 4,078 11,235 24,907 32,444
16171 0.024] 0 0 0 0 0 0 0 0 0 0 0 0
16173 0.025 0 0| 0 0 0| 0 0| 0 0| 0| 0| 0
16174 0.0072] 0 0 0 0 0 0 0 0 0 0 0 0
16175 0 0 0 0 0 0 0 0 0 0 0 0 0
16176 0.03727 0 0| 0 0 0| 0 0| 0 0| 0 0 0
16177 0 0 0 0 0 0 0 0 0 0 0 0 0
16180 0 0 0 0 0 0 0 0 0 0 0 0 0
16184 0| 0 0| 0 0 0| 0 0| 0 0| 0 0 0




Table 9-12: BCT/BPT/BAT Option Il Subtitle D Non-Hazardous Subcategory (continued)
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CAPITAL COSTS($) A MORTIZED O &M COSTS ($/YR) TOTAL
Flow Sludge Permit Total TOTALCAPITAL(a) Solids Total ANNUAL
ID# (MGD) Equipment Handling Retrofit M odification Land Capital ($/YR) Equipment Handling M onitoring o&M COST ($/YR)(b)
16185 0 0 0 0 0 0 0 0 0 0 0 0 0
16186 0.00304 0 0 0 0 0 0 0 0 0 0 0 0
16187 0.003] 0 0 0 0 0 0 0 0 0 0 0 0
16189 0 0 0 0 0 0 0 0 0 0 0 0 0
16190 0 0 0 0 0 0 0 0 0 0 0 0 0
16191 0 0 0 0 0 0 0 0 0 0 0 0 0
16193 0.0023] 0 0 0 0 0 0 0 0 0 0 0 0
16196 0.01223 131,628 11,645 0 0 0| 143,273 15,731 26,246 10,115 11,540 47,901 63,632
16197 0 0 0 0 0 0 0 0 0 0 0 0 0
16199 0.0008| 0 0 0 0 0 0 0 0 0 0 0 0
16200 0.01142 0 0 0 0 0 0 0 0 0 0 0 0
16201 0.00188| 0 0 0 0 0 0 0 0 0 0 0 0
16202 0.01301] 0 0 0 0 0 0 0 0 0 0 0 0
16203 0.02 0 0 0 0 0 0 0 0 0 0 0 0
16204 0 0 0 0 0 0 0 0 0 0 0 0 0
16204 0 0 0 0 0 0 0 0 0 0 0 0 0
16205 0| 0 0| 0 0 0| 0 0| 0 0| 0| 0| 0
16206 0.05739 0 0 0 0 0 0 0 0 0 0 0 0
16208 0.00334 0 0 0 0 0 0 0 0 0 0 0 0
16211 0.15 0 0 0 0 0 0 0 0 0 0 0 0
16212 0.0007| 15,300 2,004 0 0 0 17,304 1,900 18,800 1,516 10,500 30,816 32,716
16215 0 0 0 0 0 0 0 0 0 0 0 0 0
16217 0 0 0 0 0 0 0 0 0 0 0 0 0
16219 0.02544 0 0 0 0 0 0 0 0 0 0 0 0
16220 0.03041] 0 0 0 0 0 0 0 0 0 0 0 0
16221 0.00662 0 0| 0 0 0| 0 0| 0 0| 0| 0| 0
16222 0.01548| 0 0 0 0 0 0 0 0 0 0 0 0
16222 0 0 0 0 0 0 0 0 0 0 0 0 0
16223 0.02904 153,000 2,004 0 0 0| 155,004 17,019 51,200 4,078 10,500 65,778 82,797
16224 0 0 0 0 0 0 0 0 0 0 0 0 0
16225 0.031] 0 0 0 0 0 0 0 0 0 0 0 0
16228 0.00072 0 0| 0 0 0| 0 0| 0 0| 0 0 0
16230 0 0 0 0 0 0 0 0 0 0 0 0 0
16231 0 0 0 0 0 0 0 0 0 0 0 0 0
16232 0| 0 0| 0 0 0| 0 0| 0 0| 0| 0| 0
16233 0.0097| 116,040 9,868 0 0 0 125,908 13,824 24,252 9,277 11,540 45,069 58,893
16234 0.03083| 0 0 0 0 0 0 0 0 0 0 0 0
16236 0.00595 0 0| 0 0 0| 0 0| 0 0| 0 0 0
16239 0 0 0 0 0 0 0 0 0 0 0 0 0
16240 0 0 0 0 0 0 0 0 0 0 0 0 0
16240 0.0056 0 0| 0 0 0| 0 0| 0 0| 0| 0 0
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Table 9-12: BCT/BPT/BAT Option Il Subtitle D Non-Hazardous Subcategory (continued)

CAPITAL COSTS($) AM ORTIZED O &M COSTS($/YR) TOTAL
Flow Sudge Permit Total TOTALCAPITAL(a) Solids Total ANNUAL
ID# (MGD) Equipment Handling Retrofit M odification Land Capital ($/YR) Equipment Handling Monitoring o&M COST ($/YR)(b)
16241 0 0 0 0 0 0 0 0 0 0 0 0 0
16242 0.0005) 0 0 0 0 0 0 0 0 0 0 0 0
16243 0 0 0| 0| 0 0 0 0 0| 0 0 0 0
16245 0 0 0 0 0 0 0 0 0 0 0 0 0
16246 0.00135 0 0 0 0 0 0 0 0 0 0 0 0
16248 0.01 0 0 0 0 0 0 0 0 0 0 0 0
16249 0 0 0| 0| 0 0 0 0 0| 0 0 0 0
16250 0.0002 0 0| 0| 0 0 0 0 0| 0 0 0 0
16251 0.0007| 0 0 0 0 0 0 0 0 0 0 0 0
16252 0.005] 0 0 0 0 0 0 0 0 0 0 0 0
16253 0.01776| 26,840 0 5,368| 0 0 32,208 3,536 13,420 0 11,068, 24,488 28,024
TOTALS 2.694] 2,789,743 75,236 387,473 0 0| 3,252,453 357,102 562,803 87,480 368,307| 1,018,590 1,384,890

(a) Amortization assuming 7%interest over 15 year period.

(b) Off-site disposal costs used for low flow facilities 16048, 16055, and 16062
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Table 9-13: BAT Option |11 Subtitle D Non-Hazardous Subcategory

CAPITAL COSTS($) AM ORTIZED 0 &M COSTS($/YR) TOTAL
Flow Sludge Permit Total TOTALCAPITAL(a) Solids Total ANNUAL

ID# (MGD) Equipment | Handling Retrofit M odification Land Capital ($/YR) Equipment | Handling | Monitoring o&M COST ($/YR)(b)

16001 0.0793] 2,183,593 2,004 437,119 0 0| 2,622,716 287,960 623,747 4,078 11,540 639,365 927,325
16003 0.00472 0 0 0 0 0 0 0 0 0 0 0 0
16008 0 0 0 0 0 0 0 0 0 0 0 0 0
16009 0.01613 0 0 0 0 0 0 0 0 0 0 0 0
16011 0 0 0 0 0 0 0 0 0 0 0 0 0
16012 0.00221 0 0 0 0 0 0 0 0 0 0 0 0
16013 0.015 0 0 0 0 0 0 0 0 0 0 0 0
16014 0 0 0 0 0 0 0 0 0 0 0 0 0
16015 0.0005 0 0 0 0 0 0 0 0 0 0 0 0
16016 0.0023 0 0 0 0 0 0 0 0 0 0 0 0
16020 0.04581 0 0 0 0 0 0 0 0 0 0 0 0
16023 0.05734 0 0 0 0 0 0 0 0 0 0 0 0
16024 0.00592 0 0 0 0 0 0 0 0 0 0 0 0
16025 0 0 0 0 0 0 0 0 0 0 0 0 0
16026 0 0 0 0 0 0 0 0 0 0 0 0 0
16027 0 0 0 0 0 0 0 0 0 0 0 0 0
16028 0.01985 0 0 0 0 0 0 0 0 0 0 0 0
16029 0.025 0 0 0 0 0 0 0 0 0 0 0 0
16033 0.0091 0 0 0 0 0 0 0 0 0 0 0 0
16035 0 0 0 0 0 0 0 0 0 0 0 0 0
16038 0.00822 0 0 0 0 0 0 0 0 0 0 0 0
16039 0.00178 0 0 0 0 0 0 0 0 0 0 0 0
16043 0.00218 0 0 0 0 0 0 0 0 0 0 0 0
16044 0 0 0 0 0 0 0 0 0 0 0 0 0
16046 0 0 0 0 0 0 0 0 0 0 0 0 0
16047 0.00115 191,967 2,004 0 0 0 193,971 21,297 23,878 1,917 11,540 37,335 58,632
16048 5E-06 46,193 0 0 0 0 46,193 5,072 14,452 0 0 14,452 20,254
16049 0.0017 247,768 2,004 49,954 0 0 299,726 32,908 27,615 2,208 11,540 41,363 74,272
16050 0.01 797,074 2,004 0 0 0 799,078 87,734 84,672 1,917 11,540 98,129 185,864
16052 0.0546] 1,949,079 5,563 390,928 0 0| 2,345,571 257,531 416,379 6,897 11,072 434,348 691,879
16053 0.00124 190,146 2,004 0 0 0 192,150 21,097 18,054 1,917 11,540 31,511 52,609
16054 0.00075 123,852 2,004 25,171 0 0 151,028 16,582 17,488 1,917 11,357 30,762 47,344
16055 8E-06 32,864 0 0 0 0 32,864 3,608 7,737 0 0 7,737 12,513
16056 0.00137 218,417 2,004 0 0 0 220,421 24,201 25,638 1,917 11,540 39,095 63,296
16058 0.003 361,815 2,004 72,764 0 0 436,583 47,934 30,836 1,917 0 32,753 80,688
16059 0.0011 186,408 2,004 0 0 0 188,412 20,687 23,498 1,917 11,540 36,955 57,641
16060 0.0018 266,809 2,004 0 0 0 268,813 29,514 29,301 2,208 11,540 43,049 72,563
16061 0 0 0 0 0 0 0 0 0 0 0 0 0
16062 0.00005 36,642 0 0 0 0 36,642 4,023 8,043 0 0 8,043 19,366
16063 0.0067 664,889 2,004 0 0 0 666,893 73,221 69,765 3,562 11,540 84,867 158,088,
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Table 9-13: BAT Option I11 Subtitle D Non-Hazardous Subcategory (continued)

CAPITAL COSTS($) AM ORTIZED O &M COSTS($/YR) TOTAL
Flow Sludge Permit Total TOTALCAPITAL(a) Solids Total ANNUAL

ID# (MGD) Equipment | Handling Retrofit M odification Land Capital ($/YR) Equipment | Handling [ Monitoring O&M COST ($/YR)(b)

16064 0.01197 885,558 2,004 0 0 0 887,562 97,450 99,486 3,931 11,540 114,957 212,406
16065 0.008 733,057 2,004 147,012 0 0 882,073 96,847 79,121 3,231 11,090 93,442 190,289
16068 0 0 0 0 0 0 0 0 0 0 0 0 0
16070 0.00133 0 0 0 0 0 0 0 0 0 0 0 0
16071 0.006 0 0 0 0 0 0 0 0 0 0 0 0
16072 0 0 0 0 0 0 0 0 0 0 0 0 0
16073 0.0182] 0 0 0 0 0 0 0 0 0 0 0 0
16074 0 0 0 0 0 0 0 0 0 0 0 0 0
16075 0.01021 0 0 0 0 0 0 0 0 0 0 0 0
16076 0 0 0 0 0 0 0 0 0 0 0 0 0
16077 0.00816 0 0 0 0 0 0 0 0 0 0 0 0
16078 0.00499 0 0 0 0 0 0 0 0 0 0 0 0
16079 0.11247( 2,562,809 0 512,562 0 o[ 3,075,371 337,659 848,079 0 11,180 859,259 1,196,918
16083 0.001 165,966 2,004 33,594 0 0 201,564 22,131 21,873 1,735 11,540 35,148 57,279
16084 0.00643 0 0 0 0 0 0 0 0 0 0 0 0
16085 0.03 0 0 0 0 0 0 0 0 0 0 0 0
16088 0.03621 0 0 0 0 0 0 0 0 0 0 0 0
16090 0.00393 0 0 0 0 0 0 0 0 0 0 0 0
16091 0.2321 0 0 0 0 0 0 0 0 0 0 0 0
16092 0.00668 0 0 0 0 0 0 0 0 0 0 0 0
16093 0.08158 2,221,423 0 444,285 0 0f 2,665,708 292,680 625,858 0 11,180 637,038 929,719
16097 0.019| 1,067,839 0 213,568 0 0f 1,281,407 140,692 138,700 0 10,520 149,220 289,912
16098 0 0 0 0 0 0 0 0 0 0 0 0 0
16099 0.01533 0 0 0 0 0 0 0 0 0 0 0 0
16102 001394 1,035,581 0 207,116 0 0f 1,242,698 136,442 127,227 0 11,540 138,767 275,208
16103 0.03756 0 0 0 0 0 0 0 0 0 0 0 0
16107 0.00129 0 0 0 0 0 0 0 0 0 0 0 0
16109 0.05056 0 0 0 0 0 0 0 0 0 0 0 0
16111 0.0072, 0 0 0 0 0 0 0 0 0 0 0 0
16113 0 0 0 0 0 0 0 0 0 0 0 0 0
16114 0.00864 0 0 0 0 0 0 0 0 0 0 0 0
16115 0.00407 0 0 0 0 0 0 0 0 0 0 0 0
16116 0.0042 0 0 0 0 0 0 0 0 0 0 0 0
16117 0.04] 1,562,645 0 312,529 0 o[ 1,875,174 205,884 310,524 0 9,908 320,432 526,316
16118 0.0288 0 0 0 0 0 0 0 0 0 0 0 0
16119 0.00729 603,122 0 120,624 0 0 723,746 79,463 53,202 0 11,117 64,319 143,783
16120 0.04278( 1,569,551 0 313910 0 0f 1,883,461 206,794 312,258 0 9,200 321,458 528,251
16121 0.08028 0 0 0 0 0 0 0 0 0 0 0 0
16122 0.0255| 1,240,783 0 248,157 0 0f 1,488,939 163,478 186,150 0 9,948 196,098 359,576
16123 0.04608( 1,864,917 8,080 374,599 0 0f 2,247,596 246,774 375,504 8,365 11,540 395,409 642,183
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Table 9-13: BAT Option |11 Subtitle D Non-Hazardous Subcategory (continued)

CAPITAL COSTS($) AM ORTIZED 0 &M COSTS($/YR) TOTAL
Flow Sludge Permit Total TOTALCAPITAL(a) Solids Total ANNUAL

ID# (MGD) Equipment | Handling Retrofit M odification Land Capital ($/YR) Equipment | Handling | Monitoring O&M COST ($/YR)(b)

16124 0.01666 0 0 0 0 0 0 0 0 0 0 0 0
16125 0.01419 909,456 0 181,891 0 0 1,091,347 119,824 103,609 0| 10,712 114,321 234,145
16127 0.00363 423,029 2,004 85,007 0 0 510,040 56,000 38,161 2,756 11,540 52,457 108,457
16128 0.00396 0 0 0 0 0 0 0 0 0 0 0 0
16129 0.00469 444502 0 88,900 0 0 533,403 58,565 34,237 0 11,540 45,777, 104,342
16130 0.0003 36,269 0 7,254 0 0 43,523 4,779 2,190 0 11,540 13,730 18,509
16131 0.03 0 0 0 0 0 0 0 0 0 0 0 0
16132 0.03 0 0 0 0 0 0 0 0 0 0 0 0
16135 0.01149 0 0 0 0 0 0 0 0 0 0 0 0
16137 0 0 0 0 0 0 0 0 0 0 0 0 0
16139 0.00005 0 0 0 0 0 0 0 0 0 0 0 0
16140 0 0 0 0 0 0 0 0 0 0 0 0 0
16143 0 0 0 0 0 0 0 0 0 0 0 0 0
16144 0 0 0 0 0 0 0 0 0 0 0 0 0
16146 0 0 0 0 0 0 0 0 0 0 0 0 0
16148 0.00008 0 0 0 0 0 0 0 0 0 0 0 0
16149 0 0 0 0 0 0 0 0 0 0 0 0 0
16150 0.04578 0 0 0 0 0 0 0 0 0 0 0 0
16151 0.00205 0 0 0 0 0 0 0 0 0 0 0 0
16152 0 0 0 0 0 0 0 0 0 0 0 0 0
16153 0.008 0 0 0 0 0 0 0 0 0 0 0 0
16154 0.01022 0 0 0 0 0 0 0 0 0 0 0 0
16155 0.00831 0 0 0 0 0 0 0 0 0 0 0 0
16156 0.173 0 0 0 0 0 0 0 0 0 0 0 0
16158 0.01428 0 0 0 0 0 0 0 0 0 0 0 0
16159 0.225 0 0 0 0 0 0 0 0 0 0 0 0
16160 0.00014 0 0 0 0 0 0 0 0 0 0 0 0
16161 0.053 0 0 0 0 0 0 0 0 0 0 0 0
16162 0.0009 0 0 0 0 0 0 0 0 0 0 0 0
16163 0 0 0 0 0 0 0 0 0 0 0 0 0
16164 0.01 0 0 0 0 0 0 0 0 0 0 0 0
16165 0.03022 0 0 0 0 0 0 0 0 0 0 0 0
16166 0.00342 0 0 0 0 0 0 0 0 0 0 0 0
16169 0 0 0 0 0 0 0 0 0 0 0 0 0
16170 0.0048 507,196 2,004 101,840 0 0 611,040 67,089 44,634 4,078 11,235 59,947 127,036
16171 0.024 0 0 0 0 0 0 0 0 0 0 0 0
16173 0.025 0 0 0 0 0 0 0 0 0 0 0 0
16174 0.0072 0 0 0 0 0 0 0 0 0 0 0 0
16175 0 0 0 0 0 0 0 0 0 0 0 0 0
16176 0.03727 0 0 0 0 0 0 0 0 0 0 0 0
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Table 9-13: BAT Option I11 Subtitle D Non-Hazardous Subcategory (continued)

CAPITAL COSTS($) AM ORTIZED 0 &M COSTS($/YR) TOTAL
Flow Sludge Permit Total TOTALCAPITAL(a) Solids Total ANNUAL

ID# (MGD) Equipment | Handling Retrofit M odification Land Capital ($/YR) Equipment | Handling | Monitoring O&M COST ($/YR)(b)
16177 0 0 0 0 0 0 0 0 0 0 0 0 0
16180 0 0 0 0 0 0 0 0 0 0 0 0 0
16184 0 0 0 0 0 0 0 0 0 0 0 0 0
16185 0 0 0 0 0 0 0 0 0 0 0 0 0
16186 0.00304 0 0 0 0 0 0 0 0 0 0 0 0
16187 0.003 0 0 0 0 0 0 0 0 0 0 0 0
16189 0 0 0 0 0 0 0 0 0 0 0 0 0
16190 0 0 0 0 0 0 0 0 0 0 0 0 0
16191 0 0 0 0 0 0 0 0 0 0 0 0 0
16193 0.0023 0 0 0 0 0 0 0 0 0 0 0 0
16196 0.01223 965,897 11,645 0| 0 0 977,542 107,329 115,547 10,115 11,540 137,202 244531
16197 0 0 0 0 0 0 0 0 0 0 0 0 0
16199 0.0008 0 0 0 0 0 0 0 0 0 0 0 0
16200 0.01142 0 0 0 0 0 0 0 0 0 0 0 0
16201 0.00188 0 0 0 0 0 0 0 0 0 0 0 0
16202 0.01301 0 0 0 0 0 0 0 0 0 0 0 0
16203 0.02 0 0 0 0 0 0 0 0 0 0 0 0
16204 0 0 0 0 0 0 0 0 0 0 0 0 0
16204 0 0 0 0 0 0 0 0 0 0 0 0 0
16205 0 0 0 0 0 0 0 0 0 0 0 0 0
16206 0.05739 0 0 0 0 0 0 0 0 0 0 0 0
16208 0.00334 0 0 0 0 0 0 0 0 0 0 0 0
16211 0.15 0 0 0 0 0 0 0 0 0 0 0 0
16212 0.0007 134,753 2,004 0 0 0 136,757, 15,015 20,233 1516 10,500 32,249 47,264
16215 0 0 0 0 0 0 0 0 0 0 0 0 0
16217 0 0 0 0 0 0 0 0 0 0 0 0 0
16219 0.02544 0 0 0 0 0 0 0 0 0 0 0 0
16220 0.03041 0 0 0 0 0 0 0 0 0 0 0 0
16221 0.00662 0 0 0 0 0 0 0 0 0 0 0 0
16222 0.01548 0 0 0 0 0 0 0 0 0 0 0 0
16222 0 0 0 0 0 0 0 0 0 0 0 0 0
16223 0.02904( 1,531,517 7,768 0 0 0| 1,539,285 169,005 246,811 8,212 10,5001 265,523 434528
16224 0 0 0 0 0 0 0 0 0

16225 0.031 0 0 0 0 0 0 0 0 0 0 0 0
16228 0.00072 0 0 0 0 0 0 0 0 0 0 0 0
16230 0 0 0 0 0 0 0 0 0 0 0 0 0
16231 0 0 0 0 0 0 0 0 0 0 0 0 0
16232 0 0 0 0 0 0 0 0 0 0 0 0 0
16233 0.0097 840,751 9,868 0 0 0 850,619 93,393] 95,062 9,277 11,540 115,879 209,272
16234 0.03083 0 0 0 0 0 0 0 0 0 0 0 0
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Table 9-13: BAT Option I11 Subtitle D Non-Hazardous Subcategory (continued)

CAPITAL COSTS($) AMORTIZED O &M COSTS($/YR) TOTAL
Flow Sudge Permit Total TOTAL CAPITAL(a) Solids Total ANNUAL
|D# (MGD) | Equipment | Handling Retrofit Modification Land Capital ($3/YR) Equipment | Handling | Monitoring| O&M COST ($/YR)(b)
16236 0.00595 0 0 0 0 0 0 0 0 0 0 0 0
16239 0 0 0 0 0 0 0 0 0 0 0 0 0
16240 0 0 0 0 0] 0] 0 0 0 0 0 0 0
16240 0.0056 0 0 0 0 0 0 0 0 0 0 0 0
16241 0 0 0 0 0 0 0 0 0 0 0 0 0
16242 0.0005] 0 0 0 0 0 0 0 0 0 0 0 0
16243 0 0 0 0 0 0 0 0 0 0 0 0 0
16245 0 0 0 0 0 0 0 0 0 0 0 0 0
16246 0.00135 0 0 0 0 0 0 0 0 0 0 0 0
16248 0.01 0 0 0 0 0 0 0 0 0 0 0 0
16249 0 0 0 0 0 0 0 0 0 0 0 0 0
16250 0.0002] 0 0 0 0 0 0 0 0 0 0 0 0
16251 0.0007| 0 0 0 0 0 0 0 0 0 0 0 0
16252 0.005 0 0 0 0 0 0 0 0 0 0 0 0
16253 0.01776| 1,056,810 0 211,362 0 O 1,268,173 139,239 143,068 0 11,068 154,136 293,374
TOTALS 2.694] 29,860,948 76,992| 4,580,148 0 0| 34,518,089 3,789,901 5,442,636 85,588 368,307 5,896,531 9,695,630

(a) Amortization assuming 7%interest over 15 year period.
(b) Off-site disposal costs used for low flow facilities 16048, 16055, and 16062
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Figure 9-1: Option-Specific Costing Logic Flow Diagram
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Figure 9-4
Flocculation O&M Cost Curve
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Figure 9-5
Sodium Hydroxide Capital Cost Curve
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Figure 9-7
Phosphoric Acid Feed Capital Cost Curve
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Phosphoric Acid Feed O&M Cost Curve
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Figure 9-9
Polymer Feed Capital Cost Curve
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Figure 9-10
Polymer Feed O&M Cost Curve
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Primary Clarifier Capital Cost Curve
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Primary Clarifier O&M Cost Curve
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Aeration Basin Capital Cost Curve
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Air Diffusion System Capital Cost Curve
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Air Diffusion System O&M Cost Curve
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Secondary Clarifier Capital Cost Curve
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Secondary Clarifier O&M Cost Curve
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Multimedia Filtration Capital Cost Curve
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Figure 9-20
Reverse Osmosis Capital Cost Curve
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Sludge Drying Beds Capital Cost Curve
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GAC Capital Cost Curve
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GAC O&M Cost Curve
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Brkpnt Chlorination Capital Cost Curve
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Breakpoint Chlorination O&M Cost Curve
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10.0 NON-WATER QUALITY IMPACTS

The operation of wastewater trestment sysems may have ancillary environmentd effects by generating solid

and hazardous residuals and air emissions, and by consuming energy in treatment.

The elimination or reduction of one form of pollution may create or aggravate other environmental
problems. Therefore, Sections 304(b) and 306 of the Clean Water Act (CWA) require EPA to consider
thenon-water quality environmenta impactsand energy requirementsof effluent limitationsguideinesand
standards. Infulfillment of theserequirements, EPA has considered the effect of promulgating the BPT,
BCT, BAT, and NSPSregulationsfor the Landfillsindustry on the creation of additiond ar pollution, solid

and hazardous waste, and energy consumption.

Whileit isdifficult to balance environmental impacts across all media and energy use, the Agency
determined that theimpactsidentified bel ow do not outwel gh the benefits associated with compliance with

the limitations and standards.

10.1 Air Pollution

The primary source of air pollution from landfills results from the microbia breakdown of organic wastes
fromwithinthelandfill. Landfillsare known to be major sources of greenhouse gas emissionssuch as
methane and carbon dioxide. These emissionsare now regulated under the Clean Air Act (CAA) asa
result of the municipal solid waste landfill Standardsof Performancefor New Stationary Sourcesand
Guidelinesfor Control of Existing Sources, promulgated by the EPA on March 12, 1996 (Federal

Register: Volume 61, Number 49) and codified in 40 CFR 60 Subpart CC-Emission Guidelines and
Compliance Timesfor Municipa Solid Waste Landfills and Subpart WWW-Standards of Performance
for Municipa Solid Waste Landfills. Many non-hazardous solid waste landfillsarerequired to collect and
combust the gases generated in thelandfill. Wastewater collected from within thelandfill containsorganic

compoundswhich includevolatile organic compounds (V OC) and hazardousair pollutants(HAP). This
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wastewater must be collected, treated and stored in units which are often open to the aamosphere and may
resultinthevolatilization of certain compounds. Organic pollutantsvoldilizein reaching an equilibriumwith
the vapor phase abovethe wastewater. These volatile organic compounds are emitted to theambient air
surrounding the collection and treatment units. The magnitude of volatile organic compound emissionsis
dependent on factors such asthe physical properties of the pollutants, the temperature of the wastewater,

and the design of the individual collection and treatment units.

Thelandfill effluent guidelineslimitationsare based on the performance of an aerated biologica system.
Wadtewater agration may increasethe volatilization of certain organic compounds, apotentid environmentd
concern. However, indications are that the potentid increesein air emissonsdueto thefind landfill effluent
guidelinewill beminimal. VOCsin hazardouswaste landfill leachate arebeing steadily minimized dueto
the Resource Conservation and Recovery Act (RCRA) land disposal restriction rules, which typically
require aggressive destructive treatment of organicsin hazardous wastes before the waste can be landfilled
(see 40 CFR 268.40 and 268.48).! VOC levesin historic landfill Ieachate (from both hazardous and non-
hazardous waste landfills dating from the 1930s to the mid-1990s) are d o at levelswhich arelow enough
as not to call into question EPA’ s determination to base these rules on the performance of aerated
biologicd systems. Tables6-9, 6-10, and 6-13 in Chapter 6 show the concentrations of VOCsfound in

landfill wastewater.

Furthermore, EPA’ s Officeof Air and Radiation is currently evaluating the air emissonsfrom wastewater
generated at municipd solid waste landfills, and intendsto take this rule into account in determining whether
further controls under section 112 of the Clean Air Act (which requires technology-based standards for

hazardous air pollutants emitted by major sources of emissions of those pollutants) are justified.

There are certain exceptions to these treatment requirements for hazardous wastewater which is
disposed in surface impoundments. RCRA section 3005 (j) (11). However, if this wastewater contains
VOCs above a designated concentration level, then the impoundments are subject to rules requiring
control of theresulting air emissions. 40 CFR 264.1085 and 263.1086.
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(Prdiminary indicationsare that hazardousair pollutant emissionsfrom aeration would beaminor fraction

of those from other landfill emission sources such as landfill gas emissions.)

Inaddition, EPA isaddressingemissionsof volatile organic compoundsfromindustria wastewater through
aControl Techniques Guiddine (CTG) under Section 110 of the CAA. CAA amendments require that
Stateimplementation plansfor certain 0zone nonattainment areas be revised to require the implementation
of reasonably available control technology (RACT) for control of volatile organic compound emissonsfrom
sourcesfor which EPA hasprepared CTGs. 1n September, 1992, EPA published adraft CTG document
entitted “Control of Volatile Organic Compound Emissions from Industrial Wastewater.”
(EPA-453/0-93-056). This document addresses various industries, including the hazardous waste
treatment, storage, and disposal facilities (TSDF) industry, and outlines volatile organic compound
emissions expected from their wastewater treatment systems and methodsfor controlling them. For CTG
guideline purposes, EPA hasincluded Subtitle C and D landfillswith leachate collection systemsin the
TSDFindustry. EPA estimatesthat nearly al landfillsaffected by the Landfillseffluent guidelinewill be
subject tothisCTG for volatile emissonsfromthe r wastewater treetment systems. It wasestimated inthe
CTG draft document that 43 percent of the facilitiesin the TSDF industry are located in areas of ozone
nonattainment. 1n 1994, the draft CTGswererevised to reflect changes that were made in the wastewater
provisions of the Hazardous Organic National Emission Standards for Hazardous Air Pollutants
promulgated by the EPA on April 22,1994 (Federd Register: Volume59, Number 19). EPA published
thesechangesto the CTGsinadocument entitled “ Industriad Wastewater Alternative Control Technology”.

10.2 Solid and Other Aqueous Waste

Severa of thewastewater trestment technol ogiesavailableto comply with thelandfillsregulation will
generate solid and other aqueouswaste. The costsfor the disposal of these other waste residualswere
included in the compliance cost estimates prepared for the regulatory options. Solid wastes generated by
anumber of the BPT, BCT, and BAT wastewater treatment technologiesinclude dudge from clarifiers
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associated with biological treatment and chemical precipitation systems and backwash waters from
filtration systems.

In surveying both subcategories of thisindustry, EPA determined that it iscommon practiceto dispose of
the dudges generated by the on-site wastewater treatment systems directly back into the landfills. This
practice eiminates the need for, and the costs associated with, off-gtedisposal. Analysisof dudge data
collected as part of thisstudy also indicatesthat dudges generated by wastewater treatment systems at
landfillsinthe Subtitle D Non-Hazardous subcategory are non-hazardous, allowing them to be disposed
of at the landfill sites from which they are generated.

Waste sludge generated by wastewater treatment facilities at landfills in the Subtitle C Hazardous
subcategory may be ahazardouswaste, depending upon factors such asthe characteristics of thewaste
deposited in the landfill and the design and operation of the wastewater treatment system. If listed
hazardouswastes, as per 40 CFR 261 Subpart D, are disposed of into thelandfill, the resultant Sudges
from the trestment of landfill generated wastewater will be considered ahazardouswaste. Based upon the
“derived-from” rule found in 40 CFR 261.3(c)(2), the dudge will have the same RCRA waste code asthe
wasteinthelandfill for monofills. For hazardouswaste landfillswhich dispose of more than onetype of
listed hazardous waste and generate a multi-source leachate, the dudge from treetment of the leachate will
have the FO39 RCRA waste code. Sludges from atreated leachate at a landfill which handles only
characteristic wastes, as per 40 CFR 261 Subpart C, will need to be analyzed to determine whether it
exhibits any of the characteristics of a hazardous waste as per 40 CFR 261 Subpart C. EPA has
developed land disposdl redtrictionsasfoundin 40 CFR 268. Thisregulation placesrestrictionsontheland
disposal of wastes and specifies treatment standards that must be met before wastes can be land disposed.
For purposes of this regulation, EPA has assumed that dried sudges from facilities in the Subtitle C
Hazardous subcategory will be returned to the on-site landfill for disposal. Similarly, EPA has assumed
dried dudgesfrom Subtitle D non-hazardousfacilitieswill bereturned to the on-sitelandfill for disposal.
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Listed or characteristically hazardouswaste dudges areto meet applicabl e treatment standards prior to
disposal.

Theincreased amount of dudge created dueto thisregulation will be negligiblein comparison to the daily
volumes of waste processed and disposed in atypica landfill, whether non-hazardous or hazardous. As
aresult, the practice of on-stedigposa hasa minimal impact on landfill capacity. For example, based on
national estimates, the Subtitle D Non-Hazardous subcategory processed approximately 5,300 milliontons
of wastein1992. TheBPT/BCT/BAT wastewater treatment optionswill generate approximately 0.0044
million tons per year of waste solids or only 8.3 x 10° percent of the volume of waste disposed into the
landfill. For the Subtitle C Hazardous subcategory, theBPT/BCT/BAT option will generate gpproximately
194 tons per year of solids, as compared to the national estimate of 550 million tons of waste processed,
which equatesto 3.5 x 10° percent.

Filtration backwash waters are generdly recycled to the beginning of the wastewater trestment system for

reprocessing. This practice eliminates the generation of a waste stream needing disposal.

10.3 Energy Requirements

Theoperation of wastewater trestment equipment resultsin the consumption of energy. EPA estimatesthat
the attainment of the BPT, BCT, and BAT standards will increase energy consumption by avery small
increment over present industry use. Thetreatment technologiesthat arethe basisfor the limitationsand
standards are not energy-intensive, and the projected increase in energy consumptionis primarily dueto
the incorporation of components such as power pumps, mixers, blowers, power lighting and controls, and
heating devices. The associated energy costs are included in EPA's estimated operating costs for
compliance with the guiddine presented in Chapter 9. For example, the BPT/BCT/BAT Option 2 for the
Subtitle D Non-Hazardous subcategory is estimated to consume 3,300 megawatt-hour per year
(Mwhr/year). Thisisequivaent to approximately 1,800 barrelsper year of No.2 fuel oil, ascompared to
the 1992 rate of consumptioninthe United States of 40.6 million barrelsper year. The additiond energy
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demand imposed by thisregulatory option will represent an insignificant increasein the production or
importation of fuel oil. For the Subtitle C Hazardous subcategory, the regulatory option is estimated to

consume 37.3 Mwhr/yr or an equivalent 21 barrels per year of No.2 fuel oil.
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11.0 DEVELOPMENT OF EFFLUENT LIMITATIONS AND STANDARDS

Thischapter presentsthe final effluent limitations guidelines and standardsfor the landfillspoint source
category. EPA basesthefind effluent limitations upon the performance of selected wastewater trestment
systemsat landfill facilitiesand devel opslimitations expressed as monthly-average and daily-maximum
concentrations. The following sections discuss the devel opment of the numerical, technology-based

limitations:

Development of Long-Term Averages, Variability Factors, and Effluent Limitations
Best Practicable Control Technology Currently Available (BPT)

Best Conventional Pollutant Control Technology (BCT)

Best Available Technology Economically Achievable (BAT)

New Source Performance Standards (NSPS)

Pretreatment Standards for Existing Sources (PSES)

O O O O O O O

Pretreatment Standards for New Sources (PSNYS)

11.1 Development of Long-Term Averages, Variability Factors, and Effluent
Limitations

The section below presents a summary of the statistical methodology used in the calculation of effluent

limitations. (Asexplained in section 11.6, et.seq., EPA decided not to establish pretreatment standards

for landfills). A more detailed explanation can befound in the® Statistical Support Document for the Final

Effluent Limitations Guiddinesand Standardsfor the LandfillsPoint Source Category” (EPA-821-B-99-

007).

EPA bases effluent limitations for each subcategory on a combination of long-term average effluent
concentrationsand variability factorsthat account for variation in treatment performance within atrestment

system over time. The Agency developed variability factors and long-term averages from a database
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composed of individual daily measurements of treated effluent at landfills. EPA collected technology
performance datafrom field sampling effortsand from industry-supplied data provided in the Detailed
Monitoring Questionnaire. In Chapter 4, EPA presentsadetail ed description of each datasource. While
EPA sampling datatypically reflectsthe daily performance of asystem over a5-day period, industry-
supplied datafor thisguideline (collected through the Detail ed M onitoring Questionnaire) reflected up to
threeyearsof data. The monitoring dataobtained through the Detailed M onitoring Questionnaireisunique
to each facility in terms of the number of parameters analyzed and the monitoring frequency. Severd
facilities provided information for dozens of pollutants, while others provided data for only afew
parameters. Additiondly, monitoring may have been performed weekly, monthly, or quarterly. Wherever
possible, when ca culating effluent limitations, EPA used acombination of industry-supplied dataand EPA

sampling data to better account for the variability of the treatment of landfill leachate over time.

EPA used these data to develop long-term average concentrations and variability factors, by pollutant and
technology option, for each subcategory. The Agency calculated thefinal limitations by multiplying long-
term average concentrations by the appropriate variability factors. The following paragraphs briefly
describe how EPA determined each of these values. As mentioned above, EPA presentsthe detailed
methodology and data in the Statistical Support Document.

1111 Calculation of Long-Term Averages

For each pollutant selected for regulation (see Chapter 7), EPA calculated long-term average effluent
concentrations for each regulatory option and subcategory. Thefirst step wasto select representative
fecilitiesfrom the EPA databasefor each option. In Section 11.2, EPA explainsthe criteriaused in facility
selection. After selecting thefacilitiesthat best represented atechnol ogy option, EPA reviewed theinfluent
and effluent data supplied for each of theregulated pollutants. In calculating limitations, the Agency used
effluent datafrom EPA sampling episodes and Detailed Monitoring Questionnaires, but it did not use
effluent datafrom the Detailed Questionnaire. The pollutant data submitted in the Detalled Questionnaire

contained the average concentration, the minimum and maximum concentrations, and the number of
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samples, whereasEPA sampling dataand the Detailed M onitoring Questionnaire consisted of individua
daily data. In developing limits, EPA calculated the long-term averages and variability factors using
individua daily data. Furthermore, summary data(likethe datasubmitted inthe Detailed Questionnaire)
may obscure the minimum detection levels used in the sampling data. The use of daily data (like the
Detailed Monitoring Questionnaireand EPA sampling data) in developing limitationsalows EPA to account
for concentration valuesreported at or below thedetection limits. EPA set observations bel ow the sample-
specific detection level equa to the detection leve for the purposesof calculating afacility-level long-term
average. Inaddition, in many cases, EPA considered reported averagesfrom the Detailed Questionnaires
redundant because many facilities aso reported the daily datafrom the Detailed Monitoring Questionnaire
for the sametime period in 1992 and, therefore, EPA would not have used the dataiin the calculation of
limits. However, in determining whether a pollutant was present at treatable levels, EPA relied on data
from any of thethree pollutant datasources. Detailed Questionnaire, Detailed Monitoring Questionnaire,
and EPA analytical sampling episodes. EPA used effluent datafrom afacility only if sufficient influent deta
were available to establish the presence of treatable levels of pollutants. In addition, for each of the
regulated pollutants, the Agency andlyzed dl of the sdlected facilitiesto determineif thefacility was utilizing
treatment technol ogies, apart from those selected as the technol ogy option, that may provide significant
removalsof that particular pollutant. For example, the datafrom afacility that employed carbon adsorption
(atreatment technology that was not part of a selected technology option) would not be used in the
calculation of the limit for a pollutant that may be treated by carbon adsorption. However, if an
intermediate data point that preceded carbon adsorption treatment were avail ablefor thisfacility, then EPA
did consider the use of that data point to characterize the performance of the treatment system up to that
point. Furthermore, EPA edited EPA sampling dataaccording to the criteriaoutlined in Chapter 4, Section
4.9.

Once EPA sdlected the facilities and effluent data points, the Agency calculated the average effluent

concentration for each regulated pollutant at each facility. For facilitiesthat EPA had datafor both five-day
EPA sampling and industry-supplied Detailed M onitoring Questionnaires (representing data.collected over
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the courseof at least ayear), EPA calculated long-term averages separately aslong asthe datesfor the
two datasetsdid not overlap. Therefore, by using both data sets, thelong-term average accounted for the

variability of leachate over alonger period of time.

The Agency estimated the long-term averagefor each regulated pollutant for each BPT/BAT facility by
fitting amodified ddta-lognorma distribution to the daily concentration data. The modified delta-lognormd
distribution model sthe dataas amixture of non-detect observationsand measured val uesthat follow a
lognormd distribution. The Agency selected thisdistribution because of thefollowing reasons: (1) thedata
for many analytes consisted of amixture of non-detects and measured valuesthat were approximately
lognormal, and (2) in caseswherethere are no non-detects, the distribution isequivalent to the usua two-
parameter lognorma. Thisisthe samebasic distributiona model used by EPA inthefina rulemakingsfor
the Organic Chemicals, Plasticsand Synthetic Fibers (OCPSF; 40 CFR Part 414) and the Pulp and Paper
category (40 CFR Part 430) and for the proposed rulemaking for the Centralized Waste Treatment
industrial category (proposed 40 CFR Part 437, 64 FR 2280 January 13, 1999). Inthe Pulp and Paper
and the Centralized Waste Treatment studies, the modified delta-lognormal distribution assumesthat all
non-detects have ava ue equd to the reported sample-gpecific detection levels and that the detected values
follow alognormal distribution. EPA again used thismodel asthe basis of estimatesof thelong-term
average at alandfill facility. In the case of the OCPSF rule, EPA used the same basic model but the
reported non-detect values were set equal to the pollutant analytical minimum level. A more detailed
discussion of the modified delta-lognormal distribution can befound in the Statistical Support Document
for theFind Effluent Limitations Guidelinesand Standardsfor the Landfills Point Source Category” (EPA-
821-B-99-007).

After EPA developed thefacility-level long-term averagesfor each regulated pollutant using the criteria

outlined above, the Agency determined the median of the facility-level long-term averages for each
regulated pollutant in each subcategory. The median of the facility-level long-term averagesfor each
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regulated pollutant wasthe long-term average used in the cal cul ation of the effluent limitation as described

later in this section.

11.1.2 Calculation of Variability Factors

EPA calculated variability factors using the same data sets used to derive the long-term average values.
Aswith the calculation of the long-term averages, EPA fit the daily concentration data to a modified
delta-lognormal distribution. The Agency calculated separate variability factorsfor different averaging
periods (either 1-day, 4-day, or 20-day averages). Thus, EPA applied different variability factorsto daily
data(single measurementswithout averaging) and to monthly-average databased on four measurements
taken once per week (“4-day averages’) or 20 measurements taken once each day, five days aweek
throughout a month (“20-day average’).

For thosefacility data setsthat had at least four observationsfor a given regulated pollutant, including two
detected values, EPA used the modified delta-lognormal model to estimate daily and 4-day or 20-day
averagevaiability factors. Therewere severd instanceswhere EPA could not caculate variahility factors
from the landfills database because EPA measured fewer than two samples above the detection limit. In
these cases, the Agency transferred variability factorsfrom biological treatment systemsused inthefinal
rulemaking of the OCPSF guideline (40 CFR Part 414).

Asstated above, in calculating thevariability factors, EPA assumed alog-normal distribution of the data.
In addition, the Agency used the following:

C The 95th percentile to establish the maximum monthly average.
C The 99th percentile to establish the maximum for any one day.

EPA definesthe daily variability factor astheratio of the estimated 99th percentile of the distribution of
daily vauestothe estimated mean of thedigtribution. Smilarly, the Agency definesthemonthly variability
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factor asthe estimated 95th percentile of the distribution of 4-day or 20-day averages divided by the
estimated mean of the monthly averages. EPA derived amonthly-average and daily-maximum variability
factor for each pollutant and for each regulatory option. For each subcategory, the Agency defined the
daly variability factor for each pollutant asthe average of thefacility-level dally variability factor. Likewise,
EPA definesthe 4-day average variability factor for each pollutant asthe average of thefacility-level 4-day
average variability factors and the 20-day average variability factor for each pollutant asthe average of the
facility-level 20-day average variability factors.

11.1.3 Calculation of Effluent Limitations

The Agency used the median long-term average and the average variability factor for each pollutant in the
cdculation of the effluent limitations. For each subcategory, EPA cdculated the daily-maximum limitations
by multiplying the median of thelong-term average for agiven pollutant by the average daily variability
factor for that pollutant. EPA ca culated the monthly-maximum limitations by multiplying the median long-
term averagefor agiven pollutant by the average 4-day or 20-day variability factorsfor that pollutant. The
Agency used twenty-day average limitationsfor the conventiona pollutants, BOD;and TSS, and four-day

average limitations for other nonconventional and toxic pollutants.

11.2 Best Practicable Control Technology Currently Available (BPT)

EPA promulgated BPT effluent limitationsfor the Subtitle D Non-Hazardous and Subtitle C Hazardous
ubcategories. BPT effluent limitationscontrol identified conventiond, toxic, and nonconventiond pollutants
when discharged from landfill facilitiesto surface waters of the U.S. Generaly, EPA determinesBPT
effluent levelsbased on the average of the best existing performance by facilitiesof varioussizes, ages, and
unit processeswithinan industrial category or subcategory. Inindustria categorieswhere present practices
areuniformly inadequate, however, EPA may determinethat BPT requireshigher levelsof control than any
currently in placeif the technology to achieve those levels can be practicably applied. BPT may be
transferred from adifferent category or subcategory. BPT normally focuses on end-of -processtreatment

11-6



rather than process changes or internal controls, except when these technol ogies are common industry

practice.

Inaddition, the Clean Water Act (CWA) Section 304(b)(1)(B) requires acost-reasonabl eness assessment
for BPT limitations. In determining the BPT limits, EPA must consider the total cost of treatment
technologiesin relation to the effluent reduction benefitsachieved. Thisinquiry doesnot limit EPA's broad
discretion to adopt BPT limitations that are achievable with available technology unless the required
additional reductions are "wholly out of proportion to the costs of achieving such marginal level of

reduction.” A Legidative History of the Water Pollution Control Act Amendments of 1972, p. 170.

Moreover, the inquiry does not require the Agency to quantify benefitsin monetary terms. See e.g.

American Iron and Seel Ingtitute v. EPA, 526 F. 2d 1027 (3rd Cir., 1975).

In assessing the costs rel ative to the benefits of effluent reduction, EPA considersthe volume and nature
of expected discharges after gpplication of BPT, the generd environmenta effects of pollutants, and the
cost and economicimpactsof therequiredleve of pollution control. 1n developing guiddines, the Act does
not require or permit consideration of water quality problems attributable to particular point sources, or
water quality improvementsin particular bodiesof water. Therefore, EPA hasnot considered thesefactors
in developing thefinal limitations. See Weyerhaeuser Company v. Costle, 590 F. 2d 1011 (D.C. Cir.
1978).

Insetting BPT limitationsbased on atreatment technology, EPA doesnot require the use of that technology
to treat landfill wastewater. Rather, to establish thelimits, EPA has demonstrated that the concentration
limitsareachievablebased on awell-operated system using sel ected technol ogies. Thetechnologiesthat
may be used to treet wastewater are left entirely to the discretion of theindividua landfill operator, aslong

as the numerical discharge limits are achieved.
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1121 BPT Technology Optionsfor the Subtitle D Non-Hazar dous Subcategory

Inthe Agency’ sengineering assessment of the best practicable control technology currently availablefor
trestment of wastewater from landfills, EPA first conddered threetechnologies commonly in use by landfills
and other industries as optionsfor BPT: chemical precipitation, biological treatment, and multimedia
filtration.

For itseva uation of chemical precipitation, EPA collected raw wastewater and treated effluent datafrom
severa non-hazardouslandfillsemploying thistechnology. Based onthesedata, EPA removed chemical
precipitation from further consideration asaBPT treatment option. Whilechemical precipitationisan
effective treatment technology for the removal of metals, non-hazardous landfills typically have low
concentrations of metalsin treatment system influent wastewater. Observed metals concentrationswere
typicaly not found at levelsthat would inhibit biologica trestment or that would be effectively removed by

achemical precipitation unit.

EPA sampling datacollected at facilitiesin the Non-Hazardous subcategory showed rdlatively low levels
(lessthan 1 mg/L) of pollutant of interest metal sin untreated landfill generated wastewater. Furthermore,
Table11-1 presents severa sourcesof performance datafor metalsremovalsin activated dudge systems
adongwith published biologicd treestment inhibition rangesand raw wastewater characteristics from the non-
hazardousfacilitiesinthe EPA database. Performancedatafor metalsfrom biological treatment systems
were obtained from the National Risk Management Research Laboratory (NRMRL) Tresatability Database
(formerly called the Risk Reduction Engineering L aboratory (RREL ) Treatability Database), the 50-POTW
Study, and a sampling program conducted at twelve OCPSF facilities that have biological treatment
systems. Meta concentrations in the raw wastewater for this subcategory are below, or closeto, the
published inhibition levelsfor biological treatment systems. A review of performance dataindicatesthat
certain pollutant of interest metal's, such as chromium and zinc, are removed by well-operated biological
treatment processes at relatively high rates. See Table 11-1.
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Based on thisanalysis, EPA concluded that pollutant of interest metals observed in the Non-Hazardous
subcategory generaly are present in landfill generated wastewater at levels that should not effect the
operation and performance of abiological treatment system. Under these circumstances, biological
treatment removes the metals identified as pollutants of interest in the Non-Hazardous subcategory.
Therefore, EPA concluded that biological treatment isan adegquate BPT control technology for pollutant

of interest metalsin the Non-Hazardous subcategory.
Based on the above assessment, EPA developed the following BPT regulatory options. Chapter 8
discussesthesetwo technology optionsin detail and Chapter 9 discussesthe cost estimates devel oped for

these options.

Non-Hazardous Subcategory Option |: Biological Treatment

EPA first assessed the pollutant removal performance of equalization and biological treatment. EPA
evaduated thisas Option | dueto itseffectivenessin removing the large organicloads commonly associated
with leachate. BPT Option | consists of aerated equalization followed by biologica treatment. EPA
included varioustypesof biologica treatment such asactivated dudge, aerated lagoons, and anaerobic and
aerobic biologica towersor fixed film reactorsin caculating limitsfor thisoption. The Agency based the
costsfor Option | on the cost of aerated equdization followed by an extended aeration activated dudge
system and clarification, including dudgedewatering. Figure11-1 presentsaflow diagram of thetreatment
system costed for Option |. Approximately thirty percent of the direct-discharging municipal solid waste
landfillsemployed someform of biological treatment, and fifteen percent had acombination of equaization
and biological treatment.

Non-Hazardous Subcategory Option |1: Biological Treatment and Multimedia Filtration

The second technology option considered for BPT treatment of non-hazardous landfill wastewater was
equdization prior to biologica trestment, followed by secondary darification and multimediafiltration. EPA
evaduated thisasOption |1 duetoitseffectivenessin removing thelarge organic loads and suspended solids
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commonly associated withleachate. Approximately nine percent of thedirect discharging non-hazardous
facilities used the technologies described in Option 1.  EPA based cost estimatesfor Option 11 on the cost
of Option | plusamultimediafiltration sysem. Figure 11-2 presents aflow diagram of the trestment system
costed for this option.

Selected BPT Technology Option

EPA sdected Option |1, equalization prior to biologica trestment followed by secondary clarification and
multimedia filtration, as the technology basis for BPT limitations for the Non-Hazardous landfills
subcategory. EPA sdlected Option |1 for thebasisof BPT limitations because of the demonstrated ability
of biological treatment systemsin controlling organi csand the effectiveness of multimediafiltrationin
removing TSS. EPA’sdecision to base BPT limitations on Option 11 treatment primarily reflectstwo
factors: the degree of effluent reductions attainable and the total cost of the treatment technologiesin
relation to the effluent reductionsachieved. In ng BPT, EPA consdered theage, Size, process, other
engineering factors, and non-water quality impacts pertinent to the facilities treating wastes in this
subcategory. No basis could befound for identifying different BPT limitations based on age, Sze, process
or other engineering factors. Neither the age nor the size of the landfill facility will directly affect the
treatability of the landfill wastewater, as discussed in Chapter 5. For the non-hazardous landfills, the most
pertinent factorsfor establishing the limitations are costs of treatment and thelevel of effluent reductions
obtainable.

EPA has selected Option |1 based on the comparison of thetwo optionsin termsof total costs of achieving
theeffluent reductions, poundsof pollutant removas, economicimpacts, and generd environmenta effects
of the reduced pollutant discharges. BPT Option |1 removed significantly more pounds of conventiona
pollutants than Option | with only amoderate associated cost increase. EPA estimated that BPT Option
I will cost $340,000 (1998 dollars) more annually than BPT Option | for an additional remova of 142,000

pounds of conventional pollutants (mainly TSS).
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Findly, EPA analyzed the costs of both optionsto determinethe economicimpact that thisrulewould have
onthe Landfillsindustry. EPA’s assessment showed that, under either option, only two facilitieswould
incur significant economicimpacts. For thisassessment, EPA defined significant economicimpactsintwo
different ways, depending on the ownership of thefacility. For privately-owned facilities, significant
economic impacts exist when the facility’ s after-tax cash flow is negative following the addition of
compliancecosts. For municipdly-owned facilities, Significant economic impacts occur when theratio of
compliance costs to median household income are greater than one percent. The economic assessment
for thefina ruleisdescribed in the “Economic Analysisfor the Fina Effluent Limitations Guidelines and
Standards for the Landfills Point Source Category.” (EPA-821-B-99-005).

11.2.2 BPT Limitsfor the Subtitle D Non-Hazar dous Subcategory

Sdlection of BPT Facilities

EPA based thefind BPT effluent limitationsfor the Non-Hazardous subcategory on the average of the best
existing wastewater treatment systems. Thefirgt criterion used in the selection of the average of the best
fadlitieswaseffectivetreatment of BOD., Insdecting BPT fadilities, EPA identified fadilitiesthat employed
either Option | or Option 11 technologies. Even though EPA selected Option |1 technologies asthe basis
for developing the BPT effluent limitations, EPA assumed that very littleadditional BOD, remova would
occur because of the multimediafilter employedin Option 11 and, therefore, facilitiesemploying biologica
treatment only (Option I) could achieve good remova of BOD, and be considered BPT. However, in
determining the BPT effluent limitationsfor TSS, EPA only used the datafrom the best performersusing
theentire BPT Option |1 technology (biologicd trestment plusafilter) because of the multimediafiltration

system'’ s effectiveness in removing suspended solids.

Therewere 45 municipal solid waste landfill facilities (see Table 11-2) in the EPA database in the Non-
Hazardous subcategory that utilized abiological treatment system that was considered for BPT. Even
though both Subtitle D municipa solid wastelandfillsand non-municipa solid waste landfillsmake up the
Non-Hazardous subcategory, EPA only considered municipa solid waste facilitiesfor selection asBPT
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for the Non-Hazardous subcategory because the wastewater at these landfills tendsto contain awider
array of pollutantsthan that found at Subtitle D non-municipd facilities. The pollutants found at the non-
municipa facilitiestended to be a subset of the pollutantsfound a the municipa facilities. Infact, dl nine
pollutants of interest for non-municipa facilitieswere aso pollutantsof interest for the municipd facilities
(see Chapter 7). Inaddition, EPA’ s data showed that the pollutants of interest present at non-municipa
facilities were present at concentrations similar to, or less than, the concentrations typically found at
municipal facilities. Therefore, EPA determined that a treatment system that can adequately control
pollutant discharges from amunicipal solid waste landfill should aso be able to control discharges at
Subtitle D non-municipd landfills. EPA discussesits reasonsfor establishing only one subcategory for non-
hazardous landfillsin Chapter 5 and discusses dternative technol ogy options and costs of these optionsin

Chapters 8 and 9, respectively.

Inaddition to the 45 non-hazardous municipal solid wastefacilitiesidentified aspotential BPT, EPA aso
eva uated one hazardousfacility (16041) inthe EPA database. Thisfacility used biologicd trestmentinthe
form of asequentia batch reactor (SBR) totreat itslandfill generated wastewater. Thefacility commingled
leachatefrom both non-hazardous and hazardous landfills prior to treatment by the SBR. In determining
whether it was reasonable to include afacility from the Hazardous subcategory as apotentid BPT facility
in the Non-Hazardous subcategory, EPA evaluated two different factors. First, because the facility
accepted leachate from both hazardous and non-hazardous landfills, EPA sampling data showed that the
wagte stream contained dmost dl of the pollutants of interest for the Non-Hazardous subcategory at smilar
concentrationsto those found in the non-hazardouslandfill raw wastewater database (see Table 11-3).
Atthisfacility, EPA sampling detected al but one of the 32 pollutants of interest for the Non-Hazardous
subcategory in the influent concentration (1,4-dioxane) and EPA did not include four others (barium,
disulfoton, hexaval ent chromium, and n,n-dimethylformamide) in the analytical effort. Therefore, the
Agency determined that the raw wastewater concentrations for the non-hazardous pollutants of interest
fromthishazardousfacility weresimilar to those concentrationsfound at the non-hazardousfacilities.

Second, thefacility achieved good BOD. removal using biologica treatment equivalent to BPT Option .

11-12



Therefore, EPA concluded that atreatment system that can adequately control pollutant dischargesfrom

a hazardous landfill should also be able to control discharges at non-hazardous landfills.

Based on the assessment above, there were 46 in-scope landfill facilitiesin the EPA database that
employed variousformsof biological trestment considered for BPT for the Non-Hazardous subcategory.
EPA evaluated these 46 |andfill facilitiessel ected aspotential BPT candidatesto determinethe performance
acrossthevarioustypesof biological trestment systems. To determinethe best performersfor biological
trestment EPA established anumber of criteria. Thefirst criterionused in the selection of the best facilities
waseffectivetreatment of BOD,. Under thiscriterion, therewere severa reasonswhy afacility might be

eliminated from the selection of BPT facilities.

Of the46 landfill facilitiestresting their wastewater with someform of biologica treetment, only 26 facilities
provided BOD; effluent data in their Detailed Questionnaire or Detailed Monitoring Questionnaire
submitted to EPA or in the data that EPA collected during a sampling episode performed at the facility.
EPA evaluated these data to assess the performance acrossthe various biological systems. Two facilities,
16119 and 16123, provided carbonaceous BOD (CBOD) datarather than BOD. data and, therefore,
EPA removed thesefacilitiesfrom further consderation. EPA diminated thefacilitiesreporting CBOD data
becausetheandyticd resultsof the CBOD testscan differ from the BOD; results, especialy in caseswhere
ammoniaispresentinthewastewater. Table11-4liststhe20facilitiesthat EPA eliminated from further
consderation asBPT facilitiessincethey did not supply BOD; effluent data. Table 11-5 liststhe trestment
in placeat the 26 candidate BPT facilitiesin the Non-Hazardous subcategory that provided BOD, effluent
data. Table 11-6 shows, for the 26 candidate BPT facilities, the baselineflow, thefacility-average raw
wagtewater BOD, concentration, thefacility-average effluent BOD, concentration, theinfluent and effluent
BOD, concentrations from Section C of the Detailed Questionnaire (DET) data, Detailed Monitoring
Questionnaire (DM Q) data, and EPA sampling episodes (ANL) data, and thereason (if any) why EPA
eliminated thefacility asaBPT facility. EPA determined the average raw wastewater BOD, concentration
and average effluent BOD, concentration a afacility by cdculaing the flow-weghted average of thefecility
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dataavailablein Section C of the Detailed Questionnaire, the Detailed Monitoring Questionnaire, and the
data collected during the EPA sampling episode.

Because EPA based BPT limitations on the effectiveness of biological treatment, the Agency diminated
facilitiesthat used additiona formsof treatment for BOD; (other than biologica treatment). EPA, therefore,
removed two Sites (16099, 16125) using carbon trestment in addition to biological treatment from thelist
of candidate BPT facilities. EPA eliminated another facility from consideration (16117) becauseit used
two separate trestment trainsin treating itswastewater, one with biological trestment and the other with
chemical precipitation, before commingling the Sreams a the effluent sample point. After theelimination
of thesethreefacilities, 23 potential BPT facilitiesremained in the EPA non-hazardouslandfill database.

Toensurethat thefacilitieswere operating effective biologica treatment sysems, EPA evauated theinfluent
concentrations of BOD, entering the wastewater trestment systems to determine which facilities had influent
BOD; concentrations that most closely resembled typical non-hazardous landfills. The median
concentration of BOD, for non-hazardous|andfillswas 240 mg/L and the average concentration was 1,229
mg/L. EPA determined that facilitieswith BOD; influent concentrations significantly lower than thesevaues
would not be representative of typical wastewater concentrations found in the Non-Hazardous
subcategory. Therefore, EPA diminated facilitieswhere the influent BOD; was below 100 mg/L. EPA
acknowledgesthat itispossibleto operate abiol ogica trestment system with influent BOD, concentrations
lower than 100 mg/L. Infact, ascan beseenin Table 11-6, four of the remaining candidate BPT facilities
had influent BOD, concentrations much less than 100 mg/L (16077, 16093, 16097, and 16170) and
operated biological treatment systems. Three of these four (16077, 16093, 16097) achieved BOD,
effluent concentrations below the BPT effluent limit despite low influent BOD, concentrations. However,
EPA did receive asignificant number of comments on the proposal stating that the biological trestment
option selected as BPT wasinfeasible for treatment of particular typesof landfill leachate (ash monofill
wastewater in particular) dueto itslow organic content. The BOD, raw wastewater data submitted by

some of these commenterswas below 10 mg/L. The Agency acknowledgesthat in many of these cases
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(suchaswhere BODy islessthan 10 mg/L), the concentration of organic materia in the raw wastewater
istoo low to support biological treatment. Because the guidelines do not require the instalation of any
particular technology to meet the limitations, facilitiesremainfree to use whatever technology they choose
aslong asthese technol ogies can meet the limitations. In response to comments concerning the feasibility
of biologica treatment for certain types of monofillswith very low BOD;in their raw leachate, the Agency
developed costsfor low BOD, fecilitiesin the database for dternative, non-biological treatment such as
breakpoint chlorination, granular activated carbon, and iron co-precipitation. Thesedternateformsof non-
biologica treatment are discussed in Chapter 8 and their associated costs presented in Chapter 9. EPA’s
decision not to further subcategorize the Non-Hazardous landfill subcategory is discussed in Chapter 5.
Therefore, asareault of theinfluent BOD, greater than 100 mg/L edit, EPA did not consider four facilities
(16077, 16093, 16097, and 16170) for BPT.

EPA eliminated eight other facilities (16048, 16049, 16052, 16065, 16161, 16164, 16171, and 16176)
from BPT condderation because they did not supply BOD; influent data (from any datasource). EPA did
not select two facilities (16127 and 16129) because their raw wastewater streams consisted primarily of
non-contaminated storm water or contaminated ground water, which areflowsthat thisregulation doesnot
cover. Asdiscussedin Chapter 6, the Agency did not use monitoring datato characterize landfill generated
wastewater from facilitieswhere out-of-scope wastewater contributed greater than 15 percent of thetotal
wastewater flow. Facility 16129 treated a combined raw wastewater influent stream consisting of 92
percent ground water and 7 percent leachate, and facility 16127 treated a combined raw wastewater
influent stream consisting of 70 percent storm water and 30 percent leachate.  After eimination of these

facilities, atotal of 9 candidate BPT facilities remained.

Thefind requirement for BPT sdectionin the Non-Hazardouslandfill subcategory wasthet the biological
treatment system at the facility had to achieve aBODy effluent concentration lessthan 50 mg/L. EPA
determined that facilities not able to maintain an effluent concentration below 50 mg/L were not operating

their biologica system effectively. Two of the remaining 9 facilities (16088 and 16165) did not achieve
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BOD; effluent concentrations of lessthan 50 mg/L, leaving seven facilitiesin the database. The site-
identification numbersfor the seven facilities selected as BPT are 16041, 16058, 16118, 16120, 16122,
16132, and 16253.

Thesevenfacilitiesthat met dl of the BPT criteriaemployed varioustypes of biologica treatment systems,
including activated dudge, asequentia batch reactor, aerobic and anaerobic biological towersor fixed film,
and aerated ponds or lagoons. Most of the facilities employed equalization tanks in addition to the
biologica treatment, whileseverd facilitiesal soemployed chemicd precipitation and neutraizationintheir
treatment systems. Clarification or sedimentation stagesfollowed the biologica treatment systems. Table
11-7 shows the treatment technologiesin-place at the facilities selected as BPT for the Non-Hazardous
subcategory. EPA used all seven facilities employing well-operated biological treatment systems to
calculatethe effluent limitationsfor BOD,. The averageinfluent BOD, concentrationsto these seven
treatment systems ranged from 150 mg/L to 7,600 mg/L and, as mentioned above, al of the average

effluent concentrations for these seven facilities were below 50 mg/L.

Whilethe BOD; edits discussed above ensure good biologicd trestment and abasic level of TSSremovd,
treatment facilities meeting thislevel may not necessarily be operated for optimal control of TSS. To
ensure that the effluent limitation developed for TSS reflects proper control, EPA established additiona
editing criteriafor TSS.

EPA developedtwo criteriafor editing TSS performancedata. Inadditionto achievingthe BOD, criteria
cited above, EPA required that thefacility employ technology sufficient to ensureadequate control of TSS,
that is, asand or multimediafiltration system. Threeof the seven well-operated biologica systems (16120,
16122, 16253) used sand or multimediafiltersasapolishing step for additional control of suspended solids

prior to discharge.
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The second factor EPA considered was whether the treatment system achieved an effluent TSS
concentration lessthan or equal to 100 mg/L. EPA selected treatment facilities meeting these criteriaas
the average of the best existing performersfor TSS. Table 11-8 ligsthe basdine flow, thefacility-average
raw wastewater TSSconcentration, thefacility-averageeffluent TSSconcentration, theinfluent and effluent
TSS concentrations from Section C of the Detailed Questionnaire (DET) data, the Detailed Monitoring
Questionnaire (DM Q) data, and the EPA sampling episode (ANL) datafor the sevenfacilitiesselected as
BPT in the Non-Hazardous subcategory. EPA determined the average raw wastewater TSS concentration
and average effluent TSS concentration at afacility by calculating the flow-weighted average of thefacility
dataavailablein Section C of the Detailed Questionnaire, the Detailed Monitoring Questionnaire, and the
datacollected during the EPA sampling episode. All threefacilitiesthat employed asand or multimedia
filtration system (16120, 16122, and 16253) achieved an effluent TSS concentration far less than 100
mg/L, and therefore EPA included these among the best existing performersfor TSS. Although facility
16122 meetsthe TSSediting criteria, EPA diminated it from further consderation asBPT for TSSbecause
of potentid settling of TSSin agrated tanksimmediately prior to thefiltersthat are not part of the selected
BPT option. Therefore, EPA selected the remaining two facilities (16120 and 16253) as* average of the
best” existing performers for TSS and based the TSS limitations on these two facilities.

EPA determined that the use of amultimediafilter after biologica treatment with secondary clarification
achieved significantly lower long-term average effluent concentrations of TSSthan the other BPT facilities
that did not employ multimediafiltersafter secondary clarification. Asshownin Table 11-8, thetwo
facilities (16120 and 16253) that employed multimediafiltersafter biologica trestment with clarification
achieved an average effluent TSS concentration of 19.5 mg/L whereasthe other BOD; BPT facilities

without multimedia filters achieved an average effluent concentration of 69.1 mg/L.

Development of BPT Limitations

EPA based the effluent limitationsfor BOD, on al seven non-hazardous BPT facilities, however, the BPT
fecilitiesoftendid not supply datafor al of theregulated pollutants. Therefore, EPA used thedataavailable
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from the seven non-hazardous BPT facilitiesto develop the BPT limitationsfor ammonia, TSS, apha
terpineol, benzoic acid, p-cresol, phenol, and zinc. EPA applied additiond editing criteriato the seven BPT
facilitiesto select the  average of the best” existing performersfor each of the regulated pollutants. The

editing criteria applied to the available data were as follows:

. EPA only used datafrom the seven facilitieswhich passed the BOD, criteriain the cal cul ation of
limits (16041, 16058, 16118, 16120, 16122, 16132, and 16253).

. EPA only used datafrom facilitiesthat passed the TSS criteriain the calculation of TSSIlimits
(16120 and 16253).

C EPA did not use effluent datafrom the Detail ed Questionnaire (16000 seriesdata) inthecaculation
of effluent limits. Thepollutant datasubmittedin the Detailed Questionnaire contained the average
concentration, the minimum and maximum concentrations, and the number of samples, whereas
EPA sampling data and the Detailed Monitoring Questionnaire conssted of individua daily data
Indeveloping limits, EPA cd culated thelong-term averagesand variability factorsusing individua
daly data. Furthermore, summary data (likethe data submitted in the Detailed Questionnaire) may
obscure the minimum detection levels used in the sampling data. The use of daily data (like the
Detailed Monitoring Questionnaireand EPA sampling data) in developing limitationsalows EPA
to account for concentration values reported at or below the detection limits. In addition, in many
cases, EPA considered reported averagesfrom Detailed Questionnairesredundant because many
facilitiesasoreported thedaily datafrom the Detailed Monitoring Questionnairefor the sametime
period in 1992 and, therefore, EPA would not have used the data in the calculation of limits.
However, EPA did use, in caseswhereno other influent datawere available, influent datafrom
the Detailed Questionnaire to show that a landfill had treatable levels of a pollutant in the
wastewater.

. Since chemical precipitation was not part of the selected BPT Option for the Non-Hazardous
subcategory, EPA did not use datafrom BPT facilitiesemploying chemical precipitation when
developing limitationsfor metals. Therefore, sincezinc wasthe only meta regulated, EPA did not
include zinc effluent datafrom four of the seven facilitiesthat employed chemica precipitationin
the calculation of zinc limitations (16118, 16120, 16122, and 16253). In the Non-Hazardous
subcategory, EPA determined that the levels of zinc found in raw wastewater were a low enough
concentrationsthat chemical preci pitation wasnot anecessary treatment technology. Inthe Non-
Hazardous landfill subcategory, EPA’s sampling, for the most part, did not find zinc raw
wastewater concentrations that would inhibit biological treatment. In addition, raw wastewater
concentrations of zinc weretypicaly lessthan 1 mg/L, aleve that would not be effectively removed
by achemical precipitation system.
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EPA did not usefacility datademonstrating zero or negative percent removasin the calcul ation of
limits. No facility datain the Non-Hazardous subcategory met this criterion.

EPA did not include datafromfacility 16120 inthe ca culation of ammonialimitations becausethe
treatment system included air stripping.

EPA only used effluent dataif sufficient influent datawere available to establish the presence of
trestablelevesof pollutants. The Agency only used effluent datain calculating limitsif influent deta
for agiven pollutant wereavailablefor afacility. Incaseswhereafacility supplied effluent detafor
aparticular pollutant but did not supply influent dataiin the Detailed M onitoring Questionnaire (or
suppliedinfluent databelow atreatablelevel), EPA used the effluent dataso long asinfluent data
were available from the EPA sampling episode or the Detailed Questionnaire at a concentration
aboveatreatablelevel. However, EPA did not use effluent datafrom EPA sampling episodesto
cdculaelimitsunless matching influent datafrom the EPA sampling episodewere at concentrations
above treatable |evels.

For the EPA sampling episodeat facility 16122, EPA did not usethe effluent data collected from
sample point 08 inthe cal culation of the limits because this sample point was|ocated after two
aerated holding tanks operated in pardld just prior to the multimediafilter (which was not part of
the selected treatment option after biological treatment). Instead, EPA used datafrom sample
point 07 (after biological trestment but before aeration in the holding tanks) in the cal culation of
limitsfor thefina rule. Inaddition, EPA did not use effluent datafrom the Detailed Questionnaire
and Detailed Monitoring Questionnaire from facility 16122 in the cal culation of limitsbecause the
data were from sample point 03, which islocated after the aeration tanks.

InTable 11-9, EPA presentsthe non-hazardous BPT facilities and sample points used to ca cul ate the non-

hazardous BPT limitationsfor conventional, nonconventiona, and toxic pollutants. Table 11-10 presents

thenon-hazardous BPT facilitiesand samplepointsthat EPA did not useto calculatethe BPT limitations

and the reason for their exclusion. Table 11-11 presents EPA's final BPT limitations for the Non-

Hazardous subcategory.

Tables 11-12 and 11-13 present the national estimates of the pollutant of interest reductions for the

BPT/BAT optionsfor themunicipa solid waste Subtitle D landfillsand non-municipa Subtitle D landfills,

respectively. Table11-14 and Table 11-15 summarize the estimated amount of pollutants discharged
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annually from direct discharging municipa landfills and direct-discharging non-municipal landfills,

respectively, before and after the implementation of BAT for the Non-Hazardous subcategory.

EPA based all of the estimated costs on afacility installing aerated equalization tanks followed by an
activated dudge biologica sysem with darification and amultimediafilter and included adudge dewatering
system. Onanationa scale, EPA estimatesthat theimplementation of the BAT effluent limitationswill
require acapital cost of $18.87 million and annual operating cost of $6.50 million resulting in atotal
annualized cost of $7.64 million (pogt-tax) for the Subtitle D Non-Hazardous subcategory (1998 dollars).

11.2.3 BPT Technology Optionsfor the Subtitle C Hazar dous Subcategory

EPA’ssurvey of the hazardous landfillsindustry identified no in-scope respondents that were classfied as
direct dischargers. All of the hazardous landfills within the scope of the rule are either indirect or
zero/dternative dischargers. Consequently, EPA could not evaluate any treatment systemsin-place at
direct-discharging hazardous landfills for establishing BPT effluent limitations. Therefore, EPA relied on
information and data from widely available trestment technologiesin use at hazardous landfill facilities
dischargingindirectly and at non-hazardouslandfill sdischarging directly andindirectly, termed*technol ogy
transfer.” EPA concluded that thetechnol ogy in-place at someindirect hazardouslandfillsisappropriate
to use asthe basisfor regulation of direct dischargers because the wastewater generated at hazardous
wagtelandfillsdischarging directly would be smilar in character to thewastewater from indirect-discharge

hazardous waste landfills.

Based on thisassessment, EPA devel oped thefollowing BPT regulatory optionsfor establishing BPT
effluent limitationsfor the Hazardouslandfill subcategory: 1) aerated equalization followed by chemical
precipitation with clarification and multimediafiltration, 2) aerated equalization followed by chemical
precipitation with clarification, biologica trestment with secondary clarification, and multimediafiltration,
and 3) zero or dternative discharge. Chapter 8 discussesthese optionsin detail and Chapter 9 discusses

the cost estimates devel oped for these options.
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Hazardous Subcategory Option |: Chemical Precipitation and Multimedia Filtration

EPA first assessed the pollutant removal performance of equalization, chemical precipitation, and
multimediafiltration. EPA evauated chemicd precipitation asatrestment technol ogy because of themetd's
concentrationstypically found in hazardous landfill |eachate and the efficient metals removas achieved
through chemica precipitation. EPA aso evauated multimediafiltration as an appropriate technology to

remove additional levels of metals and TSS following chemical precipitation.

Hazardous Subcategory Option|1: Chemica Precipitation, Biologica Treatment, and MultimediaFiltration

The second technology option considered for BPT treatment of hazardous landfill wastewater was aerated
equalization, chemical precipitation, and biological treatment with secondary clarification, followed by
multimediafiltration. EPA evaluated these technologies as Option 11 because of the effectiveness of
chemicd precipitation in removing metasand the effectiveness of biologica treatment in removing the high
organic loads present in the leachate. The Agency considered multimediafiltration to be an appropriate
technology for consideration because of its effectivenessin removing TSS and metals remaining after

primary or secondary clarification.

Hazardous Subcategory Option |11: Zero or Alternative Discharge

Finaly, EPA considered azero or aternative discharge option asBPT Option 111 because asignificant
segment of theindugtry is currently not discharging wastewater to surface waters or to POTWs. The zero
or dternative digposa option would requirefacilitiesto dispose of their wastewater in amanner that would

not result in wastewater discharge to a surface water or aPOTW.
Methods of achieving zero or alternative discharge currently in use by hazardous landfills are deep well

injection, solidification, and contract hauling of wastewater to a Centralized Waste Treatment (CWT)
facility or to alandfill wastewater treatment facility. Thirty sevenfacilitiesare estimated to inject landfill
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wagtewater underground onsite, 103 facilitiessend their wastewater toaCWT or landfill trestment system,

and one facility solidifies wastewater.

Selected BPT Technology Option

EPA sdlected Option 11, aerated equalization and chemical precipitation followed by biological trestment
with secondary clarification and multimediafiltration, asthetechnology basisfor BPT limitationsfor the
Hazardous landfills subcategory. EPA sdected Option 11 because of the demonstrated ability of biologica
treatment and multimediafiltration in removing the large organic loads and suspended solids associated
with hazardousleachate. Metasin theraw wastewater will be removed prior to the biological trestment
system using chemical precipitation. Figure 11-3 presentsaflow diagram of thetreatment systemfor this

option.

EPA eliminated Option | from consideration becauseit did not control organic pollutants effectively. In
addition, based on consideration of comments submitted on the proposal, EPA decided not to establish
BPT limitations based on zero or dternative discharge. EPA concluded that, for theindustry asawhole,
zero or alternative discharge options are either not viable or the cost iswholly disproportionate to the
pollutant reduction benefits and, thus, not “ practicable.” Furthermore, the commenters submissions
support EPA’ sdecision to reject zero or dternative discharge asthe technology basisfor BPT (or BAT)
limitations for hazardous landfills. While EPA supportsthe use of zero or dternative discharges particularly
whereit doesnot result in mediatransfer of pollutants, many of the avail able zero discharge optionshave
identifiable shortcomings, such astransfer of waste resduasto another media (e.g., ground water, soil) or

the availability of an alternative disposal option only in certain geographic locations.

For example, one demonstrated aternative disposal option for large wastewater flowsisunderground
injection. However, thisisnot considered apractically available option on anationwidebasis becauseit
isnot alowed in many geographic regionsof the country wherelandfillsmay belocated. Theserestrictions
may preclude underground injection a agiven landfill. 1n such circumstances, landfillswould need to resort
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to contract hauling to aCWT facility. Unlessthe CWT itself were azero discharge facility, the ultimate
result would be trestment and discharge to surface waters or aPOTW following waste treatment that may
be no more effectivethan that provided on site. Thismight result in substantia transportation costsfor the
landfill and associated non-water quality environmenta impacts (e.g., truck emissions) resulting in no net
reductioninthe discharge of pollutants. EPA’ssurvey demondtrated that only landfillswith relatively low
flows (under 500 gpd) currently contract haul their wastewater toaCWT. The costs of contract hauling
aredirectly proportional to the volume and distance over which the wastewater must be transported,
generally making it excessively costly to send large wastewater flowsto a CWT, particularly if it isnot

located nearby.

EPA evauated the cost of requiring al hazardouslandfillsto achieve zero or dternative discharge status.
For the purposes of costing, EPA assumed that afacility would haveto contract haul wastewater off site
because it may beimpossible to pursue other zero or aternative discharge options. EPA concluded that
the cost of contract hauling off sitefor high flow facilitieswas unreasonably high and disproportionateto
theremovaspotentialy achieved. In addition, EPA concluded that the wastewater shippedtoaCWT will
typically receivetreatment equiva ent to that promulgated, and that zero/dternative dischargerequirements
would result in additiona coststo discharge without greater removalsfor hazardous landfill wastewater.
To cdculate cogtsfor thisoption, EPA estimated that al facilities currently discharging to a POTW would
have to contract haul wastewater approximately 500 milesto aCWT facility. EPA based cost estimates
on a$0.35 per gallon disposa cost at a CWT facility, and $3.00 per loaded mile for transport. EPA
estimated the total cost to the industry at approximately $30 million dollars.

11.24 BPT Limitsfor the Subtitle C Hazar dous Subcategory

Sdlection of BPT Facilities

EPA based the BPT effluent limitationsfor the Hazardous subcategory upontheaverage of thebest existing
landfill facilities. Based on the characteristics of hazardous landfill |eachate and on an evaluation of

appropriate technology options, the Agency sel ected aerated equalization, chemical precipitation, and
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biologicd trestment followed by secondary clarification and multimediafiltration as BPT technology for the
Hazardous subcategory. Asprevioudy noted, EPA relied on datafrom both hazardous and non-hazardous
facilitiesto develop thelimitationsfor this subcategory. Becausethere are currently no hazardous landfills

discharging directly, EPA used data from indirectly discharging facilities to develop the limitations.

Apart from the 139 hazardous, zero, or aternative discharge facilities estimated to bein the U.S. based
on theresponsesto the Detailed Questionnaire, EPA identified only three other hazardous respondents
(16017, 16041, and 16087) to the Detailed Questionnaire, al of which discharged indirectly to POTWs.
Facility 16017 only collected and treated landfill gas collection condensate which was very dilute, had low
flows, and required only minimal treatment (neutralization using ammonia) prior to discharge.
Consequently, EPA did not consider thisfacility as appropriate for establishing BPT limitations. Thetwo
remaining facilities (16041 and 16087) both had treatment systems in-place that achieved very good
pollutant reductions. Thetreatment at facility 16087 cong sted of equalization andachemica precipitation
unit followed by an activated dudge system with secondary clarification; the other facility (16041) utilized
equalization tanks and a sequential batch reactor. The treatment systems in-place at these indirect-
discharging hazardous facilities achieved | ow effluent concentrations with average removal s of 88 to 98
percent of organic toxic pollutants, and 55 to 80 percent of metal pollutants. Thus, EPA concluded that
both facilities should be used in the development of the Hazardous subcategory BPT limitations for
nonconventional and toxic pollutants. Table 11-16 presentsthe treatment technol ogiesin-place at the

facilities selected as BPT for the Hazardous subcategory.

Development of BPT Effluent Limitations

Asdiscussed above, because therewereno direct-discharging hazardousfacilitiesin EPA’ sdatabase, the
Agency relied on technology transfer to establish BPT effluent limitations, using performance datafrom
treatment technol ogiesat hazardouslandfill facilitiesdischarging indirectly and non-hazardousfacilities
discharging directly and indirectly. EPA used the data from the two hazardousindirect-discharging facilities
(16041 and 16087) to cal culate the BPT effluent limitationsfor the following toxic pollutant parameters:
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alphaterpineol, aniline, arsenic (total), benzoic acid, chromium (total), naphthalene, p-cresol, phenoal,
pyridine, and zinc (total). Chapter 7 discusses the methodology used to select toxic pollutants for
regulation.

EPA concluded that establishing BPT effluent limitationsfor ammonia, BOD., and TSS based only on
performance datafrom these two hazardousindirect-discharging facilitieswas not gppropriate. Ingenerd,
removal of classical pollutant parameters such as ammonia, BOD,, and TSSin treatment systems at
indirect-discharging facilitiesisincidental to toxic pollutant removals, since these pollutants areamajor
component of domestic sewage and are adequately treated at POTWSs. Since removals of ammonia,
BOD,, and TSS at these two hazardousindirect-discharging facilities ranged from poor to adequate, EPA
concluded that the use of performance datafrom BPT facilitiesin both the Hazardous and Non-Hazardous
subcategories that employed variations of biological treatment would result in more representative

hazardous BPT effluent limitations for these pollutants.

EPA supplemented the Hazardous subcategory data for these three pollutants with data from non-
hazardous landfill facilities. For calculation of BPT effluent limitationsfor BOD., EPA supplemented the
performance data from the two hazardous indirect-discharging facilities (16041 and 16087), with
performance datafrom direct- and indirect-discharging non-hazardous facilities (16058, 16118, 16120,
16122, 16132 and 16253) to obtain amore representative mix of facilities. For calculation of BPT effluent
limitationsfor TSS, because neither of the treatment systems for the two hazardousindirect-discharging
fadilitiesincluded multimediafiltration to control TSS discharges, EPA used technology transfer to establish
TSSlimitations, using performance datafrom two non-hazardous facilities (16120 and 16253) that passed
the TSS effluent editing criteriafor the BPT effluent limitations for Non-Hazardous subcategory.

For caculationof BPT effluent limitationsfor anmonia, sncethetrestment system for only one of thetwo
hazardous indirect-discharging facilitieswas considered agood performer (16041), EPA supplemented
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these datawith performance datafrom two non-hazardous BPT facilities (16122 and 16132) that were

considered good performersin the Non-Hazardous subcategory.

In addition, EPA applied editing criteriato the datato determine thefind list of BPT facilitiesand sample
points used to devel op the BPT limitsfor the Hazardous subcategory. The editing criteriaapplied to the

available data were as follows:

. EPA only used datafrom the two hazardousfacilitiesselected as BPT (16041 and 16087) inthe
calculation of limitsfor toxic pollutants (except anmmonia).

C EPA used technology transfer from the Non-Hazardous subcategory in establishing limits for
BOD,, TSS, and ammonia.

. EPA only used datafrom facilitiesthat passed the TSS criteriain the calculation of TSSIlimits
(16120 and 16253).

C EPA did not use effluent datafrom the Detail ed Questionnaire (16000 seriesdata) inthecaculation
of effluent limits. Thepollutant datasubmittedin the Detailed Questionnaire contained the average
concentration, the minimum and maximum concentrations, and the number of samples, whereas
EPA sampling data and the Detailed Monitoring Questionnaire conssted of individua daily data
Indeveloping limits, EPA cd culated thelong-term averagesand variability factorsusing individua
daly data. Furthermore, summary data (likethe data submitted in the Detailed Questionnaire) may
obscure the minimum detection levels used in the sampling data. The use of daily data (like the
Detailed Monitoring Questionnaireand EPA sampling data) in developing limitationsalows EPA
to account for concentration values reported at or below the detection limits. In addition, in many
cases, EPA considered reported averagesfrom Detail ed Questionnairesredundant because many
facilitiesaso reported the daily datafrom the Detailed Monitoring Questionnairefor the sametime
period in 1992 and, therefore, EPA would not have used the datain the calculation of limits.
However, EPA did use, in caseswhere no other influent datawere available, influent datafrom the
Detailed Questionnaire to show that alandfill had trestable levels of a pollutant in the wastewater.

C EPA did not usefacility datademongtrating zero or negative percent removasin the calculation of
[imits.
. EPA did not include datafromfacility 16120 inthe ca culation of ammonialimitations becausethe

treatment system included air stripping.
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. EPA only used effluent dataif sufficient influent datawere available to establish the presence of
trestablelevesof pollutants. The Agency only used effluent datain calculating limitsif influent deta
for agiven pollutant wereavailablefor afacility. Incaseswhereafacility supplied effluent detafor
aparticular pollutant but did not supply influent dataiin the Detailed M onitoring Questionnaire (or
suppliedinfluent databelow atreatablelevel), EPA used the effluent dataso long asinfluent data
were available from the EPA sampling episode or the Detailed Questionnaire at a concentration
aboveatreatablelevel. However, EPA did not use effluent datafrom EPA sampling episodesto
cd culatelimitsunless matching influent datafrom the EPA sampling episode are at concentrations
above treatable |evels.

Table 11-17 presents the hazardous BPT facilities and sample points used to cal culate the hazardous BPT
limitationsfor conventional, nonconventional, and toxic pollutants. Table 11-18 presentsthe hazardous
BPT facilities and sample points EPA did not use to calculate the BPT limitations and the reason for their
exclusion. In Table 11-19, EPA presentsthe final BPT limitations for the Hazardous subcategory.

Sincethereare no direct discharging hazardous landfillsin the EPA database, EPA could not estimate
pollutant reductions as aresult of the regulation and the average facility costsfor implementation of the

regulation.

11.3 Best Conventional Pollutant Control Technology (BCT)

BCT limitations control the discharge of conventiona pollutantsfrom direct dischargers. Conventiona
pollutantsinclude BOD, TSS, oil and grease, and pH. BCT isnot an additiona limitation, but rather
replaces BAT for the control of conventional pollutants. To develop BCT limitations, EPA conductsa
cost-reasonabl eness evaluation, which consists of a two-part cost test: 1) the POTW test and 2) the
industry cost-effectiveness test.

Inthe POTW test, EPA cal culatesthe cost per pound of conventional pollutantsremoved by industrial
dischargersin upgrading from BPT to aBCT candidate technology and then compares thisto the cost per
pound of conventiona pollutants removed in upgrading POTWsfrom secondary totertiary treetment. The
upgrade cost to industry, which isrepresented in dollars per pound of conventional pollutants removed,
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must be less than the POTW benchmark of $0.25 per pound (in 1976 dollars). In the industry cost-
effectivenesstest, theratio of theincrementa BPT to BCT cost, divided by the BPT cost for theindustry,

must be less than 1.29 (i.e. the cost increase must be less than 29 percent).

For thefinal rule, EPA established effluent limitations guidelines and standards equivaent to the BPT
guidelinesfor the conventiona pollutants covered under BPT for both subcategories. In developing BCT
limits, EPA considered whether there are technol ogies that achieve greater removals of conventional
pollutants than for BPT and whether those technol ogies are cost-reasonabl e according to the BCT cost-
reasonablenessevauation. |neach subcategory, EPA identified no technol ogiesthat can achieve greater
removalsof conventional pollutants than those promulgated for BPT that are al so cost-reasonabl e under
theBCT codt-reasonablenesseva uation, and, accordingly, EPA established BCT effluent limitationsequal
to the BPT effluent limitations guidelines and standards.

114 Best Available Technology Economically Achievable (BAT)

Thefactorsconsideredin establishingaBAT level of control include thefollowing: the age of process
equipment and facilities, the processes employed, process changes, the engineering aspects of applying
varioustypes of control techniquesto the costs of applying the control technology, non-water quality
environmenta impacts such as energy requirements, air pollution and solid waste generation, and such other
factorsasthe Administrator deems appropriate (Section 304(b)(2)(B) of the Act). Ingeneral, theBAT
technology level representsthe best existing economically achievable performanceamong facilitieswith
shared characterigtics. BAT may include process changesor interna plant controlswhich are not common

intheindustry. BAT may aso be transferred from a different subcategory or industrial category.

EPA promulgated BAT effluent limitationsfor both landfill subcategories based upon the same technologies
evauated and selected for BPT. TheBAT effluent limitationscontrol identified toxic and nonconventional
pollutants discharged from facilities. EPA did not identify any additional technol ogies beyond BPT that

could provide additional toxic pollutant removals and that are economically achievable.

11-28



11.4.1 BAT Limitsfor the Subtitle D Non-Hazar dous Subcategory

EPA evduated reverse osmos stechnology asapotentia option for establishing BAT effluent limitsmore
gtringent than BPT for the control of toxic pollutantsfor the Non-Hazardous subcategory. EPA considered
reverse osmosis for evaluation because of its effective control of awide variety of toxic pollutantsin

addition to controlling conventional and nonconventional parameters.

EPA evauated BAT treatment options as an increment to the baseline treatment technology used to
develop BPT limits. Therefore, the BAT Option |11 consisted of BPT Option |1 (biological treatment
followed by multimediafiltration) followed by asingle-stage reverse osmosisunit. Figure 11-4 presents
aflow diagram of the treatment system costed for BAT Option I11. EPA acknowledges that reverse
osmosistreatment of landfill wastewater does not requirebiologica pretrestment. However, in evauating
potential BAT options, EPA considers the removal and costs of BAT in addition to the selected BPT
option. Therefore, to analyzetheincremental remova sand incremental costs, EPA evauated thereverse

osmosis system after the selected BPT option (biological treatment and multimediafiltration).

EPA promulgated limitsbased on aBAT technology that isequivaent to the BPT technology. After an
assessment of costsand pollutant reductions associated with reverse osmosis, EPA concluded that limits
should not be established based on more advanced treatment technol ogy than the BPT technology. EPA
concluded that abiologica system followed by multimediafiltration would removethe mgjority of toxic
pollutants, leaving the Single-stage reverse osmosisto treet the very low levels of pollutants that remained.
Inthe Agency’ sandysis, BPT Option Il removed 170,000 pounds of toxic pollutants per year, whereas
BAT Option |11 removed 172,000 poundsof toxic pollutantsper year. Thesmall incremental removal of
pounds of toxic pollutants achieved by BAT Option |11 was not justified by the large cost for the reverse
osmosistreatment system. Accordingto EPA’scosting analysis, the BAT Option I11, consisting of BPT
Option Il plusreverse osmosis, was estimated to cost the Landfillsindustry $130.3 million in capital costs
(1998 dollars) and $45.95 millionin annualized costs (pre-tax, 1998 dollars). By contrast, the selected
option, BPT Option I, had capital costs of $18.87 million (1998 dollars) and annualized costs of $7.64
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million (post-tax, 1998 dollars). It should be noted that reverse osmosis was much more effective than the
BPT Option |1 a removing the often-high quantities of dissolved metals such asiron, manganese, and
auminum. However, these parameterswerenot included in the cal cul ation of pound-equivaent reductions

dueto their use as treatment chemicals.

Table 11-20 compares the long-term averages achieved by BPT Option |1, consisting of equalization,
biologica treatment, and multimediafiltration, to thelong-term averages achieved by the reverse osmoss
treatment system. For the long-term average comparison, the effluent concentrations are from the reverse
osmosis treatment system sampled by EPA and described in Section 8.2.1.5, including the flow diagram
in Figure 8-30. Table 11-20 shows BPT Option |1 achieves very low effluent concentrations that are

similar to the effluent concentrations achieved by the reverse osmosis system.

Several commenters on the proposa supported EPA’ s decision to reject reverse osmosis as the selected
technology option. While EPA rejected reverse osmosisasthe basisfor BAT limitations becauseit was
very expensive and achieved very little additional removal of pollutant, other technical factors also
supported thisdecision. EPA agreeswith the commentersthat there may be additiona site-specific costs
associ ated with the operation of reverse osmoss systemsaat landfillsthat it could not directly factor intoits
cost analysis. EPA found that it was difficult to evaluate potential operating and concentrate-disposa
problems and the associated potential increase in the cost of operating areverse osmosis system at a
landfill. Thefact that reverse osmosisisatechnology that concentrates rather than destroys pollutantsis
animportant consideration. These concentrates till need to betreated and disposed and, as noted by one
commenter, some states may not allow them to be recycled back into the landfill. Further, recirculation
may inhibit rather than stimul ate anaerobic decomposition of thelandfilled wastes. Whilethe sudges
generated by chemical precipitation and biological treatment require minimal treatment prior to disposal,

reverse 0smosis concentrates may require additional costly treatment steps prior to final disposal.
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11.4.2 BAT Limitsfor the Subtitle C Hazar dous Subcategory

Asdtated inthe BPT analysis, EPA’ ssurvey of the hazardous landfillsindustry identified no in-scope
respondentswhich wereclassified asdirect dischargers. All of the hazardouslandfillsinthe EPA survey
were indirect or zero or aternative dischargers. Therefore, the Agency based BPT limitations on
technology transfer and treatment systemsin placefor indirect dischargersin the Hazardous subcategory
and on treatment systems in-place for BPT facilities in the Non-Hazardous subcategory. In EPA’s
engineering assessment of the possible BAT technology for direct-discharging hazardousfacilities, EPA
evauated thesamethree potential technology optionsasthose evauated for BPT for the Hazardouslandfill
subcategory. Thesetechnology optionswere 1) aerated equali zation followed by chemical precipitation
with clarification and multimediafiltration, 2) aerated equalization followed by chemical precipitationwith
clarification, biologica treatment with secondary clarification, and multimediafiltration, and 3) zero or
aternative discharge, asexplained above. EPA hasidentified no other technol ogiesthat would represent
BAT level of control for thisindustry.

EPA determined that BAT limitsshould be established based on the same technol ogy evauated for BPT
limits. Asexplained aboveat Section 11.2.3, zero or dternative dischargeisnot an available dternative
treatment technology for thisindustry. Therefore, EPA promulgated BAT effluent limitationsfor the
Hazardouslandfill subcategory based upon the sametreatment technol ogy selected for BPT: equalization
prior to chemical precipitation with clarification, followed by biological treatment with secondary

clarification, and multimedia filtration.

115 New Sour ce Perfor mance Standar ds (NSPS)

New Source Performance Standards under Section 306 of the Clean Water Act represent the greatest
degreeof effluent reduction achievabl ethrough the gpplication of the best avail able demonstrated control
technology for al pollutants(i.e. conventiona , nonconventional , and toxic pol lutants). NSPSareapplicable
to new industrid direct-discharging facilities, for which construction has commenced after the publication

of final regulations. Congress envisioned that new treatment systems could meet tighter controlsthan
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existing sources because of the opportunity to incorporate the most efficient processes and treatment
sysemsinto plant design. Therefore, Congressdirected EPA, in establishing NSPS, to consider the best
demonstrated process changes, in-plant controls, operating methods, and end-of-pipe treatment

technol ogies that reduce pollution to the maximum extent feasible.

EPA established New Source Performance Standards (NSPS) that would control the same conventiondl,
toxic, and nonconventiona pollutants promulgated for control by the BAT effluent limitations for both
subcategories. Thetrestment technol ogiesused to control pollutantsat existing facilitiesarefully applicable
to new facilities. Furthermore, EPA has not identified any other technologies or combinations of
technologies that are demonstrated for new sources that are different from those used to establish
BPT/BCT/BAT for existing sources. Therefore, EPA established NSPS limitationsthat areidentical to
those promulgated in both subcategories for BPT/BCT/BAT.

Inthe proposed rule, EPA solicited comments and data on other technol ogiesthat may be appropriatefor
the treatment of landfill leachate from new sources. One commenter urged EPA to consider reverse
osmosis as an gppropriate technology for the treatment of leachate. While EPA acknowledgesthat reverse
osmosiscantreat landfill leachateto levelsequivaent to, and evenlower than, thefinal BAT limitations,
EPA concluded that the reverse osmosis treatment system did not remove significantly more pounds of
toxic pollutants than the trestment option selected asBAT. Therefore, EPA concluded that thelarge costs
associated with the ingtalation, operation, and maintenance of areverse csmos's system would not justify
the small incrementa removal of pounds of toxic pollutants achieved. Therefore, EPA ispromulgating

NSPS limitations that are identical to those in each subcategory for BPT/BCT/BAT.

11.6 Pretreatment Standardsfor Existing Sources (PSES)

Section 307(b) of the Act requires EPA to promulgate pretreatment standards for pollutants that are not
susceptible to treatment by POTWSs or which would interfere with the operation of POTWs. After a
thorough analysisof indirect-discharging landfillsinthe EPA database, EPA has decided not to establish
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PSESfor either subcategory in the Landfills Point Source Category. For the proposal, EPA proposed not
to establish pretreatment standardsfor indirectly discharginglandfillsinthe Non-Hazardous subcategory.
However, for the Hazardous subcategory, EPA proposed effluent limitations and pretreatment standards
for six pollutants. Inresponsetoitsproposa, EPA received anumber of comments supporting the decison
not to propose pretreatment standards for Subtitle D landfills. In addition, a number of commenters
suggested that EPA should also reconsider whether Subtitle C landfills require national categorical
pretreatment standards. As aresult of these comments, EPA took a second look at its data and

determined that pretreatment standards were not necessary for the Landfills Point Source Category.

For both subcategories, EPA looked at a number of factors in deciding whether a pollutant was not
susceptible to treatment at a POTW or would interfere with POTW operations — the predicate to
establishment of pretreatment standards. First, EPA assessed the pollutant removalsachieved at POTWs
relaiveto those achieved by landfillsusing BAT treatment systems. Second, EPA estimated the quantity
of pollutants likely to be discharged to receiving waters after POTW removals. Third, EPA studied
whether any of the pollutants introduced to POTWs by landfills interfered with or were otherwise
incompatible with POTW operations. EPA, in some cases, also looked at the costs and other economic
impactsof pretrestment sandards and the effluent reduction benefitsin light of trestment systems currently
in-place at POTWs. The result of EPA’s evaluation showed that POTWs could adequately treat
discharges of landfill pollutants. Therefore, EPA is not establishing pretreatment standards for either
subcategory in this point source category.

Asnoted above, among the factors EPA considers before establishing pretreatment standardsiswhether
the pollutants discharged by an industry passthroughaPOTW or interfere with the POTW operation or
dudge disposa practices. Oneof thetoolstraditionaly used by EPA in evaluaing whether pollutants pass
through a POTW, isacomparison of the percentage of a pollutant removed by POTWs with the
percentage of the pollutant removed by discharging facilities applying BAT. In most cases, EPA has
concluded that a pollutant passes through the POTW when the median percentage removed nationwide
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by representative POTW:s (those meeting secondary treatment requirements) is less than the median
percentage removed by facilitiescomplying with BAT effluent limitationsguidelinesfor that pollutant. For

afull explanation of how EPA performsits removal analysis, see Chapter 7.

In developing thefinal guiddines, EPA hasmade anumber of modificationstoitscaculationsof pollutant
removal used to compare POTW operationswith BAT treatment. For example, the primary source of
POTW percent removal data used for removal comparisonsis an EPA document, “Fate of Priority
Pollutantsin Publicly Owned Treatment Works’ (EPA 440/1-82/303) commonly referred to asthe “50-
POTW Study”. The 50-POTW Study presents data on 50 well-operated POTWSs with secondary
treatment in removing toxic pollutants. For itsremova comparison for this guideline, EPA eiminated
influent val uesthat were close to the detection limit, thereby minimizing the possibility that low POTW
removalsmight ssimply reflect low influent concentrationsinstead of being atrue measure of treatment

effectiveness.

After revising the database, EPA ca culated POTW-specific percent removals for each pollutant based on
itsaverageinfluent and average effluent values. The POTW percent removal used for each pollutant for
the comparison isthemedian vaueof dl the POTW-specific percent removasfor that pollutant. EPA then
compared themedian POTW percent removal to the median percent remova for theBAT option trestment

technology in order to determine pass through.

11.6.1 EPA’s Decison Not to Establish PSES for the Subtitle D Non-Hazardous
Subcategory

EPA edtimatesthat there are 756 Subtitle D landfill facilitiesin the U.S. that discharge landfill wastewater

toaPOTW. The Agency did not establish pretreatment standards for existing sources (PSES) for the

Non-Hazardous landfill subcategory. The Agency decided not to establish PSESfor this subcategory after

an assessment of the effect of landfill leachate on recelving POTWs and the cost of pretreatment standards.
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EPA looked at three measures of effectson POTWs: biologicd inhibition levels, contamination of POTW
biosolids, and acomparison of BAT and POTW removals. For the proposed rule, following procedures
outlined above, the remova comparison suggested that one pollutant, ammonia, would passthroughinthe
Non-Hazardous subcategory. However, EPA concluded that ammoniawas susceptible to treatment and
did not interfere with POTW operations. Therefore, the Agency did not propose to establish national

pretreatment standards for ammonia

Following the proposal, EPA reviewed the data available in the proposed Public Record for both the
POTW percent removal calculationsandthe BAT percent removal cal culations and made anumber of
adjustments. For the proposd, EPA calculated the BAT percent removalsusing datafrom well-operated
biologica trestment facilitiesin EPA’ sdatabase. However, some of thesefacilitiesdid not passthe editing
criteriafor selection asaBPT/BAT facility. For therevised remova comparison, EPA calculated percent
removalsusing datafrom only those seven facilitiesthat passed the BPT/BAT editing criteria. In addition,
inthe proposal, EPA inadvertently neglected to use selected BAT facilitiesin the calculation of percent
removals for several pollutants even though the data for the facility passed the editing criteria.

Theresult of thisrevised comparison of remova for the Non-Hazardous subcategory suggested that BAT
removal would begreater than POTW remova for four pollutants: ammonia, benzoic acid, p-cresol, and
phenol. However, as explained below, EPA concluded that these pollutants do not pass through or
interfere with POTW operations on anationd bass and therefore has not established nationd categorica
pretreatment regul ationsfor these pollutants. Moreover, asdiscussed later in thischapter, EPA notesthat
adoption of PSESwould resultintheremova of only asmall quantity of pollutants, approximeately 14 toxic
pound equivaents per facility per year. Such areductionislow relative to that seen in other categorical
pretreatment standards promulgated by EPA. (See 64 FR 45077).

11.6.1.1 EPA’s Rationale for Not Establishing PSES for Ammonia

EPA has decided not to establish ammonia pretreatment Sandards for severd reasons. Firg, whileEPA’s
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remova comparison suggests that ammoniain landfill leachate is not as amenableto POTW treatment as
to pretreatment, in reality, EPA has concluded that ammoniais susceptible to POTW treatment on a
national basis. Further, landfill discharges will not result in POTW upsets or interfere with POTW
operations. The Public Record indicates that POTWs are not currently experiencing any difficulty in
adequatdy treating ammoniadischargesfrom Subtitle D landfills. No POTWs commenting on the proposd
cited any persistent POTW upsets associated with landfill leachate discharges. Finally, EPA has
determined that pretreatment standardsfor ammoniafor landfill indirect dischargerswould be extremely
costly, giventhe high levelsof removal currently observed. In these circumstances, EPA has concluded
that ammoniais susceptible to treatment by POTWs and nationd pretreatment standards are not required.

Ammonia Removals

In the case of ammonia, the median BAT percent removal for the landfillsindustry is99 percent compared
to the median POTW percent remova whichis39 percent.  (For the proposed rule, EPA cdculated the
POTW percent removal for ammoniato be 60 percent. However, upon applying therevised dataediting
procedures to the 50-POTW Study, EPA has now determined that ammonia POTW percent removal is
39 percent.) Thiscomparison suggeststhat ammoniaisnot susceptibletotreatment at aPOTW and passes
through. However, asdiscussed below, most subtitle D landfills discharging to POTWs are discharging

small quantities of leachate with an ammoniaconcentration comparableto that observed in raw sewage.

EPA’sdatashow that over 75 percent of indirectly discharging landfills discharge fewer than 10 pounds
of ammoniaper day at aconcentration similar to that observed in raw sewage. Because many POTWs
are desgned and operated to treat ammonia (and other pollutants) inraw sewage, aPOTW will adequately
control landfill discharges of ammoniaso long astheammonialoadingsto aPOTW did not significantly

differ from that typically observed. In those circumstances, ammoniawill not passthrough such POTWs.

Moreover, some POTWshaveinstaled additiona treatment to control ammonia. Thedataon POTW
removal used for EPA’s comparison does not reflect thisfact. POTWSsthat have installed additional
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ammoniatreatment (or modified existing treatment) typically achieveremovalsin excess of 95 percent --
much higher than the 39 percent removal observed for the POTWSsin the comparison analysis. Thus,
ammoniadoes not pass through POTWswith nitrification even in cases where significant loadings of

ammonia are discharged to a POTW.

In these circumstances, EPA has concluded ammonia at levels discharged by landfillsis generaly
susceptibleto POTW treatment. Therefore, EPA concluded that ammonialimits are best established by
loca POTWs based on site-specific conditionsin accordance with the POTW' s design trestment capacity

and existing mass loadings.

Upset and Interference

EPA a so assessed the ammonia concentrations and | oads received by POTWSs from Subtitle D leachate
dischargesto evaluate potential upsets or interference with POTW treatment systems. EPA concluded
that national pretreatment standardswere not required to prevent interference with POTW operations.

Intermsof landfill leachate ammoniaconcentrations discharged to POTWSs, only one of the Subtitle D
landfill facilitiesin EPA’ sdatabase is currently discharging (i.e. after treatment, if trestment isin place)
wastewater to aPOTW which contains morethan 105 mg/L of ammonia. Theremainder of theindirect-
discharging Subtitle D landfillsdischarged an average concentration of 37 mg/L of ammoniato POTWSs,
with one-half of the facilities discharging lessthan 32 mg/L. Typical anmoniaconcentrationsin raw
domestic sewage range from 12 to 50 mg/L (“Operation of Municipal Wastewater Treatment Plants:
Manual of Practice, Volume Il,” Water Pollution Control Federation).

The onefacility in EPA’ sdatabase that was discharging more than 105 mg/L of anmoniato aPOTW was
discharging 1,018 mg/L of ammoniato a114 MGD POTW which currently has ammonia control
(nitrification) in place. EPA aso received influent ammoniadatafrom several POTWsthat commented on

the proposed rule. The average ammoniainfluent concentration to POTWSs ranged from 14 mg/L to 35
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mg/L with an average concentration of 17 mg/L. Therefore, with the exception of the one outlier, the
average concentration of ammoniain leachate discharged to POTWs (37 mg/L) noted in EPA’s data
closaly paralelsPOTW experience (35 mg/L). However, it should be noted that the upper ranges of
leachate concentrations were higher than the upper ranges observed in domestic sewage. Nevertheless,
in most instances, observed ammonia discharge levelsto POTWsfall within a POTW’ s treatment
capabilities. Thus, EPA determined that the vast mgjority of Subtitle D landfills are discharging ammonia
to POTWsat levelscomparabl e to that which POTWSsin the ordinary course of operationsreceive and

treat in raw domestic sewage.

No POTWs commenting on the proposa cited any specific incidents where POTW acceptance of landfill
leachate containing high levels of ammoniacaused pers stent upsetsa the POTW. Thedataare consstent
with that supplied by commentersand further supported EPA’ sunderstanding prior to the proposal of no

documented persistent problems at POTWSs due to ammonia concentrations in landfill leachate.

EPA a so anayzed the effects that ammonia concentrations found in landfill |leachate can have on the
biologica treatment systemsat POTWSs. Inthisanalysis, EPA compared the concentrations of ammonia
found in leachate with the activated dudge biological minimum threshold toxicity value (or inhibition value).
With respect to ammonia, theinhibition vauefor activated dudge systemsis 480 mg/L (Guidance Manud
on the Devel opment and Implementation of Local Discharge LimitationsUnder the Pretreatment Program,
Volumel. EPA, November 1987). Theaverageraw wastewater concentration of ammoniafoundin
Subtitle D landfillsin EPA’ s database was 199 mg/L for direct, indirect and zero dischargers. In addition,
all of the average and median ammoniaconcentration val ues observed in the datasubmitted to EPA in
comments were below the activated dudge inhibition value. EPA has consequently determined that
ammoniadoes not represent athreat to biologica treatment systemsthat would require establishment of
pretreatment standards.
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Effect on Recelving Streams

Subsequent to the proposal, EPA evaluated total wastewater flows and |oads of ammoniato receiving
streams associ ated with non-hazardouslandfill indirect dischargers (an estimated 756 facilities). EPA
estimated that the non-hazardous landfill industry discharges 2.7 million pounds per year of ammoniato
POTWs, whichresultsin 1.6 million pounds per year being discharged to receiving streams, assuming that
the POTWSshave secondary treatment achieving 39 percent removal but do not have additional treatment
for anmoniacontrol. However, as mentioned above, EPA isaware that many POTWs haveinstalled
additional treatment specificaly for the control of ammoniaand typicaly achieveremovasin excessof 95
percent. A review of EPA’s 1996 Clean Water Needs Survey and its Permit Compliance System
databaseindicates that approximately 20 percent of the POTWsin the U.S. employ some sort of ammonia
control. Over 75 percent of the Subtitle D landfillsin EPA’ s database discharge less than 10 pounds per
day to the POTW (3,500 pounds/year), which resultsin discharging less than six pounds per day (2,100
pounds/year) to receiving streams, again assuming secondary treatment only and no additional POTW
ammoniacontrols. Inlight of existingammoniacontrol in place at POTWS, actud dischargesto recelving

streams are likely to be even smaller.

Cost of Pretreatment Sandards

EPA hasevauated the economic costs of ammonia pretrestment standards. EPA’ s economic assessment
of these options demongtrated very high remova costswith low associated pollutant removas. Giventhe
high cost, EPA concluded that it isnot appropriate to establish national pretreatment standardsto address

the limited circumstances in which POTW removal might not match BAT removal performance.

EPA evauated the costs of pretreatment standards in terms of the toxic pound equivaents. Pound-
equivaentsisaterm used to describe apound of pollutant weighted by itstoxicity relative to copper.
These weights are known as toxic weighting factors. The Agency calculates pound-equivalents by
multiplying the pounds of a pollutant discharged from alandfill by the toxic weighting factor for that
pollutant. The useof pounds-equivaent reflectsthe fact that some pollutants are moretoxic than others.
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Thefirst treatment option that EPA evaluated is biological treatment. EPA evaluated PSES Option |
equivaentto BPT/BAT Option |, whichwasequalization plushiological trestment. Thisoption had atota
annualized cost of $34.6 million (1998 dollars). Biologica trestment removed 10,650 pound-equivaents
annudly, or an average of 14 pound equivaents per facility per year. Thisrepresentsacost of remova of
$1,900/Ib-equivalents (1981 dollars) and represents the cost of removing al of the pound-equivalents
removed, not just ammonia. If EPA took credit only for the pound-equivaents of ammoniaremoved, the
annud removal cost for thisoptionis$7,100/Ib-equivaents (1981 dollars). Moreover, thesecalculations
are based on the assumption that POTWswill only remove 39 percent of the ammoniadischarged to it.
If POTWsremove more ammoniathan that assumed, then the cost of each pound of pollutant removed
by theindustria user raises. Given theingtallation of additiona ammoniacontrolsat many POTWSs, actua

ammoniaremoval by POTWswill be greater than assumed.

The second technology option EPA evaluated for the control of ammoniais ammonia stripping with
appropriateair pollution controls. However, according to EPA’ ssurvey of thelandfillsindustry, only two
percent of survey respondents use thistechnology for the treatment of landfill leachate. In addition, air or
steam stripping ismore commonly used for treetment of wastewater containing concentrations of ammonia
that are several orders of magnitude greater than those typically found in landfill wastewater. Therefore,
EPA concluded that biological treatment systems are more appropriate for the treatment of the ammonia
concentrationsfound in landfill leechate. In addition, air stripping for anmoniaremova generdly requires
warm climates, and therefore this may not be aviable trestment option for al landfillslocated in the United
States. Inthesecircumstances, effluent levelsassociated with air stripping may not be attainablein al cases
and thus not broadly availablein the landfill industry. In addition, the air stripping option for the treatment
of ammonia has an estimated annualized cost of $15.1 million (1998 dollars, pre-tax costs). The cost-
effectiveness for this option is also high, $4,400/1b-equivalents (1981 dollars).
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Asexplained above, EPA concluded that the vast mgjority of POTWSs experience no difficulty in treating
theammonialoads received from landfill indirect dischargers, and that asaresult, thereisgenerdly no pass
through of ammoniafrom landfill leachate on anationa basis. Moreover, the cost of pretreatment is not
warranted by the limited circumstances where pretreatment would result in reduced ammoniato surface
water. But thereare POTWswithout additional controlsfor ammoniathat may not be equipped to handle
landfill leachateammoniadischarges. Consequently, intheproposa, EPA requested commentsonrequiring
ammonia pretreatment standards for those landfills discharging to POTWsthat do not have ammonia
controlsin place. Severa commenters supported no pretreatment standard because of their conclusion that
ammonialoads from landfills made up an insgnificant amount of the total ammonialoads discharged to
POTWs. Othersfavored pretreatment standards because of smaler POTWsthat do not employ nutrient
removal systems. EPA, however, isnot convinced that national ammonia pretreatment standards are
warranted even where landfills are discharging to POTWswithout ammonia controls given the high cost of
pretrestment and current ammonia concentrations in landfill leachate discharged to POTWSs that are
generaly consstent with values observed in raw sewage. Special anmonia situations are best addressed
by thelocal POTW based on site-specific conditionsin accordance with the POTW’ s design treatment

capacity and existing mass loadings.

All of thesefactorsdiscussed above confirm EPA’ sdecision not to establish nationa ammonia pretrestment
sandards. EPA has concluded that [andfillstypicaly discharge wastewater to POTWs containing ammonia
concentrationsthat can be adequately treated by POTWs. Further, in caseswhere ammonialoading rates
areat levelswhich may be of concern or where ammoniadischarges are awater quality concern, POTWs

retain the ability to establish local limits on ammonia

11.6.1.2 EPA’sRationale for Not Establishing PSES for Benzoic Acid
Benzoic Acid Pass-Through Analysis

Asstated above, for the proposal, benzoic acid was not one of the pollutants EPA determined would pass
through. However, after the proposal, EPA reviewed the BAT facilities and the representative POTW
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facilitiesused for theremova comparison and determined that it had not used the gppropriate editing rules.
Asaresult of theserevisions, the comparison showed that the median percent removal for benzoic acid at
thelandfillsBAT facilitieswas 99 percent compared to the median POTW percent removal which was
determined to be 81 percent. Because the 50-POTW database does not contain information on the percent
removal of benzoic acid, EPA used the National Risk Management Research Laboratory Treatability
database to estimate the percent removal. (For moreinformation on EPA’suse of the NRMRL database,
see Chapter 7.)

Despitethe differencein the BAT and POTW percent removals, further anaysis of the data showed that
both systems were achieving the same level of treatment of benzoic acid. That is, both the NRMRL
database facilities representing POTWs and the landfillsBAT facilities weretreating benzoic acid down to
non-detect levels (50 ug/L). Therefore, the smaller percent removal achieved by facilitiesinthe NRMRL
database (used to represent the POTW percent removal) isafunction of lower influent concentrations at
thosefacilitiesand isnot necessarily indicative of inferior trestment at POTWs. EPA concluded that benzoic

acid in these circumstances is susceptible to treatment at the POTW and does not pass through.

Benzoic Acid Loads Discharged to POTWs

In addition, EPA asoevaluated thetota flowsand loads of benzoic acid discharged from non-hazardous
landfillsto POTWSs. EPA compared the current discharge loadsto theloads that would be anticipated after
the implementation of pretrestment standards. Aswas explained above, EPA sdlected Option | (biological
trestment) asthe appropriate treatment technol ogy and hasanalyzed the costsand benefits of pretreatment
standards for the Non-Hazardous subcategory for this option. According to EPA’s estimates, non-
hazardous landfills currently discharge approximately 4,700 pounds of benzoic acid to POTWSs per year
resultingin an annual discharge of 900 poundsto receiving streams. PSESOption | (biological treatment)
would reduce this annual discharge to receiving streams to 400 pounds per year. The average non-
hazardousfacility discharges only 6.4 pounds of benzoic acid annudly (lessthan 0.02 pounds per day), and

the median dischargeisonly 1.9 pounds per year. Furthermore, benzoic acid has atoxic weighting factor
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of only 0.0003. Therefore, for the entire indirect-discharging non-hazardous landfills population

(approximately 756 facilities), Option | would only removean additional 0.16 pound-equivalentsper year.

Asaresult of the above analysis, EPA determined that national pretreatment standardsfor benzoic acid are
not necessary because benzoic acid is susceptible to treatment by POTWs. POTWsand landfill BAT
facilities both treat benzoic acid down to non-detect levels. In addition, EPA determined that the pounds
of benzoic acid currently being discharged by landfills are compatible with POTW treatment and that

pretreatment standards would result in little further reduction of benzoic acid.

11.6.1.3 EPA’s Rationale for Not Establishing PSES for P-Cresol
P-Cresol Pass-Through Analysis

Like benzoic acid, p-cresol dso did not pass through POTWSs according to EPA’ s pass-through analysis
at proposal. However, the result of itsrevised removal comparison showed some differencein removal.
Thelandfillsmedian BAT percent removal for p-cresol is99 percent, while the estimated median POTW
percent removal is68 percent. (Again, because the 50-POTW database does not contain percent removal
datafor p-cresol, EPA used the NRMRL database to determine POTW removal.)

P-Cresol Concentrations and Loads Discharged to POTWs

EPA a so analyzed the flows and loads of p-cresol being discharged from non-hazardous landfills to
POTWs. Accordingto EPA’ sestimates, non-hazardouslandfillscurrently discharge approximeately 2,730
pounds of p-cresol to POTWs per year resulting in an annud discharge of 870 poundsto recelving streams.
PSES Option | (biologica trestment) would reduce this discharge to receiving streamsto 130 pounds/yeer.
Furthermore, p-cresol hasatoxic weighting factor of only 0.0024. Therefore, theimplementation of Option
| resultsinan additiona reduction of only 3.0 pound-equiva entsper year acrossthe entire Subtitle D indirect
discharge population. On average, non-hazardouslandfill facilitiesdischarge only 3.4 pounds of p-cresol

annually (or 0.01 pounds per day), and the median discharge load is only 0.7 pounds per year.
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Based on the data shown above, EPA concluded that the implementation of pretreatment standardsfor p-
cresol would result in only minimal reductionsin the pounds of p-cresol discharged to surface waters. In
addition, p-cresol isfoundin non-hazardouslandfill |eachate at concentrationswhichwill not cause upsets
at POTWs nor should POTWs have difficulty effectively treating such concentrations. The median raw
wastewater concentration for p-cresol at municipa landfillsis 75 ug/L. Thisconcentrationiswell below the
Universa Treatment Standard (UTS) of 770 ug/L established for FO39 wastes (multi-source leachate) in
40 CFR 268.48. (EPA bases UTS on the Best Demonstrated Available Treatment Technology (BDAT)
for each listed hazardouswaste. BDAT representsthe treatment technol ogy that EPA concludesisthe
most effective for treating a particular waste that is also readily available to generators and treaters.)

11.6.1.4 EPA’sRationale for Not Establishing PSES for Phenal

Although phenol appeared to passthrough, EPA decided not to establish pretrestment standards for phenol
based on the fact that phenol is highly biodegradable and is treated by POTWsto the same degree asthe
landfill direct dischargers. Furthermore, the Agency concluded that thedifferencesininfluent concentrations
caused the apparent difference in removal performance between landfill direct dischargersand POTWs.

As aresult, the performance across the landfills direct dischargers showed higher removals than the

performance at the POTWs.

In EPA’ slandfills database, raw wastewater concentrations of phenol at the BAT facilitiesin the Non-
Hazardous subcategory were much higher than the influent concentrations at the POTWs used in the
determination of the POTW percent removal. Theaverageinfluent concentrationsfor phenol for thethree
non-hazardous BAT facilities used in the pass-through analysisranged from 350 ug/L t0 5,120 ug/L.. All

three of the facilities treated phenol down to the anaytical minimum level (10 ug/L), corresponding to a
median percent removal of 97.5 percent. For POTW performance, EPA used atotal of eight POTWsin
theanaysisfor POTW percent removal of phenol. Theaverageinfluent concentration for phenol at these
eght POTWswas 387 ug/L, and 9x of theeght effluent valueswere bl ow theandyticd minimum level and
therefore assigned values of 10 ug/L. Thus, the average percent remova for the POTWswas 95.3 percent.
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Inthiscase, EPA concluded that the differencesin removasfor POTWs(95.3 percent) and BAT facilities
(97.5 percent) isan artifact of the differing influent concentrations and does not necessarily reflect ared
differenceintreatment performance. Therefore, EPA concluded that phenol istreated to essentially the

same level by direct dischargers and POTWs and, therefore, does not pass through.

Based on the pollutant |oadings rational e described above for anmonia, benzoic acid, and p-cresol, and
based on the highly biodegradabl e nature of phenol, EPA decided not to set pretreatment standards for
landfills in the Non-Hazardous subcategory. In addition, the Agency concluded that in the case of
dischargesfrom Subdtitle D landfills, problemsthat may result from el evated ammonialoadsin landfill leechate
arebest addressed at thelocal level. Furthermore, the Agency has determined that asaresult of the ability
of POTWsto adequately treat the small quantities of benzoic acid and p-cresol being discharged from
landfills, apretrestment stlandard for these two pollutantsis also unnecessary. EPA aso concluded that the
cost toimplement pretreatment standardsfor thissubcategory isnot warranted by the environmenta benefits

associated with any small additional removals.

11.6.1.5 Public Commentsto the Proposed Rule Regarding Non-Hazar dous PSES

In support of EPA’ s proposal not to establish PSES for the Non-Hazardous subcategory, EPA received
commentsand datafollowing the proposal concerning the treatment of non-hazardouslandfill leachate at
POTWs. A total of saventeen commenters, representing municipalities, POTWSs, privately-owned landfills,
trade associations, and engineering consulting firms, stated that in their experience, no POTW upsetsor
adverseimpactson sudge quality had occurred asaresult of aPOTW accepting non-hazardous landfill
leachate. Severd of these commenters supported their claim with data or anecdota evidence from over 20
landfills discharging leachate to POTWSs. Most of these commentersfelt that local limitsare currently
addressing discharges from non-hazardous|andfills and that any particular pollutant that may be of concern
should be dealt with on a case-by-case basis. Commenters also stated that the implementation of
pretreastment sSandardswould beextremdly costly for very littleimprovement inwater quaity. Commenters
stressed that any mandatory pretreatment that did not take into account the ability of receiving POTWsto
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handle the wastewater would inevitably result in unnecessary pretreatment of some waste streams. EPA
found that thiscomment isparticul arly applicableto ammoniabecause of the varying degrees of treatment
that can beachieved by POTWs. Furthermore, severd commentersfdt that the congtituentsfound inlandfill
leachate are smilar to those found in theinfluent to POTWs and that the flow contribution from landfillsis
relatively small.

Therewere a so severa commenterswho supported the establishment of pretreatment standardsfor non-
hazardouslandfill leachate. One municipality was concerned with the effectsthat landfill |eachate can have
on small community POTWswith low flows. Specifically, the commenter was concerned with elevated
levels of three specific pollutants (zinc, chromium, and cyanide) at threelandfillsthat dischargetothecity’s
POTW. The concentrations cited by the commenter for chromium and zinc were much higher than the
median concentration determined for these metalsby EPA’ s data gathering efforts. In addition, EPA did
not detect cyanideinitsanaytical sampling at Subtitle D landfills. Asaresult, EPA determined that the
pollutant concentrationsidentified by thismunicipality are not indicative of the concentrationstypically
present at Subtitle D landfills. Therefore, in caseswhere elevated levels of pollutants present in landfill
leachate may cause problemsfor aPOTW, locd, ste-specific limits are the best way to implement controls
onsuchdischarges. Furthermore, EPA did not receive any commentsfrom POTWsthat had experienced

persistent upsets as aresult of accepting landfill leachate.

One other municipality felt that EPA should set pretreatment standards for non-hazardous landfills since
closeto 70 percent of the wastewater flow discharged from Subtitle D landfillsis discharged to POTWs.
EPA establishes pretreatment standardsfor pollutants that are not susceptible to treatment by POTWSsto
prevent passthrough and interference based on the ability of POTWSsto achieve treatment equiva ent to that
of direct dischargers. The percentage of totd flow of anindustry being discharged to POTWsisnot abasis
for establishing pretrestment standards. Furthermore, EPA determined that the total |oads of the pollutants
that are discharged to POTWs made up only avery smdl fraction of what the POTW receives, and that the

concentrations of these pollutants are at levels that are compatible with POTW treatment.
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Other commentersdisagreed with EPA’ s statementsthat non-hazardous|eachateis of the same quality as
the headwaters of a POTW. Three of these commenters were particularly concerned with ammonia
concentrationsin landfill leachate (the datafrom these commenterswasdiscussed in theammoniadiscussion
above). EPA reviewed the datasubmitted by these commenters and, although some pollutants exceeded
EPA’ s median concentrations, the commenters did not cite any specific instances where the reported
|eachate concentrationscreated aproblemfor areceiving POTW. EPA acknowledgesthat elevated levels
of pollutantscan exist inlandfill wastewater. However, themedian concentrations of pollutants determined
by EPA’ ssampling programindicate that, on anational basis, concentration levelsof pollutantsare not at
alevel to be of concernto POTWs. In addition, in many cases, the loads of pollutants discharged from
landfills to POTWs make up avery small portion of the total pollutant |oads received by the POTW.

Another commenter suggested that EPA consider setting pretreatment standards for sulfatesand sodiumin
landfill discharges. The commenter Sated that thelevelsof sodium found in landfill leachateisgenerdly
greater thanthelevel of 20 mg/L indicated in EPA’ s Drinking Water Contaminant CandidateList. EPA did
not include limitsfor sulfates or sodium since these can be found in naturaly occurring compoundsin landfill

soils and are often constituents in treatment chemicals commonly used for wastewater treatment.

One municipaity commented in favor of PSES for ammoniasinceitsregional POTWshad to establisha
local ammoniapretreatment limit of 200 mg/L to protect water quality in ocean outfalls. However, inthis
case, thelocd authority has determined that 2100 mg/L pretrestment standard is adequate for the protection
of water qudity inthe ocean outfals. EPA acknowledgesthat there may be circumstancesin which POTWs
may have to establish local limitsin order to prevent upsets or pass through. These situations do not
undercut EPA'sdecision not to establish national pretreatment standardsfor ammonia. Asexplainedin
Section 11.6.1.1, theremova technologiesevauated for PSESwould result in very low ammoniadischarge
levels, much lower than that established by the commenter (100 mg/L). Thisstuation further supportsEPA's
conclusionthat locd limitsfor ammoniaprovide the most gppropriate control and that nationa pretreatment

requirementsfor ammoniamay result in unnecessary pretreatment of some waste streams. In fact, one of
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the two landfills discharging leachate to the district's POTW hassinceingtalled an SBR. Asaresult, the
leachate ammoniaconcentration for thislandfill has dropped from an average of 393 mg/L to 52 mg/L. The
fact that one of the landfills hasingtaled pretreatment to lower ammoniadischargesisagood example that

existing pretreatment programs are effective at requiring landfills to control their discharges.

One of the commentersin support of PSES aready employsbiological pretreatment at itslandfill. This
landfill specificaly stated thet concentrations of ammoniaas nitrogen and tota toxic organics should undergo
pretreatment prior to dischargeto aPOTW unlesstheleachateisavery smal constituent of thetota flow
of thePOTW. Theraw wastewater ammoniaconcentrationsat thislandfill were cons stent with themedian
determined by EPA’ s sampling efforts and the facility employed biological trestment to achieve an effluent
ammonia concentration that was acceptable to the local POTW. In addition, the concentrations of toxic
organicsfoundin EPA’ ssampling of Subtitle D landfill leachateweretypicaly not at level sthat would cause
inhibition to biological treestment at aPOTW. The specific organic pollutantsthat EPA determined to pass
through werefound in very low concentrations, resulting in minimal loadings discharged to POTWSs. Thefact
that thislandfill aready employs pretreatment isagood example that existing pretreatment programs are

effective at requiring landfills to control their discharges.

11.6.2 EPA’sDecision Not to Establish PSESfor the Subtitle C Hazar dous Subcategory

Inthe proposed rule, EPA proposed pretreatment standardsfor six pollutantsthat EPA determined to pass
through in the Hazardous subcategory. However, after reviewing the comments received and re-eva uating
the pollutant loads in the Hazardous subcategory, EPA has decided not to establish nationa pretreatment
standards for Subtitle C landfills.

Asprevioudy explained, EPA establishes pretreatment standardsfor pollutantsthat are not susceptibleto
treatment at aPOTW or for pollutantsthat may interferewith POTW operations. Asexplained at section
11.2.3, for the Hazardous subcategory, EPA identified only three Subtitle C landfills, al of them indirect
dischargers. EPA used datafrom these hazardouslandfillsto develop the BPT/BAT limitationsfor toxic
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pollutants because these landfillswere using the trestment systemsfor their leachate that EPA determined
was the BPT/BAT treatment technology.

EPA aso performed an analysis for this subcategory in order to compare POTW removalswith BAT
treatment systems. Aswasthe casefor the Non-Hazardous subcategory, EPA revised the pass-through
andyssdataediting procedures after the proposal and asaresult EPA’ sremova resultshave changed. The
result of the revised comparison show BAT removas greater than POTW remova sfor the following eight

pollutants. ammonia, a phaterpineol, aniline, benzoi c acid, naphthal ene, p-cresol, phenol, and pyridine.

For itsremoval comparison for ammonia, EPA compared the nation-wide median percentage of ammonia
removed by well-operated POTWsto the percentage of ammoniaremoved by BAT trestment syssemsfrom
both the Hazardous and Non-Hazardous subcategories. (For thereasonsexplainedin section 11.2.4,in
the case of ammonia, EPA supplemented the Hazardous subcategory datawith data from non-hazardous
landfill facilities.) For al other toxic pollutants, in determining whether a pollutant would passthrough a
POTW, the Agency compared the nation-wide median percentage of apollutant removed by well-operated
POTWswith secondary trestment to the percentage of apollutant removed by BAT treatment sysemsfrom
only the Hazardous subcategory. For the proposal, EPA proposed pretreatment standards that were
equivaent tothe BPT/BAT limitationsfor the pollutantsthat passed through. EPA hasreconsideredits
decisionthat it should promulgate nationa pretreatment standardsfor hazardouslandfills. Thereasonsfor

this decision are explained in more detail below.

Two of theindirect discharging landfills have treetment technology in place that EPA considersto be BAT,
and currently discharge very low concentrations of pollutantsto their loca POTWs. Thethird and only
other indirectly discharging Subtitle C landfill for which EPA has datadischarged lessthan 1,000 gal/day
of landfill gas collection condensateto aPOTW. In addition to the low wastewater flow at thislandfill, the
facility hasreatively low raw wastewater pollutant concentrationsand employsneutraization withammonia

followed by settling prior to discharge to the POTW.
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Several commenterson the proposal questioned EPA’ srational e for devel oping ammonia pretreatment
standards for the Hazardous subcategory while not establishing ammonia pretreatment standards for the
Non-Hazardous subcategory. EPA’s database indicate that the median raw wastewater ammonia
concentration for hazardous landfills is 268 mg/L as compared to the raw wastewater ammonia
concentration for Subtitle D landfillswhichis 199 mg/L.! EPA has current information on ammonia
concentration in wastewater dischargesfor two of thethree Subtitle C landfillsin EPA’ sdatabase. One of
thelandfillsemployshbiologicd treatment and dischargesan average of 4.9 mg/L of ammoniato the POTW.

Theother landfill employschemical precipitation prior to biological treatment and dischargesammoniaat
anaverage concentration of 156 mg/L. Thisdischargeleve presentsno apparent problemtothereceiving
POTW. According to discussions with this facility and the POTW, the POTW has not set local

pretreatment standards for ammoniafor thislandfill, and the POTW does not perform nitrification nor is
therean ammonialimit in the POTW’ sNPDES permit. Since 1995, the POTW has seen the ammonia
concentration at its headworksincrease from 13 mg/L to 20 mg/L and has experienced some upsetsat the
POTW. However, the POTW explained that it was unsure whether the upsets are aresult of the increased
ammonia concentrations or due to some other congtituent in the wasteweter. In addition, the POTW isnot
sureif the landfill leachate discharge is contributing at all to the upsets. Aswas the case in the Non-
Hazardous subcategory, EPA concluded that national pretreatment standards for ammonia are not
warranted by the small quantity of ammoniabeing discharged to POTWsfrom landfillsin this subcategory

and due to the site-specific water quality and POTW nitrification issues associated with ammonia.

Although theremoval comparison suggeststhat phenol may passthrough, EPA decided not to establish
pretreatment standardsfor it becauseit ishighly biodegradable and is, in fact, treated by POTWSsto the
same degree as the landfill direct dischargers. The Agency concluded that any apparent difference in

In the comments received on the proposal, some commenters referred to the Hazardous subcategory median ammonia raw wastewater
concentration referred to in Table 6-8 on page 6-44 of the Proposed Landfills Development Document (EPA -821-R-97-022). Thistable
lists the median ammonia raw wastewater concentration of 8.6 mg/L. However, this median concentration included numerous CERCLA
facilities with discharges that consisted primarily of ground water. After proposal, EPA recal culated the median ammoniaraw wastewater
concentration for the Hazardous subcategory using only data from Subtitle C landfillsin EPA’s database. This resultsin a median raw
wastewater ammonia concentration of 268 mg/L.
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removalsin the removal comparison is an artifact of differing influent concentrations rather than any

difference in performance between landfill direct dischargers and POTWs.

In EPA’ slandfills database, raw wastewater concentrations of phenol at the two BAT facilitiesin the
Hazardous subcategory were much higher than the influent concentrations at the POTWs used in the
determination of the POTW percent remova. Theaverageinfluent concentrationsfor phenol for the two
hazardous BAT facilities used in the pass-through analysis ranged from 5,120 ug/L. to 98,500 ug/L, and the
average effluent concentrations ranged from 10 ug/L to 814 ug/L corresponding to an average percent
remova of 99.8 percent. For POTW performance, EPA used atota of eight POTWSsin the analysisfor
POTW percent removal of phenol. The average influent concentration for phenol at these eight POTWs
was 387 ug/L, and six of the eight effluent values were below the analytical minimum level and therefore
assigned values of 10 ug/L. Thus, the average percent removal for the POTWs was 95.3 percent, and
therefore EPA determined that the pollutant passed through. Inthiscase, EPA concluded that the pass-
through determinationisan artifact of the differing influent concentrationsand doesnot necessarily reflect
ared differenceinremovas. Therefore, EPA concluded that phenal istreated to essentidly the samelevel

by direct dischargers and POTWs and, therefore, does not pass through.

Further review of thecomparisonfor aphaterpineol, aniline, benzoic acid, ngphthaene, and pyridine under
therevised analysis showed that al of these pollutants were treated down to non-detect levelsin both the
landfill’sBAT treatment option and inthe NRMRL facilitiesrepresenting POTWSs. That is, both BAT
facilitiesand POTWsachievethesameleve of treetment for these pollutants, and the differencesinremoval
once again were simply afunction of smaller influent concentrations at facilities representing POTWSs.
(Alphaterpineol and benzoic acid are compoundsfor which ahigh removal efficiency would be expected
at aPOTW duetotheir relatively high biodegradability.) Therefore, the Agency determined that, not only
arethe current pollutant loads not a problem for POTWSs, but aso al of these pollutants are present in

concentrationsthat aretreated down to non-detect levelsin awell-operated POTW. Thus, giventhesmall

11-51



loadingsand low concentrationsof these pollutants, EPA concluded that thesefive pollutants are susceptible
to treatment at the POTW and do not pass through.

Furthermore, EPA has concluded that while the removal comparison suggests that two pollutants,
naphthal ene and aniline, may not be susceptibleto POTW treatment, in fact, they will receive equivalent
treatment. First, the median untreated wastewater concentration observed in EPA’ s data collection effort
for these pollutantsislessthan the Universal Treatment Standards (UTS) EPA has devel oped for these
pollutants in FO39 wastes (multi-source leachate) in 40 CFR 268.48. The UTS for naphthaleneis0.059
mg/L whichisdightly greater than the median concentration found in hazardouslandfills (0.049mg/L). The
UTS gtandard for anilineis0.81 mg/L while themedian concentration in hazardous landfillsis 0.237 mg/L.
Second, anilineand naphtha ene (aswdl asp-cresol and pyridine) will beremoved from wastewater through
attachment to the biosolidsin the POTW’ s biological treatment system and then undergo subsequent
biodegradation while entrained in the biosolids.

In addition, as noted above, the revised comparison shows alower POTW removal for p-cresol than that
achieved by BAT treatment. However, as was the case in the Non-Hazardous subcategory, EPA has
concluded that the concentrations of p-cresol and the associated loadings discharged to POTWs from
landfillsin the Hazardous subcategory would be insgnificant compared to the total loads received at the
POTW. Themedian Subtitle C raw wastewater concentration for p-cresol is144 ug/L (thisincludesonly
Subtitle C landfillsand not the CERCLA dataincluded in the median on page 6-44 of the Proposed Landfills
Devel opment Document) whichislessthanthe UTS devel oped for p-cresol in FO39 wasteswhichis 770
ug/L (40 CFR 268.48).

Therefore, based on thesmall quantity of pollutantsinvolved and low pollutant concentrations discharged
from landfillsin the Hazardous subcategory, EPA concluded that nationd pretrestment standardsfor landfills
in the Hazardous subcategory are unnecessary. In addition, EPA concluded thet locd limits are adequately

controlling wastewater discharges from Subtitle C landfills.
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11.7 Pretreatment Standardsfor New Sour ces (PSNYS)

Section 307 of the Clean Water Act requires EPA to promulgate both pretreatment standards for new
sources and new source performance standards. New indirect-discharging facilities, like new direct-
dischargingfacilities, havethe opportunity toincorporate the best available demonstrated technol ogies,

including process changes, in-facility controls, and end-of-pipe treatment technologies.

EPA decided not to establish pretreatment standards for new sources for both subcategories for many of
the same reasonsthat EPA did not establish PSESlimits. Asstated in the PSES discussions above, EPA
concluded that the typica concentrations of pollutantsin landfill leachate are not at levelsthat will cause
problemsfor POTWSs. Inaddition, EPA determined that the rdlatively small wastewater flowsfrom landfills,
coupled with the concentrations of pollutantstypicaly found, result in smal pollutant loading rates discharged
to POTWsfrom landfills. Finaly, in site-specific cases where a particular pollutant may be found at
concentrationsthat are of concern to the POTW, EPA concluded that local pretrestment standardsarethe

most appropriate means for controlling such discharges.
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Table 11-1: Removal of Pollutant of Interest Metals in the Non-Hazardous Subcategory (ug/L)

Landfills Raw NRMRL Treatability OCPSF 12 Plant Sampling
Nor Wastewater Data Data (1) S0-POTW Study (3) Data (4)
Published
Hazardous CAS# Subtit Subtitl Biological Treatment Inhibition Biological Treatment
POI title D title D Non- Systems Levels (2) Maximum Mean Median Systems
Metals Municipal Municipal -
Median Median Influent Influent Percent Median
. . Influent Percent Concentration | Concentration | Removal Influent Percent
Concentration | Concentration | Concentration | Removal Removal
Concentration
Barium 7440393 483 822 1,000-10,000 84.0 NA NA NA NA NA NA
Chromium | 7440473 28 NA 44 45.0 |1,000-100,000 2,380 173 82 440 68.5
Strontium 7440246 1,671 4,615 1,000-10,000 14.0 NA NA NA NA NA NA
Titanium 7440326 64 11.8 55 34.0 NA NA NA NA NA NA
Zinc 7440666 100 93 372 56.0 80-5,000 9,250 723 79 322 58.5

VS-T1

NA - Not applicable or not available.

(1) Source: EPA National Risk Management Research Laboratory (NRMRL) Treatability Database.

(2) Source:  EPA Guidance Manual on the Development and Implementation of Local Discharge Limitations Under the Pretreatment Program, Volume 1. EPA Nov 1987.
(3) Source:  EPA Fate of Priority Pollutantsin Publicly Owned Treatment Works. (EPA 440/1-82/303, September 1982).

(4) Source:  EPA Organic Chemicals, Plastics and Synthetic Fibers Public Record.



Table 11-2: List of Subtitle D Municipal Solid Waste Facilities Employing
Biological Treatment Considered for BPT in the Non-Hazardous Subcategory

Facility Questionnaire ID Numbers

16001 16119
16047 16120
16048 16121
16049 16122
16052 16123
16056 16125
16058 16127
16059 16129
16060 16132
16063 16154
16065 16155
16077 16158
16078 16159
16079 16161
16083 16164
16085 16165
16088 16166
16093 16170
16097 16171
16099 16174
16102 16176
16117 16253
16118
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Table 11-3: Comparison of Raw Wastewater Mean Concentrations of Non-Hazardous
Pollutants of Interest for Municipal Solid Waste Landfills and Hazardous Facility 16041

Mean concentration of

Mean Concentration of

Cas No. Pollutant Pollutants of Interest for Pollutants of Interest for
All Municipa Landfillsin Hazardous Facility
EPA Database 16041

C-002 Biochemical Oxygen Demand 1,228,534 877,875
C-004 Chemical Oxygen Demand 2,024,932 2,033,750
C-005 Nitrate/Nitrite 5,844 1,770
C-009 Total Suspended Solids 735,308 191,375
C-010 Total Dissolved Solids 4,195,518 12,275,000
C-012 Tota Organic Carbon 661,478 562,250
C-020 Total Phenols 142,838 3,195
106445 P-Cresol 246 218
108101 4-Methyl-2-Pentanone 3,789 2,175
108883 Toluene 166 1,468
108952 Phenol 287 1,553
120365 Dichloroprop 10 2
123911 1,4-Dioxane 118 10
142621 Hexanoic Acid 13,148 1,632
18540299 Chromium (Hexaval ent) 77 Not analyzed
20324338 Tripropyleneglycol Methyl Ether 568 1,750
298044 Disulfoton 9 Not analyzed
3268879 OCDD 0.03 6
35822469 1234678-HpCDD 0.002 1
65850 Benzoic Acid 7,220 5,294
67641 2-Propanone 2,407 4,398
68122 N,N-Dimethylformamide 214 Not analyzed
7440213 Silicon 30,913 5,518
7440246 Strontium 1,569 2,846
7440326 Titanium 66 65
7440393 Barium 720 Not analyzed
7440428 Boron 3,005 8,839
7440473 Chromium 46 87
7440666 Zinc 1,476 253
75092 Methylene Chloride 70 49
7664417 Ammonia Nitrogen 238,163 382,250
78933 2-Butanone 5,119 6,398
95487 O-Cresol 298 10
98555 Alpha Terpineol 334 691
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Table 11-4: Candidate BPT Facilities for the Non-Hazardous Subcategory
Eliminated from BPT Consideration Because No BOD,, Effluent Data Was Available

Facility Questionnaire ID Numbers
16001 16102
16047 16119
16056 16121
16059 16123
16060 16154
16063 16155
16078 16158
16079 16159
16083 16166
16085 16174
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Table 11-5: Treatment Systems In Place at Landfill Facilities Considered for BPT Which Supplied BOD,
Effluent Data

Facility
QID

16041 [Sequencing batch reactor (SBR)

16048 |Aerobic (oxidation pond)

16049 |Aerobic-anaerobic (facultative pond)

Treatment in Place

16052 |Aerobic-anaerabic (oxidation pond)

16058 |Aerated lagoon

16065 [Aerobic pond

16077 |Aerated lagoon

16088 |Equalization, sand filter, carbon adsorption, aerobic

16093 |Activated sludge, secondary clarifier, disinfection, multimediafiltration

16097 |Activated sludge, secondary clarifier

16099 [Equalization, chemical precipitation, flocculation, coalescing, anaerobic, activated sludge with
PACT, nitrification, secondary clarifier

16117 |Equalization, chemical precipitation, primary clarifier, aerated fixed film, secondary clarifier,
denitrification

16118 |Equalization, chemical precipitation, primary clarifier, anaerobic, aerobic, secondary clarifier
16120 [Settling, aeration, chemical precip, primary clarifier, air stripper, neutralization, activated sludge,
secondary clarifier, multimediafiltration, disinfection

16122 |Equalization, chemical precipitation, primary clarifier, anaerobic, aerobic, secondary clarifier,
aerobic equalization, multimedia filtration

16125 |Aeration, chemical precipitation, primary clarifier, SBR, secondary clarifier, carbon adsorption,
multimedia filtration

16127 |Unstirred tank, aeration

16129 [Neutralization (lime), chemical precipitation, primary clarifier, activated sludge, secondary clarifier,
sand filter, air stripping

16132 |Aerated pond

16161 |Aeration, aerobic, settling (aerated pond)

16164 |Aeration, chemical precipitation, primary clarifier, neutralization, equalization, aerobic, secondary
clarifier

16165 |Aerobic, settling (aerated pond)

16170 |Equalization, stabilization pond

16171 |Equalization, activated sludge, settling

16176 |Aeration, activated sludge, settling

16253 |Equdlization, chemical precipitation, primary clarifier, anaerobic, activated sludge, secondary clarifier,
nitrification, multimediafilter
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Table 11-6: Landfill Facilities Considered for BPT in the Non-Hazardous Subcategory which Supplied BOD, Effluent Data

6S-TT

BODS5 (mg/L) . .

Facility Bsl Flow Facility Avg DET DMQ ANL Reason Fafcmty Datqw?s rpt Considered
QD (MGD) Inf Eff inf | e | i Eff Inf Eff orBOb Limitations

16041 0.058917 910 47 - - - - 910 45 Data used for calculating BOD limits
16048 0.000005 NA 41 - - - - - - No BOD influent data
16049 0.0017 NA NA - 4.8 - - - - No BOD influent data
16052 0.0546 NA 37 - 37 - - - - No BOD influent data
16058 0.003 153 24 - 22 - 30 153 - Data used for calculating BOD limits
16065 0.008 NA 35 - 35 - - - - No BOD influent data
16077 0.00816 54 10 54 10 - - - - Average influent BOD concentration below 100 mg/L
16088 0.03621 3799 209 - 200 3799 223 - - Effluent BOD concentration greater than 50 mg/L
16093 0.081575 24 8.3 27 6 22 8.3 - - Average influent BOD concentration below 100 mg/L
16097 0.019 23 14 - 20 23 14.3 - - Average influent BOD concentration below 100 mg/L
16099 0.01533 3600 11.5 - 8 3600 11.5 - - Carbon treatment used in addition to biological treatment
16117 0.04 180 4.8 - 4 180 5.5 - - Separate treatment trains (BIO/CPR) employed before
16118 0.0288 1990 48 2200 49 1890 46 - - Data used for calculating BOD limits
16120 0.042775 790 10 - 16 780 4.6 1290 - Data used for calculating BOD and TSS limits
16122 0.0255 1007 6.1 - 5.3 - 5.4 1007 30 Data used for calculating BOD and TSS limits
16125 0.014193 1673 57 1141 10 2394 - 379 171 Carbon treatment used in addition to biological treatment
16127 0.003627 NA 40 - - - 40 - - Wastewater stream consists primarily of storm water
16129 0.00469 214 1.8 - - 214 1.8 - - Wastewater stream consists primarily of ground water
16132 0.03 7609 15.7 5581 7 4741 16 - - Data used for calculating BOD limits
16161 0.053 NA 171 - 171 - - - - No BOD influent data
16164 0.01 NA 487 - 487 - - - - No BOD influent data
16165 0.030218 1812 974 1812 974 - - - - Effluent BOD concentration greater than 50 mg/L
16170 0.0048 69 63 - 54 69 72 - - Average influent BOD concentration below 100 mg/L
16171 0.024 NA 213 - 213 - - - - No BOD influent data
16176 0.037272 NA 112 - 112 - - - - No BOD influent data
16253 0.01776 327 6.4 1000 5.2 159 6.4 - - Data used for calculating BOD and TSS limits

Bsl Flow: Baseline flow

Facility Avg: Flow weighted average calculated from all data sources available at the facility (DET, DMQ, ANL)
DET: Detailed Questionnaire data from 1992

DMQ: Detailed Monitoring Questionnaire data from 1992 through 1994

ANL: Analytica datafrom sampling episodes 1993-1995

NA: Not Available




Table 11-7: Selected BPT Facilities for the Non-Hazardous Subcategory

Detailed Discharge
Questionnaire ID Status Treatment in Place
Number
16041 Indirect sequential batch reactor
16058 Direct equalization, aerated lagoon
16118 Indirect aerated equalization, chemical

precipitation, anaerobic fixed film, aerobic
fixed film, clarification

16120 Direct aerated equalization, chemical

precipitation, ammonia strip lagoons,
neutralization, activated sludge, multimedia
filter, chlorination

16122 Direct aerated equalization, chemical
precipitation, flocculation, clarification,
neutralization, anaerobic fixed film,
aerobic fixed film, neutralization,
coagulation, flocculation, clarification,
chlorination, aerated equalization,
multimediafilter

16132 Indirect aerated pond

16253 Direct equalization, chemical precipitation,
flocculation, clarification, neutralization,
anaerobic filtration, 2-stage activated
sludge, multimedia filter
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T9-TT

Table 11-8: TSS Datafrom Landfill Facilities Selected for BPT in the Non-Hazardous Subcategory

Baseline TSS (mg/L)
F%C:'[i)ty Flow Fecility Average DET DMQ ANL

(MGD) [nfluent Effluent [nfluent Effluent [nfluent Effluent Influent Effluent
16041 0.058917 330 36 364 36 307 35 70 46
16058 0.003 14470 188 - 216 - 188 14470 -
16118 0.0288 NA NA - - - - - -
16120 0.042775 1221 14 - 14 1241 13.6 200 -
16122 0.0255 267 54 - 5.6 - 54 267 12.5
16132 0.03 244 47 244 39 - 47 - -
16253 0.01776 150 25 180 175 120 25 - -

Facility Avg: weighted average calculated from all data sources available at the facility (DET, DMQ, ANL).
DET: Detailed Questionnaire datafrom 1992

DMQ: Detailed Monitoring Questionnaire data from 1992 through 1994
ANL: Analytical datafrom sampling episodes 1993-1995
NA: Not Available




Table11-9: Facilitiesand Sample Points Used for the Devel opment of BPT/BAT Effluent Limitations
for the Non-Hazardous Subcategory

BPT Data Influent Sample Avg. Influent Effluent Avg. Effluent Concentration
Facility Source Point Concentration Sample Point
Ammonia (mg/L)

16041 DMQ 02 679 04 54

ANL 01, 03, 05, 06 475 02 14
16122 ANL 01, 02, 03 181 07 12
16132 DMQ 01, 02, 03 206 04 5.9

BOD; (mg/L)

16041 ANL 01, 03, 05, 06 910 02 47
16058 DMQ - - 01 20.7

ANL 01, 02 153 - Only influent conc. used
16118 DMQ 01 1,890 02 45.5
16120 DMQ 01 780 02 4.6
16122 ANL 01, 02, 03 1,007 07 35.2
16132 DMQ 01, 02, 03 4,740 04 15.8
16253 DMQ 01 159 02 6.4

TSS (mg/L)
16120 DMQ 01 1,240 02 13.6
16253 DMQ 01 120 02 24.9
AlphaTerpineol (ug/L)
16041 ANL 01, 03, 05, 06 653 02 10
16122 ANL 01, 02, 03 123 07 10
Benzoic Acid (ug/L)
16041 ANL 01, 03, 05, 06 15,400 02 50
16122 ANL 01, 02, 03 9,300 07 50
P-Cresol (ug/L)

16041 ANL 01, 03, 05, 06 1,360 02 10
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Table11-9: Facilitiesand Sample Points Used for the Devel opment of BPT/BAT Effluent Limitations

for the Non-Hazardous Subcategory (continued)

BPT Data Influent Sample Avg. Influent Effluent Avg. Effluent Concentration
Facility Source Point Concentration Sample Point
Phenol (ug/L)

16041 ANL 01, 03, 05, 06 5,120 02 10
16118 DET 01 350 02 Only influent conc. used

DMQ 01 - 02 11
16120 DMQ 01 16 02 27.7

ANL 01 712 - Only influent conc. used
16122 ANL 01, 02, 03 395 07 10

Zinc (ug/L)

16041 DMQ 02 505 04 214

ANL 01, 03, 05, 06 310 02 87
16058 DMQ - - 01 59

ANL 01, 02 995 - Only influent conc. used
16132 DMQ 01, 02, 03 490 04 50

ANL: Analytica data

DET: Detailed Questionnaire data
DMQ: Detailed Monitoring Questionnaire data
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Table 11-10: BPT Facility Data Excluded from the Calculation of Non-Hazardous BPT/BAT

Limitations
BPT Influent Avg. Effluent Avg. Reason for Exclusion
Facility Sample Influent Sample Effluent
Point Conc. Point Conc.
BOD, (mg/L)
16041 02 - 04 - No data
DMQ 02 - 04 - No data
16058 - - 01 22 Detailed questionnaire data was not used
16118 01| 2,200 02 49 Detailed questionnaire data was not used
16120 - - 02 15.9 Detailed questionnaire data was not used
ANL 01 1,290 - - No effluent data
16122 01 - 03 53 Effluent sample point 03 located after
DMQ 01 - 03 54 aerated equalization
16132 01,02,03 5,581 04 7 Detailed questionnaire data was not used
16253 01 1,000 02 52 Detailed questionnaire data was not used
TSS (mg/L)
16041 02 364 04 36 Facility wastewater treatment system does
DMQ 02 307 04 35 not employ filtration
ANL 1,356 70 02 46
16058 - - 01 216 Facility wastewater treatment system does
DMQ - - 01 188 not employ filtration
ANL 01,02 | 14,470 - -
16118 01 - 02 - Facility wastewater treatment system does
DMQ 01 - 02 - not employ filtration
16120 - - 02 14 Detailed questionnaire data was not used
ANL 01 200 - - No effluent data
16122 01 - 03 5.6 Facility eliminated due to settling that can
DMQ 01 - 03 54 occur in equalization tanks prior to
ANL 01,02,03 267 07 125 filtration
16132 01,02,03 244 04 39 Facility wastewater treatment system does
DMQ 01,02,03 - 04 47 not employ filtration
16253 01 180 02 175 Detailed questionnaire data was not used
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Table 11-10: BPT Facility Data Excluded from the Calculation of Non-Hazardous BPT/BAT
Limitations (continued)

BPT Influent Avg. Effluent Avg. Reason for Exclusion
Facility Sample Influent Sample Effluent
Point Conc. Point Conc.
Ammonia (mg/L)
16041 02 554 04 5.0 Detailed questionnaire data was not used
16058 - - 01 - No data
DMQ - - 01 - No data
ANL 01, 02 2,900 - - No effluent data
16118 01 - 02 - No data
DMQ 01 - 02 - No data
16120 - - 02 1.35 Facility wastewater treatment system
DMQ 01 362 02 5.98 employed an air stripper
ANL 01 245 - -
16122 01 136 03 0.87 Effluent sample point 03 located after
DMQ 01 135 03 0.48 aerated equalization
16132 01,02,03 - 04 - No data
16253 01 - 02 - No data
DMQ 01 - 02 0.01 No influent data
AlphaTerpineol (ug/L)
16041 02 - 04 - No data
DMQ 02 - 04 - No data
16058 - - 01 - No data
DMQ - - 01 - No data
ANL 01, 02 - - - No data
16118 01 - 02 - No data
DMQ 01 - 02 - No data
16120 - - 02 - No data
DMQ 01 - 02 - No data
ANL 01 - - - No data
16122 01 - 03 - No data
DMQ 01 - 03 - No data
16132 01,02,03 - 04 - No data
DMQ 01,02,03 - 04 - No data
16253 01 - 02 - No data
DMQ 01 - 02 - No data
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Table 11-10: BPT Facility Data Excluded from the Calculation of Non-Hazardous BPT/BAT

Limitations (continued)

BPT Influent Avg. Effluent Avg. Reason for Exclusion
Facility Sample Influent Sample Effluent
Point Conc. Point Conc.
Benzoic Acid (ug/L)

16041 02 - 04 - No data

DMQ 02 - 04 - No data

16058 - - 01 - No data

DMQ - - 01 50 No influent data

ANL 01, 02 50 - - Influent concentration < 10xMDL
16118 01 - 02 - No data

DMQ 01 - 02 - No data

16120 - - 02 - No data

DMQ 01 - 02 - No data

ANL 01 - - - No data

16122 01 - 03 - No data

DMQ 01 - 03 - No data

16132 01,02,03 - 04 - No data

DMQ 01,02,03 - 04 - No data

16253 01 - 02 - No data

DMQ 01 - 02 20 No influent data

P-Cresol (ug/L)

16041 02 - 04 - No data

DMQ 02 - 04 - No data

16058 - - 01 - No data

DMQ - - 01 10 No influent data

ANL 01, 02 48 - - Influent concentration < 10xMDL
16118 01 - 02 - No data

DMQ 01 - 02 - No data

16120 - - 02 - No data

DMQ 01 30 02 10 Influent concentration < 10xMDL
ANL 01 10 - - Influent concentration < 10xMDL
16122 01 - 03 - No data

DMQ 01 425 03 - No effluent data

ANL 01,02,03 10 o7 10 Influent concentration < 10xMDL
16132 01,02,03 - 04 - No data

DMQ 01,02,03 - 04 - No data

11-66




Table 11-10: BPT Facility Data Excluded from the Calculation of Non-Hazardous BPT/BAT
Limitations (continued)

BPT Influent Avg. Effluent Avg. Reason for Exclusion
Facility Sample Influent Sample Effluent
Point Conc. Point Conc.
16253 01 - 02 - No data
DMQ 01 - 02 - No data
Phenol (ug/L)
16041 02 - 04 - No data
DMQ 02 - 04 - No data
16058 - - 01 10 Detailed questionnaire data was not used
DMQ - - 01 10 No influent data
ANL 01, 02 10 - - Influent concentration < 10xMDL
16120 - - 02 - No data
16122 01| 3,050 03 10 Effluent sample point 03 located after
DMQ 01 - 03 - aerated equalization
16132 01,02,03 - 04 - No data
DMQ 01,02,03 - 04 - No data
16253 01 - 02 - No data
DMQ 01 - 02 - No data
Zinc (ug/L)
16041 021 1,130 04 200 Detailed questionnaire data was not used
16058 - - 01 10 Detailed questionnaire data was not used
16118 01 380 02 50 Facility wastewater treatment system
DMQ 01 295 02 45 includes chemical precipitation
16120 - - 02 40 Facility wastewater treatment system
DMQ 01 230 02 37 includes chemical precipitation
ANL 01 85 - -
16122 01 | 212,000 03 16 Facility wastewater treatment system
DMQ 01 805 03 22 includes chemical precipitation
ANL 01,02,03 120 07 12
16132 01,02,03 575 04 10 Detailed questionnaire data was not used
16253 01 20 02 38 Facility wastewater treatment system
DMQ 01 90 02 50 includes chemical precipitation

ANL: Analytical data

DET: Detailed Questionnaire data

DMQ: Detailed Monitoring Questionnaire data
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Table 11-11: BPT/BAT Limitations for the Non-Hazardous Subcategory

Pollutant or Maximum for 1 day Monthly Average Shall Not
Pollutant Property (mg/L) Exceed (mg/L)
BOD, 140 37
TSS 88 27
Ammonia 10 4.9
Alpha Terpineol 0.033 0.016
Benzoic Acid 0.12 0.071
P-Cresol 0.025 0.014
Phenol 0.026 0.015
Zinc 0.20 0.11
pH () ()

() pH shall bein therange 6.0 - 9.0 pH units.
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Table 11-12: National Estimates of Pollutant of Interest Reductions for BPT/BAT Options for
Municipa Solid Waste Landfills - Direct Dischargers

National Estimates

Pollutant of Pollutant of Interest Current BPT/BAT BPT/BAT BAT Option
Interest CAS Discharge Option| Optionll 111 -RO
Number Loads Loads Loads Loads
(pounds/yr) (pounds/yr) (pounds/yr) (pounds/yr)
C-020 TOTAL PHENOL S (CHLOROFORM EXTRACTION) 1,005 166 125 125
C-012 TOTAL ORGANIC CARBON 692,275 352,957 231,875 127,805
C-010 TOTAL DISSOLVED SOLIDS 13,158,362 13,109,304 12,086,905 621,714
C-009 TOTAL SUSPENDED SOLIDS 319,754 195,173 92,491 21,328
C-005 NITRATENITRITE 109,494 109,494 109,494 3,527
C-004 CHEMICAL OXYGEN DEMAND 2,364,028 1,597,988 1,497,581 373,389
C-002 BIOCHEMICAL OXYGEN DEMAND 478,004 144,915 105,561 105,561
98555 ALPHA-TERPINEOL 247 53 53 53
95487 O-CRESOL 62 53 53 53
78933 2-BUTANONE 2,846 2,846 2,846 2,846
7664417 AMMONIA NITROGEN 174,382 26,279 16,978 16,978
75092 METHYLENE CHLORIDE 385 385 385 385
7440666 ZINC 857 249 249 249
7440473 CHROMIUM 110 103 103 103
7440393 BARIUM 1,449 926 926 639
7440326 TITANIUM 123 20 20 20
7440246 STRONTIUM 3,404 1812 1812 533
68122 N,N-DIMETHYLFORMAMIDE 69 53 53 53
67641 2-PROPANONE 1,642 1642 1,642 1,642
65850 BENZOICACID 350 265 265 265
298044 DISULFOTON 22 22 22 11
20324338 TRIPROPYLENEGLYCOL METHYL ETHER 840 528 528 528
18540299 CHROMIUM (HEXAVALENT) 117 117 117 50
142621 HEXANOICACID 9,183 53 53 53
123911 1,4-DIOXANE 55 55 55 55
120365 DICHLOROPROP 16 6 6 5
108952 PHENOL 298 56 56 56
108883 TOLUENE 191 191 191 191
108101 4-METHY L-2-PENTANONE 228 228 228 228
106445 P-CRESOL 151 48 48 48
35822469 1234678-HPCDD 6E-04 3E-04 3E-04 3E-04
3268879 OCDD 7E-03 2E-03 1E-03 1E-03
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Table 11-13: Nationa Estimates of Pollutant of Interest Reductionsfor BPT/BAT Options for
Non-Municipa Solid Waste Landfills - Direct Dischargers

Nationd Egimates
Pollutant of Pollutant of Interest Current BPT/BAT BPT/BAT BAT Option
Interest CAS Discharge Option| Option 11 I -RO
Number Loads Loads Loads Loads
(poundslyr) (pounds/yr) (pounds/yr) (pounds/yr)
C-002 Biochemicd Oxygen Demand 24,492 24,492 24,492 24,492
C-004 Chemicad Oxygen Demand 5,633,111 1,033,662 907,417 147,359
C-009 Total Suspended Solids 22451 2451 2451 8,164
C-005 Nitrate/Nitrite 73475 1,939 1,939 1,359
C-020 Totd Phenols 241 78 53 53
c012 Totd Organic Carbon 55,107 55,107 55,107 51,025
C-010 Totd Dissolved Solids 69,189,296 13,878,575 6,385,329 339,723
7664417 Ammoniaas Nitrogen 153,074 11,062 6,94 6,99
7440246 Strontium 61,229 54,494 54,494 204
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Table 11-14: Annual Pollutant Discharge Before and After the Implementation of BPT for
Subtitle D Municipal Solid Waste Landfill Facilities in the Non-Hazardous Subcategory

Current Annual Pollutant Annual Amount
Annual Pollutant Discharge of Pollutants
Pollutant Group Discharge After Removed by BPT
Implementation
of BPT

(pounds) (pounds) (pounds)
Conventional Pollutants® 800,000 200,000 600,000
Nonconventional Pollutants® | 16,500,000 13,950,000 2,550,000
Metal Pollutants® 6,000 3,200 2,800
Organic Pollutants® 16,500 6,500 10,000
Pesticides® 40 29 11
Dioxing Furans® 0.0075 0.0013 0.0062

(1) IncludesBOD;and TSS

(2) Includesammonia, COD, TDS, TOC, total phenols, and nitrate/nitrite

(3) Includes barium, chromium, hexavalent chromium, strontium, titanium, and zinc

(4) Includes aphaterpineol, benzoic acid, hexanoic acid, N,N-Dimethylformamide, o-cresol, p-cresol, phenal,
tripropyleneglycol methyl ether, methylene chloride, 1,4 dioxane, 2-butanone, 2-propanone, 4-methyl-2-

pentanone, and toluene

(5) Includes dichloroprop and disulfoton

(6) Includes OCDD and 1,2,3,4,6,7,8-HpCDD
(7) EPA did not include the removal of the following volatile organic compounds. methylene chloride, 1,4
dioxane, 2-butanone, 2-propanone, 4-methyl 2-pentanone, and toluene
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Table11-15: Annua Pollutant Discharge Before and After The Implementation of BPT for Subtitle
D Non-Municipal Solid Waste Landfill Facilities in the Non-Hazardous Subcategory

Current Annual Pollutant Annual Amount
Annual Pollutant Discharge of Pollutants
Pollutant Group Discharge After _ Removed by BPT
Implementation
of BPT
(pounds) (pounds) (pounds)
Conventional Pollutants® 47,000 47,000 0
Nonconventional Pollutants @ 75,100,000 7,350,000 67,750,000
Metal Pollutants © 61,200 54,500 6,700

(1) Includes BOD;sand TSS. Both facilitiesin the database were aready in compliance with the BOD; and TSS
limits.

(2) Includes ammonia, nitrate/nitrite, TDS, TOC, total phenol, and COD.

(3) Includes strontium - the only metal pollutant of interest for non-municipal solid waste landfills.
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Table 11-16: Selected BPT Facilities for the Hazardous Subcategory

Detailed Discharge
Questionnaire 9 Treatment in Place
Status
ID Number

16041 Indirect sequential batch reactor

16087 Indirect stirred equalization, chemical
precipitation, flocculation,
neutralization, clarification, activated
sludge, chemical oxidation
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Table11-17: Facilitiesand Sample Points Used for the Development of BPT/BAT Effluent Limitations
for the Hazardous Subcategory

BPT Data Influent Sample Avg. Influent Effluent Avg. Effluent
Facility Source Point Concentration Sample Point Concentration
Ammonia (mg/L)

16041 DMQ 02 679 04 54

ANL 01, 03, 05, 06 475 02 14
16122 ANL 01, 02, 03 181 07 12
16132 DMQ 01, 02, 03 206 04 5.9

BOD, (mg/L)

16041 ANL 01, 03, 05, 06 910 02 47
16058 DMQ - - 01 29.7

ANL 01, 02 153 - Only influent conc. used
16087 DMQ 01 2,929 05 29
16118 DMQ 01 1,890 02 455
16120 DMQ 01 780 02 4.6
16122 ANL 01, 02, 03 1,007 07 35.2
16132 DMQ 01, 02, 03 4,740 04 15.8
16253 DMQ 01 159 02 6.4

TSS (mg/L)
16120 DMQ 01 1,240 02 13.6
16253 DMQ 01 120 02 249
Alpha Terpineol (ug/L)
16041 ANL 01, 03, 05, 06 653 02 10
Aniline (ug/L)
16041 ANL 01, 03, 05, 06 1,060 02 10
16087 ANL 01 533 03 10
Benzoic Acid (ug/L)

16041 ANL 01, 03, 05, 06 15,400 02 50
16087 ANL 01 64,957 03 50
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Table 11-17: Facilities and Sample Points Used for the Development of BPT/BAT Effluent
Limitations for the Hazardous Subcategory (continued)

Pollutant BPT Influent Sample Avg. Influent Effluent Avg. Effluent
Facility Point Concentration Sample Point Concentration
Naphthalene (ug/L)
16041 ANL 01, 03, 05, 06 645 02 10
P-Cresol (ug/L)
16041 ANL 01, 03, 05, 06 1,360 02 10
16087 ANL 01 5,022 03 10
Phenol (ug/L)
16041 ANL 01, 03, 05, 06 5,120 02 10
16087 ANL 01 65,417 03 29.7
Pyridine (ug/L)
16087 ANL 01 301 03 10
Arsenic (ug/L)
16087 DMQ 01 1,400 05 325
ANL 01 584 03 312
Chromium (ug/L)
16087 DMQ 01 730 05 312
ANL 01 415 03 82
Zinc (ug/L)
16041 DMQ 02 505 04 214
ANL 01, 03, 05, 06 310 02 85
16087 DMQ 01 550 05 380

ANL: Analytical data
DET: Detailed Questionnaire data
DMQ: Detailed Monitoring Questionnaire data
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Table 11-18: BPT Facility Data Excluded from the Calculation of Hazardous BPT/BAT Limitations

BPT Influent Avg. Effluent Avg. Reason for Exclusion
Facility Sample Influent Sample Effluent
Point Conc. Point Conc.

BOD, (Transferred from the Non-Hazardous subcategory) (mg/L)
16041 02 - 04 - No data
DMQ 02 - 04 - No data
16058 - - 01 22 Detailed questionnaire data was not used
16087 01 2,980 03 258 Effluent concentration above 50 mg/L
ANL 01 3,721 03 66 Effluent concentration above 50 mg/L
16118 01 2,200 02 49 Detailed questionnaire data was not used
16120 - - 02 15.9 Detailed questionnaire data was not used
ANL 01 1,290 - - No effluent data.
16122 01 - 03 53 Effluent sample point 03 located after
DMQ 01 - 03 54 aerated equalization
16132 01,02,03 5,581 04 7 Detailed questionnaire data was not used
16253 01 1,000 02 52 Detailed questionnaire data was not used

TSS (Transferred from the Non-Hazardous subcategory) (mg/L)
16041 02 364 04 36 Facility wastewater treatment system does
DMQ 02 307 04 35 not employ filtration
ANL 1,356 70 02 46
16058 - - 01 216 Facility wastewater treatment system does
DMQ - - 01 188 not employ filtration
ANL 01,02 | 14,470 - -
16087 01 586 03 51 Facility wastewater treatment system does
DMQ 01 579 05 114 not employ filtration
ANL 01 172 03 78
16118 01 - 02 - Facility wastewater treatment system does
DMQ 01 - 02 - not employ filtration
16120 - - 02 14 Detailed questionnaire data was not used
ANL 01 200 - - No effluent data
16122 01 - 03 5.6 Facility eliminated due to settling that can
DMQ 01 - 03 54 occur in equalization tanks prior to
ANL 01,02,03 267 07 125 filtration
16132 01,02,03 244 04 39 Facility wastewater treatment system does
DMQ 01,02,03 - 04 47 not employ filtration
16253 01 180 02 175 Detailed questionnaire data was not used
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Table 11-18: BPT Facility Data Excluded from the Calculation of Hazardous BPT/BAT Limitations

(continued)
BPT Influent Avg. Effluent Avg. Reason for Exclusion
Facility Sample Influent Sample Effluent
Point Conc. Point Conc.

Ammonia (Transferred from the Non-Hazardous subcategory) (mg/L)

16041 02 554 04 5.0 Detailed questionnaire data was not used
16058 - - 01 - No data
DMQ - - 01 - No data
ANL 01, 02 2,900 - - No effluent data
16087 01 - 03 - No data
DMQ 01 - 05 - No data
ANL 01 209 03 153 Minimal ammonia removal
16118 01 - 02 - No data
DMQ 01 - 02 - No data
16120 - - 02 1.35 Facility wastewater treatment system
DMQ 01 362 02 5.98 employed an air stripper
ANL 01 245 - -
16122 01 136 03 0.87 Effluent sample point 03 located after
DMQ 01 135 03 0.48 aerated equalization
16132 01,02,03 - 04 - No data
16253 01 - 02 - No data
DMQ 01 - 02 0.01 No influent data
Alpha Terpineol (ug/L)
16041 02 - 04 - No data
DMQ 02 - 04 - No data
16087 01 - 03 - No data
DMQ 01 - 05 - No data
ANL 01 10 03 10 Influent concentration < 10xMDL
Aniline (ug/L)
16041 02 - 04 - No data
DMQ 02 - 04 - No data
16087 01 - 03 - No data
DMQ 01 - 05 - No data
Benzoic Acid (ug/L)
16041 02 - 04 - No data
DMQ 02 - 04 - No data
16087 01 - 03 - No data
DMQ 01 - 05 - No data
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Table 11-18: BPT Facility Data Excluded from the Calculation of Hazardous BPT/BAT Limitations

(continued)
BPT Influent Avg. Effluent Avg. Reason for Exclusion
Facility Sample Influent Sample Effluent
Point Conc. Point Conc.
Naphthalene (ug/L)

16041 02 - 04 - No data
DMQ 02 - 04 - No data
16087 01 - 03 - No data
DMQ 01 - 05 - No data
ANL 01 25 03 10 Influent concentration < 10xMDL

P-Cresol (ug/L)
16041 02 - 04 - No data
DMQ 02 - 04 - No data
16087 01 - 03 - No data
DMQ 01 - 05 - No data

Phenol (ug/L)

16041 02 - 04 - No data
DMQ 02 - 04 - No data
16087 01 98,500 03 814 Detailed questionnaire data was not used
DMQ - 05 - No data

Pyridine (ug/L)
16041 02 - 04 - No data
DMQ 02 - 04 - No data
ANL 1,356 23 02 10 Influent concentration < 10xMDL
16087 01 - 03 - No data
DMQ 01 - 05 - No data
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Table 11-18: BPT Facility Data Excluded from the Calculation of Hazardous BPT/BAT Limitations

(continued)
BPT Influent Avg. Effluent Avg. Reason for Exclusion
Facility Sample Influent Sample Effluent
Point Conc. Point Conc.
Arsenic (ug/L)
16041 02 - 04 - No data
DMQ 02 - 04 - No data
ANL 1,356 535 02 569 Negative percent removal
16087 01 1,420 03 193 Detailed questionnaire data was not used
Chromium (ug/L)
16041 02 210 04 120 Detailed Questionnaire data was not used
DMQ 02 419 04 417 No removal
ANL 1,35,6 82 02 46 Influent concentration < 10xMDL
16087 01 731 03 501 Detailed questionnaire data was not used
Zinc (ug/L)
16041 02 1,130 04 200 Detailed questionnaire data was not used
16087 01 560 03 279 Detailed questionnaire data was not used
ANL 01 126 03 52 Influent concentration < 10xMDL

ANL: Analytical data
DET: Detailed Questionnaire data
DMQ: Detailed Monitoring Questionnaire data
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Table 11-19: BPT/BAT Limitations for the Hazardous Subcategory

Pollutant or Maximum for 1 day Monthly Average Shall Not
Pollutant Property (mg/L) Exceed (mg/L)

BOD, 220 56

TSS 88 27

Ammonia 10 49

Alpha Terpineol 0.042 0.019
Aniline 0.024 0.015
Benzoic Acid 0.119 0.073
Naphthalene 0.059 0.022
P-Cresol 0.024 0.015
Phenol 0.048 0.029
Pyridine 0.072 0.025
Arsenic 11 0.54
Chromium 1.1 0.46
Zinc 0.535 0.296
pH @) ()

() pH shall bein the range 6.0 - 9.0 pH units.
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Table 11-20: Comparison of Long-Term Averages for Nonconventional and Toxic Pollutants

Regulated Under BAT for the Non-Hazardous Subcategory

BPT Option II: Reverse Osmosis Reverse Osmosis
Equalization + single stage effluent second stage
Pollutant Biological + (mg/L) effluent
Multimedia Filter (mg/L)
(mg/L)
Ammonia 54 13 0.59
Alpha Terpineol 0.010 ND 0.010 ND 0.010 ND
Benzoic Acid 0.050 ND 0.093 0.050 ND
P-Cresol 0.010 ND 0.253 0.022
Phenol 0.010 ND 0.185 0.029
ND: Non-detect
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Appendix A: Section 308 Survey for Landfills-Industry Population Analysis

Thelig of landfills needed to define the landfill population in the United States was developed from
various sources. state environmental and solid waste departments, and other state contacts; the
Nationa Survey of Hazardous Waste Treatment Storage, Disposal, and Recycling Facilities
respondent list; Environmental Ltd.'s 1991 Directory of Industriad and Hazardous Waste Management
Firms; the Resource Conservation and Recovery Act (RCRA) 1992 list of Municipa Solid Waste
Landfills, and the Resource Conservation and Recovery Information System (RCRIS) National
Oversight Database.

The information provided by state environmental departments was requested during early stages of
the rulemaking process for Centralized Waste Treatment and represented 1987-88 data for both
active and inactive landfills. Thisinformation was incomplete to some extent. For 18 of the 50 states
only limited or no information was available. Hence, these states were contacted during the data
gathering effort for the development of effluent guidelines and standards for Landfills and Incinerators

to obtain updated lists of landfills and wastewater collection information.

The duplication of landfill entries among various sources was eliminated as far as possible by cross
checking using computer programs. However, some duplication in Subtitle D landfillsisinevitable

as some of the various identifiers were unclear.

Landfill population was divided into two categories. Subtitle C (hazardous waste) and Subtitle D
(non-hazardous waste). In total, mailing addresses were compiled for 595 Subtitle C landfills and
9,882 Subtitle D landfills. In addition, 448 Subtitle D landfills were identified for which addresses
were inadequate for delivery. Thus the population of Subtitle D amounted to 10,330. Table 1
providesalist of the number of landfills with deliverable mailing addresses in each state by category.



Selection of the landfills to survey
From the identified landfill population of 10,925 Subtitle C and D facilities, screener surveys were

mailed to 4996. Fecilities receiving the screener survey included all of the 595 Subtitle C landfills and
asample of the 9,882 Subtitle D facilities with mailable addresses.

TABLE 1. COUNT OF LANDFILLSWITH MAILABLE ENTRIESIN EACH STATE

State Subtitle- Total
D Subtitle-C

Alabama 238 38 276
Alaska 201 1 202
Arizona 90 2 92
Arkansas 134 3 137
Cdifornia 630 16 646
Colorado 216 12 228
Connecti- 125 22 147
cut

Delaware 8 14 22
Florida 91 9 100
Georgia 277 17 294
Hawaii 15 1 16
|daho 112 6 118
lllinois 182 14 196
Indiana 101 29 130
lowa 118 13 131
Kansas 118 8 126
Kentucky 121 33 154
Louisiana 73 17 90



State Subtitle- Total
D Subtitle-C

Maine 291 2 293
Maryland 50 5 55
M assachu- 722 723
setts
Michigan 762 9 771
Minnesota 257 4 261
Mississippi 97 3 100
Missouri 128 7 135
Montana 257 1 258
Nebraska 41 8 49
Nevada 127 3 130
New 58 0 58
Hapmshire
New Jersey 467 8 475
New 121 7 128
Mexico
New Y ork 565 10 575
North 244 39 283
Carolina
North 85 1 86
Dakota
Ohio 119 24 143
Oklahoma 189 7 196
Oregon 231 10 241
Pennsyl- 41 22 63
vania
Rhode 12 0 12
Idand
South 127 9 136
Carolina



State Subtitle- Total
D Subtitle-C

South 193 0 193
Dakota
Tennessee 112 9 121
Texas 601 70 671
Utah 92 7 99
Vermont 73 0 73
Virginia 440 8 448
Washing- 72 9 81
ton
West 57 5 62
Virginia
Wisconsin 183 3 186
Wyoming 218 45 263
Puerto 0 3 3
Rico
Guam 0 1 1
Total 9882 595 10477




The remaining 4401 screener surveys were sent to Subtitle D landfills. A statistical approach was
taken to sample the 9882 deliverable Subtitle D facilities. For sampling purposes, the 9882 Subtitle
D landfills were stratified into three categories:

1) landfills with known wastewater collection
2) landfills from states with fewer than 100 landfills and
3) landfills from states with more than 100 landfills.

All landfills with known wastewater collection were included in the landfill survey sample. The
population included 134 landfills with known wastewater collection (1.35%).

Landfillsin states with fewer than 100 landfills were stratified from the landfills in states with more
than 100 landfills. This was smply a sampling technique for random sampling and was done to

ensure the inclusion of a representative number of facilities from each stratum.

There were 16 states with under 100 landfills each (after exclusion of known wastewater collectors),
which accounted for 892 landfills. A screener survey was mailed to each of these 892 landfills. The
remaining 24 states, with over 100 landfills each, accounted for 8856 landfills. A random sample of
3375 was taken from this strata, and a screener survey was mailed to each of these randomly selected

landfills. Table 2 summarizes the stratification.

Screener surveys were distributed by both Federal Express and U.S. certified mail: 1916 surveys
were sent via Federal Express, which resulted in 94% receipt confirmation; 3080 surveys were sent
viaU.S. certified mail, which resulted in 92% receipt confirmation. Twenty three additional screener
surveys were mailed because of change of ownership, or different mailing address, even though the
physica location of the landfill remained same. A summary of analysis on these additiona surveys

ispresented in Table 3. Thus, atotal of 5020 landfill screener surveys were distributed.



TABLE 2. SUMMARY OF STRATIFICATION

Strata # Population #in frame #in sample
1 Subtitle C 595 595
2 Subtitle D -known wastewater 134 134
generators
3 Subtitle D - states with < 100 landfills 892 892
4 Subtitle D - states with >100 landfills 8856 3375
Total 10477 4996

A completed screener survey was received from 3628 landfills excluding the late arrivals. This

includes response from a pre-test screener survey. The status of remaining screener surveysis.

° 353 surveys were deemed non-ddiverables due to incorrect/non-traceabl e addresses and were
returned to the sender

° 1008 landfills were presumed to be non-respondents

° 4 landfills were found to be out-of-business

° 26 landfills were declared indigible to participate in the survey for reasons discovered during

the mid-point remainder calls

° 1 respondent refused to respond to the survey.

For statistical analysis purposes, screener surveysin each of the above categories were traced back

to the respective strata. Table 4 presents a breakdown of these remaining screener surveys by strata.



TABLE 3. SUMMARY OF ADDITIONAL SCREENER SURVEY ANALYSIS

Screener ID  Origind ID  Stratum

Reason for re-assignment

15100
15101
15102
15103
15104
15105
15106
15107
15108
15109
15110
15111
15112
15113
15114
15116
15117
15118
15119
15120
15121
15122
15123
15124

13235
14044
13876
11594
14117
13953
13264
10985
14449
12167
12883

14112
11319
12327
11528
13389
13995
14779
11422
13976
12422
11299
10851

4

L~ = S L

A DN P DN DM DN DM WD DN WD

screener sent to former owner or incorrect address
screener sent to former owner or incorrect address
screener sent to former owner or incorrect address
screener sent to former owner or incorrect address
screener sent to former owner or incorrect address
screener sent to former owner or incorrect address
screener sent to former owner or incorrect address
additional screener resp. was obtained for a new landfill
additional screener resp. was obtained for a new landfill
additional screener resp. was obtained for a new landfill
additional screener resp. was obtained for a new landfill
response transferred from pre-test screener survey
screener sent to former owner or incorrect address
screener sent to former owner or incorrect address
screener sent to former owner or incorrect address
screener sent to former owner or incorrect address
screener sent to former owner or incorrect address
screener sent to former owner or incorrect address
screener sent to former owner or incorrect address
screener sent to former owner or incorrect address
screener sent to former owner or incorrect address
screener sent to former owner or incorrect address
screener sent to former owner or incorrect address

screener sent to former owner or incorrect address




Among the 3628 survey responses received, atotal of 3581 surveys were sent to data entry; 44 were
declared ineligible upon reviewing their response, and were not processed any further; 3 remained
incomplete because of unsuccessful attempts to contact the respondents to complete the review
process. A total of 859 respondents were found collecting some type of wastewater (landfills
collecting only storm water were not included) generated from their landfill operations, and were
considered as in scope population from which a sample of facilities will be selected to receive the
detailed Section 308 landfill questionnaire. The rest of the surveys sent to data entry were considered
out of scope. For statistical analysis purposes, screener surveys not sent to data entry, the out of
scope surveys, and the in scope surveys were traced back to the respective strata, and a count of

thesein each stratais presented in Table 4.

A response bias query was conducted on about 5.65% (57 landfills) of the 1008 presumed non-
respondents. Each of these 57 randomly-selected landfills was called to discern the reasons that the

screener survey was not recelved. The result of this effort is as follows:

- 25 facility contacts said that they over |ooked/misplaced/forgotten the survey (1 in stratum
2; 1in stratum 3; and 23 in stratum 4)

- 19 facility contacts said that they did not recall receiving any survey (2 in stratum 1; 3 in
stratum 3; and 14 in stratum 4)

- 7 facility contacts said that they did not feel it was applicable to them (1 in stratum 1; 2
in stratum 3; and 4 in stratum 4)

- 3 facility contacts said that they forgot and would complete the survey and return (2 in
stratum 3; and 1 in stratum 4)

- 2 facility contacts said that they received duplicate surveys, and this was checked and

found correct (these 2 are in stratum 4)
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- 1 facility contact said that they are under bankruptcy proceedings (thisisin stratum 1).

A total of 39 landfill screener survey responses were received past the deadline. since these were
received after the close of the screener survey database, they were not considered for any further
analyses. Among these 39 late arrivals, only four landfills collected wastewater generated from
landfill operations (landfill leachate and contaminated groundwater), and none of these four landfills
have any on-site treatment. Additional information on these four landfillsis: two were municipal,
non-commercial, and discharged untreated wastewater to a Publicly Owned Treatment Works
(POTW); one was government, commercial, and discharged untreated wastewater to a POTW; one

was private and sent their wastewaters for off-site disposal.

Questionnaire distribution

A total of 859 landfill operators reported that they collect one or more type of wastewater generated
from the landfill operations (landfills collecting only storm water were not included). These landfills
were conddered as the sample frame to receive the Section 308 questionnaire for landfills. Facilities
with treatment were targeted most heavily, while some facilities without treatment but collect
wastewater were randomly selected to receive only Section A of the questionnaire. The facilities

selected fall into any of the following eight categories:

1. Commercia private, municipal, or government facilities which have wastewater treatment and

aredirect or indirect dischargers. A census was conducted of this part of the industry.
2. Commercia private, municipal, or government facilities which have wastewater treatment and

are zero dischargers (do not discharge to surface water or to a POTW). Approximately 25%

of these were randomly chosen to receive the questionnaire.
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Non-commercial private facilities with wastewater treatment. Approximately 40% of these

were randomly chosen to receive the questionnaire.

Facilitieswith no wastewater treatment. Approximately 10% of these were randomly chosen

to receive only Section A of the questionnaire.

Commercid facilities who accept PCB wastes. Only one facility wasin this category, and was

chosen.

Municipal hazardous waste landfills. There were two facilities in this category, and a census

was conducted of this part of the industry.

Small business with no wastewater treatment. A census was conducted of this part of the
industry.
Pre-test facility which was not in the screener population. Only one facility was in this

category, and was chosen based on knowledge of the industry and professional judgement.

For statistical analysis purposes, the facilities in each of the aforementioned categories were traced

back through their screener surveys to the respective strata, and a count of these in each strata is
presented in Table 5.

Section 308 Questionnaires were sent to a total of 252 mailing addresses that were considered in

scope from their screener responses. The questionnaire response was received from 248 landfills.

The remaining four landfills were presumed to be non-respondents. The questionnaire responses

received included four responses from pre-test questionnaires. Thus atotal of 248 responses were

available for further review.

Among the survey responses obtained, 22 were declared out of scope upon reviewing their response

and were not processed any further; 226 were reviewed for completeness and technical accuracy and
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were entered into the landfill questionnaire database. For statistical analysis purposes, the 252
guestionnaires that were sent, including the 226 questionnaires reviewed and placed in the database,

were traced back to the original screener population strata, and a count of these in each stratais
presented in Table 4.
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TABLE 4. COUNT OF SCREENER SURVEYSIN EACH CATEGORY BY STRATA!

Category Stratum1 Stratum?2 Stratum3 Stratum4  Total
Non-respondents 69 15 170 755 1009
Indligible? 79 9 45 294 427
Incomplete 2 0 1 0 3
In scope 141 91 222 405 859
Out of scope 305 20 456 1941 2722
Quest. recipients 51 35 77 88 2528
Quest. in database 46 32 71 76 226°
Quest. out of scope 4 3 4 11 22
Quest. non- 1 0 2 1 4
response

For each of the category presented below, alist of Survey 1D numbers and their respective
strata#  ispresented in Appendix A.

*Thisincludes all non-deliverables, out-of-business, and duplicate addresses.
3An additional oneisthe pre-test questionnaire, which is not part of any stratum.
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TABLE 5. QUESTIONNAIRE SELECTION BY CATEGORY

Category Stratu  Stratu  Stratu  Stratum  Total
ml m 2 m 3 4

Pri/com/muni/govt./with treat/D-I 12 27 51 38 128
discharge

Pri/non-com/with treatment 30 2 3 7 42
Pri/com/muni/govt./with treat/Zero 1 0 7 0 8
discharge

No treatment 5 6 14 38 63
PCB facilities with treatment 0 0 1 0 1
Municipal/hazardous 2 0 0 2
Small business/no treatment 1 0 1 5 7
Pre-test not in Screener population® - - - - 1
Totals 51 35 77 88 252

“Thisis a pre-test questionnaire and is not in any stratum because, it was not in the screener
database.
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TABLE 6. IN SCOPE SCREENERS NOT SELECTED FOR QUESTIONNAIRE BY

CATEGORY
Category Stratu  Stratu  Stratu  Stratum  Total
ml m 2 m 3 4

Pri/com/muni/govt./with treat/D-I 0 0 0 0 0
discharge

Pri/non-com/with treatment 31 0 6 27 64
Pri/com/muni/govt./with treat/Zero 7 9 7 25
discharge

No treatment 52 54 130 283 519
PCB facilities with treatment 0 0 0 0 0
Municipal/hazardous 0 0 0 0 0
Small business/no treatment 0 0 0 0 0
Totals 90 56 145 317 608
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APPENDIX B: DEFINITIONS, ACRONYMS, AND ABBREVIATIONS

ADMINISTRATOR: The Administrator of the U.S. Environmental Protection Agency.
AGENCY: The U.S. Environmental Protection Agency.

AVERAGE MASTER FILE: A method of calculating the average raw wastewater concentration for each
pollutant of interest in a subcategory. The Average Master File was calculated using all available data
collected in the Landfills industry study.

BASELINE FLOW: Estimated wastewater discharge flow rate for a selected facility in 1992 based on their
Detailed Questionnaire response.

BAT: The best available technology economically achievable, applicable to effluent limitationsto be achieved
by July 1, 1984, for industria discharges to surface waters, as defined by Sec. 304(b)(2)(B) of the CWA.

BCT: Thebest conventional pollutant control technology, applicableto discharges of conventional pollutants
from existing industrial point sources, as defined by Sec. 304(b)(4) of the CWA.

BOD.: Biochemical oxygen demand - Five Day. A measure of the biochemical decomposition of organic
matter in awater sample. It isdetermined by measuring the dissolved oxygen consumed by microorganisms
to oxidize the organic contaminants in awater sample under standard laboratory conditions of five days and
70 degrees Celsius. BOD; is not related to the oxygen requirements in chemical combustion.

BPT: The best practicable control technology currently available, applicable to effluent limitations to be
achieved by July 1, 1977, for industria dischargesto surface waters, as defined by Sec. 304(b)(1) of the CWA.

CAPDET: Computer-Assisted Procedure for the Design and Evaluation of Wastewater Treatment Systems.
Developed by the U.S. Army Corp. of Engineers, CAPDET isintended to provide planning level cost estimates
to analyze alternate design technologies for wastewater treatment systems.

CAPTIVE: Used to describe alandfill that isdirectly associated with an industrial or commercial operation.
See Chapter 2 for the conditions that a captive landfill must meet in order to be excluded from the landfill
effluent guideline.

CELL: Anareaof alandfill that is separated from other areas by an impervious structure. Each cell hasa
separate leachate collection system or would require a separate leachate collection system if one were
installed. Individual leachate collection systems that are combined at the surface are considered separate
systems by this definition.

CLEAN WATER ACT (CWA): The Federal Water Pollution Control Act Amendmentsof 1972 (33 U.S.C.

Section 1251 et seq.), as amended by the Clean Water Act of 1977 (Pub. L. 95-217), and the Water Quality
Act of 1987 (Pub. L. 100-4).
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CLEAN WATER ACT (CWA) SECTION 308 QUESTIONNAIRE:
A questionnaire sent to facilities under the authority of Section 308 of the CWA, which requestsinformation
to be used in the development of national effluent guidelines and standards.

CLOSED: A facility or portion thereof that iscurrently not receiving or accepting wastes and has undergone
final closure.

COMMERCIAL FACILITY: A facility that treats, disposes, or recycles/recoversthewastes of other facilities
not under the same ownership asthisfacility. Commercial operations are usually made availablefor afeeor
other remuneration. Commercial waste treatment, disposal, or

recycling/recovery doesnot have to be the primary activity at afacility for an operation or unit to be considered
"commercia".

CONTAMINATED GROUND WATER: Water below the land surface in the zone of saturation which has
been contaminated by landfill leachate. Contaminated ground water occurs at landfills without liners or at
facilitiesthat have released contaminants from aliner system. Ground water may al so become contaminated
if the water table risesto a point where it infiltrates the landfill or the |eachate collection system.

CONTAMINATED STORM WATER: Storm water which comesin direct contact with landfill wastes, the
waste handling and treatment areas, or wastewater that is subject to the limitations and standards. Some
specific areas of alandfill that may produce contaminated storm water include (but are not limited to): the
open face of an active landfill with exposed waste (no cover added); the areas around wastewater treatment
operations; trucks, equipment or machinery that has been in direct contact with the waste; and waste
dumping areas.

CONVENTIONAL POLLUTANTS: Constituents of wastewater as determined by Sec. 304(a)(4) of the

CWA, including pollutants classified as biochemical oxygen demand, total suspended solids, oil and grease,
fecal coliform, and pH.

DEEPWELL INJECTION: Disposal of wastewater into adeep well such that aporous, permeableformation
of alarger area and thickness is available at sufficient depth to ensure continued, permanent storage.

DETAILED MONITORING QUESTIONNAIRE (DMQ): Questionnaires sent to collect monitoring data
from 27 selected landfill facilities based on responses to the Section 308 Questionnaire.

DIRECT DISCHARGER: A facility that discharges or may discharge treated or untreated wastewater into
waters of the United States.

DRAINED FREE LIQUIDS: Aqueous wastes drained from waste containers (e.g., drums, etc.) prior to
landfilling. Landfills which accept containerized waste may generate this type of wastewater.

EFFLUENT LIMITATION: Any restriction, including schedul es of compliance, established by aState or the
Administrator on quantities, rates, and concentrationsof chemical, physical, biological, and other constituents
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which are discharged from point sources into navigable waters, the waters of the contiguous zone, or the
ocean. (CWA Sections 301(b) and 304(b)).

EPA: The U.S. Environmental Protection Agency.

EXISTING SOURCE: Any facility from which thereis or may be adischarge of pollutants, the construction
of which is commenced before the publication of the proposed regulations prescribing a standard of
performance under Sec. 306 of the CWA.

FACILITY: All contiguous property owned, operated, leased or under the control of the same person or entity.

GASCONDENSATE: A liquid which hascondensed in the landfill gas collection system during the extraction
of gas from within the landfill. Gases such as methane and carbon dioxide are generated due to microbial
activity within the landfill, and must be removed to avoid hazardous conditions.

GROUND WATER: The body of water that is retained in the saturated zone which tends to move by
hydraulic gradient to lower levels.

HAZARDOUS SUBCATEGORY': For the purposes of this guideline, Hazardous subcategory refersto all
landfills regulated under Subtitle C of RCRA.

HAZARDOUS WASTE: Any waste, including wastewater, defined as hazardous under RCRA (40 CFR
261.3).

INACTIVE: A facility or portion thereof that is currently not treating, disposing, or recycling/recovering
wastes.

INDIRECT DISCHARGER: A facility that discharges or may discharge wastewater into a publicly-owned
treatment works (POTW).

INTRA-COMPANY: A facility that treats, disposes, or recycles/recovers wastes generated by off-site
facilities under the same corporate ownership. The facility may also treat on-site generated wastes.

LANDFILL: An areaof land or an excavation in which wastes are placed for permanent disposal, that is not
aland application or land treatment unit, surface impoundment, underground injection well, waste pile, salt
dome formation, a salt bed formation, an underground mine or a cave.

LANDFILL GENERATED WASTEWATER: Wastewater generated by landfill activities and collected for
treatment, discharge or reuse, include: leachate, contaminated ground water, storm water runoff, landfill gas
condensate, truck/equipment washwater, drained free liquids, floor washings, and wastewater from recovering
pumping wells.

LEACHATE: Leachateisaliquid that has passed through or emerged from solid waste and contains soluble,
suspended, or miscible materiasremoved from suchwaste. Leachateistypically collected from aliner system
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above which waste is placed for disposal. Leachate may also be collected through the use of Slurry walls,
trenches or other containment systems.

LEACHATE COLLECTION SY STEM: The purpose of aleachate collection system is to collect
leachate for treatment or aternative disposal and to reduce the depths of leachate buildup or level of saturation
over the low permeability liner.

LINER: Theliner isalow permeability material or combination of materias placed at the base of alandfill to
reduce the discharge to the underlying or surrounding hydrogeol ogic environment. Theliner isdesigned asa
barrier to intercept leachate and to direct it to a leachate collection system.

LONG-TERM AVERAGE (LTA): For purposesof the effluent guidelines, average pollutant level s achieved
over a period of time by afacility, subcategory, or technology option. LTAs are used in developing the
limitations and standards in the landfill regulation.

NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM (NPDES) PERMIT:
A permit to discharge wastewater into waters of the United States issued under the National Pollutant
Discharge Elimination System, authorized by Section 402 of the CWA.

NEW SOURCE: Asdefined in 40 CFR 122.2, 122.29, and 403.3 (k), anew source is any building,
gructure, facility, or ingtalation from which thereis or may be adischarge of pollutants, the construction of
which commenced (1) for purposes of compliance with New Source Performance Standards (NSPS)
established under CWA section 306, after the promulgation of these standards; or (2) for the purposes of
compliance with Pretreatment Standards for New Sources (PSNS), after the publication of proposed
gtandards under CWA section 307 (), if such standards are thereafter promulgated in accordance with that
section.

NONCONVENTIONAL POLLUTANTS: Pollutantsthat are neither conventional pollutantslisted at 40
CFR Part 401.16 nor priority pollutants listed in Appendix A of 40 CFR Part 423.

NON-CONTAMINATED STORM WATER: Storm water which doesnot comein direct contact with
landfill wastes, the waste handling and treatment areas, or wastewater that issubject to thelimitationsand
standards. Non-contaminated storm water includes storm water which flows off the cap, cover,
intermediate cover, daily cover, and/or fina cover of the landfill.

NON-HAZARDOUS SUBCATEGORY : For the purposes of thisreport, Non-Hazardous subcategory refers
to all landfills regulated under Subtitle D of RCRA.

NON-WATER QUALITY ENVIRONMENTAL IMPACT: Deleterious aspects of control and treatment

technol ogies applicable to point source category wastes, including, but not limited to air pollution, noise,
radiation, sludge and solid waste generation, and energy usage.
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NSPS: New Source Performance Standards, applicable to new sources of direct dischargers whose
construction is begun after the publication of the proposed effluent regulations under CWA section 306.

OCPSF: Organic chemicals, plastics, and synthetic fibers manufacturing point source category.
(40 CFR Part 414).

OFF-SITE: Outside the boundaries of afacility.

ON-SITE: The same or geographically contiguous property, which may be divided by apublic or private right-
of-way, provided the entrance and exit between the propertiesis at a crossroads intersection, and access is
by crossing as opposed to going along the right-of-way. Non-contiguous properties owned by the same
company or locality but connected by aright-of-way, which it controls, and to which the public does not have
access, is also considered on-site property.

PASS THROUGH: A pollutant is determined to “ pass through” POTWSs when the nationwide median
percentage removed by well-operated POTWSs achieving secondary treatment isless than the percentage
removed by the industry’ s direct dischargers that are using the BAT technology.

POINT SOURCE: Any discernable, confined, and discrete conveyance from which pollutants are or may be
discharged.

POLLUTANTS OF INTEREST (POIs): Pollutants commonly found in landfill generated wastewater. For
the purposes of this report, a pollutant of interest is a pollutant that is detected three or more times above a
treatable level at alandfill, and must be present at more than one facility.

PRIORITY POLLUTANT: One hundred twenty-six compounds that are a subset of the 65 toxic pollutants
and classes of pollutants outlined in Section 307 of the CWA. The priority pollutants are specified in the
NRDC settlement agreement (Natural Resources Defense Council et a v. Train, 8 E.R.C. 2120 [D.D.C.
1976], modified 12 E.R.C. 1833 [D.D.C. 1979]).

PRODUCT STEWARDSHIP: These activities mean the acceptance for treatment and disposal of
only the following materials: spent, or unused products; shipping and storage containers with
product residue; off-specification products.

PSES: Pretreatment standards for existing sources of indirect discharges, under Sec. 307(b) of the CWA.
PSNS: Pretreatment standards for new sources of indirect discharges, applicable to new sources whose

construction has begun after the publication of proposed standards under CWA section 307 (c), if such
standards are thereafter promulgated in accordance with that section.

PUBLIC SERVICE: Theprovisonof landfill waste disposa servicestoindividua membersof the generd
public, publicly-owned organizations (schools, universities, government agencies, municipalities) and
not-for-profit organizations for which the landfill does not receive afee or other remuneration.
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PUBLICLY OWNED TREATMENT WORKS (POTW): Any device or system, owned by a state or
municipality, used in the treatment (including recycling and reclamation) of municipal sewage or industrial
wastes of a liquid nature that is owned by a state or municipality. This includes sewers, pipes, or other
conveyances only if they convey wastewater to a POTW providing treatment (40 CFR 122.2).

RCRA: The Resource Conservation and Recovery Act of 1976 (RCRA) (42 U.S.C. Section 6901 et seq.),
which regul ates the generation, treatment, storage, disposal, or recycling of solid and hazardous wastes.

SUBTITLE CLANDFILL: A landfill permitted to accept hazardous wastes under Sections 3001 and 3019 of
RCRA and the regulations promulgated pursuant to these sections, including 40 CFR Parts 260 through 272.

SUBTITLE D LANDFILL: A landfill permitted to accept only non-hazardous wastes under Sections 4001
through 4010 of RCRA and the regulations promulgated pursuant to these sections, including 40 CFR Parts 257
and 258.

SURFACE IMPOUNDMENT: A natura topographic depression, man-made excavation, or diked areaformed
primarily of earthen materials (although it may be lined with man-made materials), used to temporarily or
permanently treat, store, or dispose of waste, usualy in theliquid form. Surface impoundments do not include
areas constructed to hold containers of wastes. Other common names for surface impoundments include
ponds, pits, lagoons, finishing ponds, settling ponds, surge ponds, seepage ponds, and clarification ponds.

TOXIC POLLUTANTS: Pollutants declared “toxic” under Section 307(a)(1) of the Clean Water Act.

TRUCK/EQUIPMENT WASHWATER: Wastewater generated during either truck or equipment washes at
the landfill. During routine maintenance or repair operations, trucks and/or equipment

used within the landfill (e.g., loaders, compactors, or dump trucks) are washed and the resultant washwaters
are collected for treatment.

VARIABILITY FACTOR: The daily variability factor is the ratio of the estimated 99th percentile of the
distribution of daily values divided by the expected value, median or mean, of the distribution of the daily data.
The monthly variability factor is the estimated 95th percentile of the distribution of the monthly averages of the
data divided by the expected value of the monthly averages.

ZERO DISCHARGE: No discharge of pollutantsto waters of the United Statesor toaPOTW. Alsoincluded

inthisdefinition areaternative discharge or disposal of pollutants by way of evaporation, deep-well injection,
off-site transfer, and land application.
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Activated Sludge
Capital Cost Curves (9-71, 9-72)
Costing (9-20, 9-36)
Evauated as BAT - Hazardous Subcategory (11-31, 11-84)
Evauated as BAT - Non-Hazardous Subcategory (11-29, 11-82, 11-83, 11-85)
Evauated as BPT - Hazardous Subcategory (11-20, 11-84)
Evauated as BPT - Non-Hazardous Subcategory (11-8, 11-82, 11-83)
O&M Cost Curve (9-73)
Technology Description (8-34, 8-79)
Treatment Performance (8-50, 8-58, 8-88)
Types (8-36)

Age (see Landfills Industry)
Air Pollution Reduction Impacts (10-1)

Air Stripping
Number of Landfills currently using (8-53)
Technology Description (8-14, 8-67)

Ammonia
Limitations - Hazardous Subcategory (2-20, 11-80)
Limitations - Non-Hazardous Subcategory (2-21, 11-68)
National Estimates of Pollutant of Interest Reductions (11-69, 11-70)
Pretreatment Standards - Hazardous Subcategory (2-5, 11-48)
Pretreatment Standards - Non-Hazardous Subcategory (2-5, 11-35)
Raw Wastewater Concentrations- Hazardous Subcategory (5-20, 5-25, 6-50, 6-51, 8-56, 8-58,
11-56, 11-74, 11-77)
Raw Wastewater Concentrations- Non-Hazardous Subcategory (5-20, 5-23, 5-24, 5-27, 5-30,
6-49, 6-51, 8-54, 8-55, 8-60, 11-56, 11-62, 11-65)
Treated Effluent Concentrations - Hazardous Subcategory (8-56, 8-58, 11-56, 11-74, 11-77)
Treated Effluent Concentrations - Non-Hazardous Subcategory (8-54, 8-55, 8-60, 11-56, 11-62,
11-65)

Anaerobic Biological Systems
Technology Description (8-30, 8-75)
Technology Performance (8-46, 8-54, 8-85)

Applicable Waste Streams (2-2, 6-1, 6-8, 6-30)
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Aqueous Waste Disposal Impacts (10-3)

Attached-Growth Biological Systems
Technology Description (8-31, 8-76, 8-77, 8-78)
Types (8-31)

BAT (1-2)
Costs (9-31, 9-32, 9-40, 9-44, 9-49, 9-54)
Limitations - Hazardous Subcategory (2-4, 2-20, 11-31, 11-80)
Limitations - Non-Hazardous Subcategory (2-4, 2-21, 11-29, 11-68)
Technology Description (8-1)
Technology Options - Hazardous Subcategory (11-84)
Technology Options - Non-Hazardous Subcategory (11-81, 11-82, 11-83, 11-85)

BCT (1-2
Costs (9-30, 9-31, 9-40, 9-44, 9-49)
Limitations (2-4, 11-27)
Technology Options (11-82, 11-83, 11-84)

Best Management Practices (8-1)

Benzoic Acid
Limitations - Hazardous Subcategory (2-20, 11-80)
Limitations - Non-Hazardous Subcategory (2-21, 11-68)
National Estimates of Pollutant of Interest Reductions (11-69)
Pretreatment Standards - Hazardous Subcategory (11-48)
Pretreatment Standards - Non-Hazardous Subcategory (11-41)
Raw Wastewater Concentrations- Hazardous Subcategory (5-20, 5-25, 6-50, 6-53, 8-56, 8-58,
11-56, 11-74, 11-77)
Raw Wastewater Concentrations - Non-Hazardous Subcategory (5-20, 5-22, 5-24, 5-27, 5-30,
6-49, 6-53, 8-54, 8-55, 8-60, 11-56, 11-62, 11-66)
Treated Effluent Concentrations - Hazardous Subcategory (8-56, 8-58, 11-56, 11-74, 11-77)
Treated Effluent Concentrations - Non-Hazardous Subcategory (8-54, 8-55, 8-60, 11-56, 11-62,
11-66)

Biological Treatment
Asasdection criteriafor BPT facilities (11-8, 11-9, 11-10, 11-20, 11-21, 11-22, 11-55, 11-58,
11-59, 11-60, 11-73, 11-82, 11-83, 11-84)
Number of Landfills currently using (3-37, 8-26, 8-53)
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Technology Description (8-24)
Types (8-26)

BOD, (4-2, 5-13, 6-10, 6-18)
Asasdlection criteriafor BPT facilities (11-11, 11-55, 11-57, 11-58, 11-59)
Concentration with Age of Landfill (5-11, 5-30, 6-10)
Limitations - Hazardous Subcategory (2-20, 11-80)
Limitations - Non-Hazardous Subcategory (2-21, 11-68)
National Estimates of Pollutant of Interest Reductions (11-69, 11-70)
Raw Wastewater Concentrations - Hazardous Subcategory (5-20, 5-25, 6-50, 6-51, 8-56, 8-58,
11-56, 11-74, 11-76)
Raw Wastewater Concentrations- Non-Hazardous Subcategory (5-20, 5-23, 5-24, 5-27, 5-30,
6-31, 6-49, 6-51, 8-54, 8-55, 8-60, 11-56, 11-59, 11-62, 11-64)
Regulated Pollutant (7-14, 7-21)
Treated Effluent Concentrations - Hazardous Subcategory (8-56, 8-58, 11-74, 11-76)
Treated Effluent Concentrations - Non-Hazardous Subcategory (8-54, 8-55, 8-60, 11-62, 11-64)

BPT (1-1, 11-6)
Costs (9-29, 9-30, 9-40, 9-44, 9-49)
Limitations - Hazardous Subcategory (2-4, 2-20, 11-23, 11-80)
Limitations - Non-Hazardous Subcategory (2-4, 2-21, 11-11, 11-68)
Selected Facilities (11-60, 11-73)
Technology Options - Hazardous Subcategory (11-20, 11-84)
Technology Options - Non-Hazardous Subcategory (11-8, 11-82, 11-83)

Breakpoint Chlorination
Capital Cost Curve (9-83)
Costs (9-27, 9-36)
O&M Cost Curve (9-84)
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