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SECTION I

SUMMARY

The primary purpose of this study was to determine the presence and
concentrations of the 129 toxic or "priority" pollutants in the coal
mining point source category for possible regulation. This
development document presents the technical data base developed by EPA
with regard to these pollutants and their treatability for regulation
under the Clean Water Act. The concentrations of conventional and
nonconventional pollutants were also examined for the establishment of
effluent limitations guidelines based on the application of the best
conventional pollutant control technology (BCT) and the best available
technology economically achievable (BAT), respectively. Necessary
modifications to prior regulations based on best practicable control
technology currently available (BPT) were also identified. Treatment
technologies were also assessed for designation as the best available
demonstrated technology upon which new source performance standards
(NSPS) are based. This document outlines the technology options
considered and the rationale for selecting each technology level.
These technology levels are the basis for the promulgated effluent
limitations.

A second purpose of this study was to assess the need for establishing
effluent I imi tations to regulate discharges from. surface and deep
(underground) mines after ,cessation of active mining. The wastewaters
from these facilities where coal ~xtraction has ceased are referred to
as "post-mining discharges. II

A third purpose· was to assess the appropriateness of establishing a
separate subcategory for regulation of discharges from coal mines· in
the western UniteOStates. And finally, a fourth purpose was to
review existing effluent limitations during precipitation events.

SUBCATEGORIZATION

On 26 April 1977, the Agency promulgated BPT effluent limitations for
three subcategories in the coal mining point source category. These
subcategories includ~ acid drainage mines, alkaline drainage mines,
and preparation plants and associated areas. On 12 January 1979, the
Agency published new source performance standards for these three

1



subcategories. Two additional subcategories (areas under reclamation
and western mines) were also established at that time.

After an extensive statistical and engineering analysis of category
profile factors, the existing BPT and NSPS subcategorization is being
modified in this rulemaking to include a number of revisions. First,
post mining discharges are established as a subcategory for regulation
of effluents from surface and deep mines. For surface mines, areas
where coal extraction and recontouring have been completed and
revegetation has been commenced will be SUbject to settleable solids
and pg limitations. For deep mines, any discharge to surface waters
after completion of active mining operations is subject to identical
limitations as those in effect during active mining. The effluent
limitations guidelines in the post-mining subcategory will apply until
the release of the reclamation bond required under the Surface Mining
Control and Reclamation Act ("SMRCA").

Second, the Agency has compiled and reviewed data from a number of
programs investigating sedimentation pond performance during various
rainfall events. Control of settleable solids and pH during rainfall
periods will be required. These limitations will apply for increases
in overflows resulting from rainfall events (or snowmelts of
equivalent volumes) less than or equal to the lO-year, 24-hour storm.
If a larger event occurs, operators will be required to comply with a
pH limitation. Facilities will not be required to have a pond which
can contain the runoff from a lO-year, 24-hour storm in order to
qualify for the alternate limitations (as was in the previous
regulations and the proposal for this rulemaking). Rather, facilities
are eligible for these alternate limitations irregardless of the type
of treatment facility.

Third, the Agency has concluded that discharges from western mines do
not warrant separate subcategorization. The BAT subcategorization
will be identical to the modified BPT categorization, since no
additional factors were identified that substantially affect effluent
characteristics. New source subcategorization is also identical to
the modified BPT subcategorization scheme with the exception of the
preparation plant and preparation plant associated area subcategory,
which is subdivided into the two component segments: preparation
plants and preparation plant associated areas. NSPS for coal
preparation plants is set at zero discharge; NSPS for associated areas
is equal to the modified BPT. The modified storm exemption will
generally apply to all subcategories. However, no exemption will be
available for discharges from new source preparation plants or
underground workings at underground coal mines except if they are
commingled with surface runoff. Rainfall will not substantially
affect underground mine discharges, and relief from limitations during
storm events is not necessary. Also, the zero discharge requirement
is being established for new source preparation plants, and thus no
storm exemption is available for discharges from this new source
subcategory.
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WATER SOURCES

The major sources of wastewater in the coal mining category include
precipitation, surface runoff, ground water infiltration, and
effluents from coal preparation plants. No process water is used in
the mining phase, except for minor consumption in dust suppression,
pump coolants, and firefighting needs. Therefore, pollution abatement
in this industry must be approached differently than other industries,
with reliance on operating and management practices for wastewater
source control as well as end-of-pipe treatment technologies. In the
preparation phase, water is used to clean the raw coal. Water usage
is typically 350 gallons per ton and is laden with coal and refuse
fines which must be removed prior to discharge or reuse.

POLLUTANT COVERAGE

Toxic (Priority) Pollutants

Sampling and analysis for the 129 priority pollutants was conducted in
this industry. Sixty-seven of the 114 toxic organics were not
detected in treated mine wastewaters and 23 were detected in the
effluent of only one or two mines and always below 10 ug/l. This
level is'considered to be the effective detectability limit for state
of-the-art analytical techniques. Ten of the toxic organic pollutants
that were detected above 10 ug/l are believed to be present due to
sampling, preservation, or analytical contamination. The remaining 14
were present in amounts too small to be effectively reduced by
additional treatment technology. Thus, no regulations are estaplished
for the toxic organic compounds. Five of the thirteen priority metals
(antimony, beryllium, cadmium, silver, and thallium) were found in
treated wastewaters at levels near or at their limits of detection by
state-of-the-art analytical techniques. Therefore, no limitations ate
established for these pollutants. The remaining eight toxic metal
pollutants (arsenic, chromium, copper, lead, mercury, nickel,
selenium, and zinc) were found at levels above their detection limits
but not uniformly throughout the industry. As discussed in Section
VI, these metals are already effectively controlled by BPT technology,
i.e., by treatment measures already in place. Cyanide was found only
in isolated cases and always at levels well below 10 ug/l. This
concentration is well below treatability levels for quantifiable
ceduction of cyanide, and thus no limitation is established for this
pollutant.
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Chrysotile asbestos is the form of asbestos the Agency believes is the
most important type to consider for regulation. This form was found
in coal mining wastewaters at concentrations considered to be slightly
above background levels, and thus no limitation is established. The
Agency is expanding the asbestos data base and refining the analytical
protocol for asbestos analyses. Further, toxicological studies are
being conducted to determine the environmental effects of other forms
of asbestos. Pending results from these programs, the Agency will
assess the need for establishment of an effluent limitation for other
asbestos forms.

Conventional Pollutants

The Agency is reserving the promulgation of effluent limitations for
conventional pollutants pending finalization of the cost methodology
for removal of these pollutants. New source performance standards,
however, for TSS and pH are being promulgated, and BPT limitations for
these parameters remain in effect.

Nonconventional Pollutants

Iron and manganese are the only two nonconventional pollutants
requiring control. These are effectively reduced by application of
BPT. Therefore, the Agency is promulgating BAT limitations for iron
and manganese equivalent to the BPT levels.

TREATMENT .~ CONTROL TECHNOLOGY

Amendments i2 BPT

No effluent limitations gUidelines previously promulgated for the
three 8PT subcategories will be modified under this rulemaking except
as outlined below.

Post Mining Discharges

Surface Mines. The Agency instituted a self-monitoring program
involving 12 mine companies (23 sites) to establish performance data
for sedimentation ponds receiving drainage primarily from areas under
reclamation. Results indicate that settleable solids and pH are
consistently reduced by properly designed, constructed, and maintained
ponds or basins. Thus, the Agency is promulgating limitations for
these parameters for this subdivision. These effluent standards will
apply from the time any acreage is first revegetated after active
mining through release of the applicable SMRCA reclamation bond for
that acreage.·
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Underground Mines. Technology installed for treatment of raw drainage
during active mining is the basis for regulation of underground mine
drainage after active mining ceases. For acid underground mines, this
will include neutralization and settling; settling alone is the
appropriate technology for alkaline underground mines. Costs for
operation of this equipment will be similar to annual costs during the
active mine life.

Alternate Limitations During Storms

Previous studies conducted by EPA have shown that the TSS limitations
cannot be consistently met during precipitation events due primarily
to site specific factors. Accordingly, previous coal mining
regulations have afforded relief from effluent requirements during
storm conditions provided the treatment facility is properly designed
and operated. The exemption permitted a discharge without regard to
effluent quality.

Since promulgation of the previous BPT and NSPS coal mining
regulations, two separate studies (one at 24 sites, the other at 8
sites) have been performed to evaluate the performance of
sedimentation ponds during various rainfall events. These studies
concluded that settleable solids and pH best characterize pond
performance, and limitations are established for these parameters.
Compliance with the limitations will be required for any discharges
due to precipitation except those caused by storms greater than a 10
year, 24-hour precipitation event. For these events, only a pH
limitation will apply. These are the modifications to the exemption
published in 44 FR 76788 (28 December 1979). The additional costs
incurred for this modification will be confined to a minor amount of
additional, inexpensive monitoring and some potential supplemental
lime addition requirements. These are judged to be relatively minor,
and far outweighed by the potential savings accrued from the
elimination of the 10-year, 24-hour design standard. No alternate
limitations or exemptions are provided for discharges from the
underground workings of underground mines except where such discharges
are commingled with surface runoff. In order to allow alternate
treatment systems and to be consistent with the proposed Office of
Surface Mining (OSM) regulations, the Agency has also decided to
delete pond design criteria as requirements for eligibility for the
storm exemption. Thus, facilities will not have to construct
specified treatment ponds; they will instead be required to meet
effluent limitations.

Western Mines

EPA evaluated wastewater characteristics and treatment technologies
used by eastern and western mines to determine if differences exist in
pertinent effluent characteristics between eastern and western mines.
EPA determined that, while treatment systems at western mines
discharge less frequently than those at eastern mines (due primarily
to less precipitation and generally larger design volumes), effluent
quality of western mine treatment systems is virtually the same as
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that for eastern mines. Thus, a separate "western mines" subcategory
is not appropriate for BAT and NSPS regulations for the coal mining
industry. It should be noted, however, that at 40 CFR Part
122.62(1)(2) (45 FR 33450) and 40 CFR Part 123.7 (45 FR 33469),
existing NPDES permit limitations which are more stringent than
subsequently promulgated guidelines may be retained upon reissuance of
the permit. Moreover, regional permit authorities have the freedom to
impose more stringent requirements in light of site specific
conditions (see 45 FR 33290, 19 May 1980).

BAT

Acid Drainage Mines

The Agency conducted sampling at 18 acid drainage mine sites and
evaluated discharge monitoring reports (DMRs) submitted under the
National Pollutant Discharge Elimination System (NPDES) for 56
additional facilities in this subcategory. Results indicate that
treatment technology already installed, including neutralization,
aeration, and settling, effects substantial reductions of the key
pollutant parameters, including TSS, iron, manganese, and the toxic
metals. Further, substantial reductions by additional treatment
technologies, including flocculant addition and granular media
filtration, were not achieved, according to treatability studies
conducted by the Agency on wastewaters from a number of coal mines.
Therefore, the BAT effluent limitations are based upon BPT technology
and are identical to the BPT effluent limitations.

Alkaline Drainage Mines

The Agency sampled effluents from 28 different facilities and
evaluated DMRs from an additional 32 coal mines in this subcategory.
These effluents contain very low concentrations of toxic and
nonconventional pollutants after application of settling, which is the
treatment option upon which BPT limitations were promulgated. The
Agency has thus concluded that BAT limitations should be equal to BPT
effluent limitations.

Preparation Plants and Associated Areas

The Agency conducted a sampling program at 28 preparation plants
during the BAT review. Further, an industry survey of wastewater
treatment practices was instituted. One hundred and fifty-two plants
responded to this survey. Discnprge data were also collected from
DMRs for an additional 12 sites. Although raw wastewater from this
subcategory can contain very substantial amounts of TSS and metals,
they are significantly reduced by BPT-Ievel technology, i.e., settling
technology, with neutralization also necessary for acidic ~ssociated

area drainage. Treated waters are often at least partially reused.
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A number of end-of- pipe treatment technologies and a zero discharge
requirement were investigated for application in this subcategory.
Where preparation plant wastewater can be segregated from associated
area wastewater, zero discharge (or total recycle) of water can be
achieved. Because it is currently common practice in the industry to
combine these wastewaters for treatment, most operators would have to
retrofit separate treatment systems for the two wastewaters. This
involves substantial capital and annual expenditures. In contrast,
these retrofit costs are not incurred for new facilities.

Consequently, the Agency has established a zero discharge requirement
for new source preparation plants while not applying such a
requirement for existing sources. Discharges from existing sources
were evaluated to determine the merits. of additional treatment
downstream of the existing BPT treatment system. The two technologies
investigated were flocculant addition and gran~lar media filtration.
Results indicate that neither of these achieved significant pollutant
reduction beyond BPT. Therefore, BAT limitations will be identical to
BPT limitations for this subcategory.

Amendments to NSPS---
New source performance standards were promulgated by the Agency on
January 12, 1979 (44 FR 2586). With the following exceptions, this
regulation does not change these standards. The previous regulation
set NSPS equal to B~T.l The new regulation, however sets NSPS for coal
preparation plants at no discharge of wastewater pollutants. This is
the best available demonstrated technology, having been installed in a
number of preparation plants in regions of varying topography and
climate. Associated area drainage will be neutralized and settled
independently of the preparation plant water circuit, for compliance
with limitations equal to those established for BPT.

The zero discharge standard for preparation plants includes a
provision for an occasional purge or release of process wastewater
when necessary to reduce the concentration of solids or process
chemicals in the water circuit to a level which would not interfere
with the preparation process or process equipment.

lNSPS were based on BPT technology. However, the numerical iron
limitation of 3.0 mg/l 30 day average, 6.0 mg/l daily maximum was set
for NSPS, based on evaluation of the data collected in that rulemaking
effort. The BPT limitation is 7 mg/l 30 day average, 3.5 mg/l daily
maximum.
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SECTION II

FINAL REGULATIONS

BPT standards were promulgated on 26 April 1977 (42 FR 21380) based on
the best practicable (BPT) control technology currently available.
New source limitations (44 FR 2586) were also promulgated by the
Agency on January 12, 1977 as required by the Clean Water Act of 1977.
The Agency had reserved promulgation of limitations and standards for
certain segements of the coal mining industry pending further data
collection and analysis. The issues for further study included: (1)
the appropriateness of a western mines subcategory, (2) the
appropriateness of a post mining subcategory, (3) the type of storm
relief granted to facility operators. Effluent limitations for the
best available technology economically achievable (BAT) were proposed
in January 13, 1981. Amendments to the BPT and NSPS regulations,
primarily concerning the three issues listed above, were also
proposed. The best conventional pollutant control technology (BeT) to
treat conventional pollutants and the applicability of pretreatment
standards and best management practices was also investigated in the
prop6sed rulemaking. The resulting final regulations are presented
below.

AMENDMENTS TO BPT REQUIREMENTS

Alternate Limitations During Precipitation Events

Previous studies by EPA contractors showed that TSS cannot be
controlled consistently when it rains. Since those studies, EPA has
instituted two sampling and analysis programs to characterize
sedimentation pond performance parameters during various rainfall
events. Results substantiate that settleable solids and pH can be
effectively controlled during rainfall events (or snowmelt of
equivalent volume) less than the 10-year, 24-hour design storm, as
follows:
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Surface Mines

Average of daily
values for 30
consecutive days
shall not exceed

Effluent Limitations*

0.5 mIll

Maximum for
anyone day

within the range
6.0 to 9.0

at all times

*The limitations in this table apply to overflows caused by
precipitation or equivalent snowmelt volumes less than the
10-year, 24-hour event, except where noted.

,

The Agency has established limits on settleable solids and pH for
reclamation areas as follows:

pH

Post Mining Discharges

Underground.Mines

EPA determined that for inactive underground mines, the effluent
limitations that apply to active mines during dry weather conditions
will remain in effect until the performance bond issued under the
Surface Mining Control and Reclamation Act (SMCRA) has been released.
This will ensure that pollution abatement will continue until
effective sealing and reclamation practices have been instituted.

Effluent
Characteristic

Further, the EPA studies indicate that pH may be controlled for all
storms, regardless of their size. Settleable solids were selected for
regulation because pond performance during precipitation or increased
flows due to snowmelt is much more consistent with regard to this
parameter than for total suspended solids effluent levels. In
contrast to the prior regulations and the proposed regulations, under
this rulemaking, operators are no longer required to design their
treatment facilities according to certain criteria. The Agency
believes that operators should have maximum flexibility in meeting the
effluent limitations with treatment' systems designed for their
specific situations.

Settleable Solids



Western Mines

BCT EFFLUENT LIMITATIONS

As discussed in Section I, the BCT limitations are being reserved
until a final BCT cost methodology is adopted by the Agency.

of effluent
economically

Average of daily
values for 30
consecutive days
shall not exceed

Effluent Limitations

0.5 ml/l

Maximum for
anyone day

within the range
6.0 to 9.0

at all times

were established for promulgation
on the best available technology

pH

Effluent
Characteristic

Settleable Solids

These limitations apply to areas where regrading has been completed
and revegetation commenced, and will extend through the release of the
applicable reclamation bond.

~ EFFLUENT LIMITATIONS
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1. Preparation plants and associated areas

Previous BPT coal mlnlng regulations did not apply to mines located in
six specified western states (40 CFR 434.32(a)). However, based on
review of data collected for this rulemaking, the Agency has
determined that although western mines discharge less frequently than
facilities located in the midwest and east, the effluent
characteristics of discharges considered fof regulation from western
mines are very similar to discharges from mines in other geographic
regions. These final regulations will therefore apply to all coal
mines wherever located in the United states.

Four subcategories
limitations based
achievable (BAT):



2. Acid mine drainage
3. A.lkaline mine drainage
4. Post mining discharges.

The· limitations for acid mine drainage, post mlnlng discharges at
underground mines, and coal preparation plants and associated areas
are based on neutralization and settling; those for alkaline drainage
mines and reclamation areas are based on settling. For the coal
mining industry, the BAT and BPT technologies are identical, so that
the effluent limitations will be the same. The limitations guidelines
appear in Table II-I. The modified BPT conditions will also apply for
BAT, including the alternate limitations for rainfall. As in the BPT
promulgation, a variance will be permitted on a case-by-case basis to
allow effluent pH to slightly exceed 9.0 to achieve the manganese
limitation for those subcategories subject to manganese limitations.

AMENDMfNTS TO NEW SOURer PERPORMANC~ STANDARDS

Previously promulgated new source performance standards for the coal
mining industry required achievement of pollutant levels based on BPT
for all subcatego;ies. NSPS is being amended by requiring achievement
of pollutant levels based on the same technology proposed for BAT/BPT
for each subcategory except preparation plants. NSPS for coal
preparation plants are no discharge of wastewater pollutants based on
complete water recycle system,a demonstrated technology for these
facilities. Occasional purges from this system are permitted when
necessary to reduce the concentration of solids or process chemicals
in the water circuit to a level which will not interfere with the
preparation process or process equipment. Facilities using/the purge
will be subject to alternate limitations (equal to BAT/BPT) while
purging. The modified BPT conditions will also apply for NSPS except
that alternate limitations during storms will not be available to new
source preparation plants. NSPS limitations guidelines appear in
Table II-2.

PRETREATMrNf SfANOAROS

Pretreatment standards are not established for the coal mlnlng
industry because there are no known existing situations in which such
standards would be applicable. No indirect dischargers are known to
exist in this category, nor are any anticipated.
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Table 11-1
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*If raw wastewater is acidic prlo'rtoany ,t.reatment.

3.5
2.0

3.5
2.0

3.5

3.5
2.0

Average of daily
values for 30

consecutive days
shall not exceed

Effluent Limitations (mg/l)

7.0
4.0

1.0

7.0
4.0

7.0
4.0

. 0.5 mIll
within the rang~

6.0 to 9.0
at all times

Maximum for
any one da~

EFFLUENT LIMITATIONS BASED ON BEST AVAILABLE
TECHNOLOGY .ECONOMICALLY ACHIEVABLE (BAT)

Acid Mine Drainage:
Fe (total)
Mn (total)

Alkaline Mine Drainage:
Fe (total)

SUbcategory and.
Effluent

Characteristics

Preparation Plants and
Associated Areas:

Fe (total)
Mn*(total)

Underground Mines
Fe (total)
Mn*(total)

Post Mining Discharges:

Reclamation Areas (Surface)
Settleable Solids
pH (units)



Table 11-2
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3.0
2.0

35

3.0
2.0

35

3.0
35

3.0
2.0

35

Limitations (m$/I)Effluent

Maximum for
anyone day

6.0
70

within the range
6.0 to 9.0

at all times

6.0
4.0

70
within the range

6.0 to 9.0
at all times

NO DISCHARGE OF WASTEWATER'
POLLUTANTS

0.5 mIll
within the range

6.0 to 9.0
at all times

6.0
4.0

70
within the range

6.0 to 9.0
at all times

6.0
4.0

75
within the range

6.0 to 9.0
at all times

Alkaline Mine Drainage:
Fe (total)
TSS
pH (units)

Associated Areas:
Fe (total)
Mn (total)
TSS
pH (units)

Acid Mine Drainage:
Fe (total)
Mn (total)
TSS
pH (units)

Subcategory and
Effluent

Characteristics

NEW SOURCE PERFORMANCE STANDARDS (NSPS)

Preparation Plants:
Fe (total)
Mn (total)
TSS
pH (units)

Underground Mines
Fe (total)
Mnll{total)
TSS
pH (units)

Post Mining Discharges:
Reclamation Areas (Surface)

Settleable Solids
pH (units)

'Except for occasional purges where neoessary for operation.
*'If raw wastewater 1s acidic prior to any treatment.



BEST MANAGEMENT PRACTICES (BMP)

For both surface mlnlng and the surface effects of underground mlnlng,
the Department of Interior's Office of Surface Mining (OSM) under the
Surface Mining Control and Reclamation Act has authority to promulgate
specific regulations governing water management associated with mining
and reclamation operations (44 FR 15143-15178). The resulting
standards effectively establish a BMP program. Therefore, it is not
EPA's intention to establish BMPs for coal mining under the authority
established in the Clean Water Act. Rather, the effluent limitations
and OSM's standards will provide a coherent and complementary
framework for regulation of this industry. If, in the future, it
becomes apparent that BMP's under t~e Clean Water Act are necessary to
supplement aSM's program, EPA will propose them as appropriate.
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SECTION III

INTRODUCTION

The purpose of this document is to provide support for the amendment
of BPT and NSPS' regulations and the promulgation of effluent
limitations guidelines based on BAT and identification of pretreatment
requirements under Sections 301, 304, 306, 307, and 501 of the Clean
water Act.

STATUTORY AUTHORITY

The regulations described in this document are promulgated under the
authority of Sections 301, 304, 306, 307, and 501 of the Clean Water
Act (the Federal Water Pollution Control Act Amendments of 1972, 33
U.S.C. 125l et seq., as amended by the Clean Water Act of 1977, Public
Law 95-217 (the "Act"». These regulations ate also established in
response to the Settlement Agreement in Natural Resources Defense
Council, Inc., ~ Train, 8 ERC 2120 (D. D.C. 1976), modified 12 ERC
1833 (D.D.C. 1979). The Federal Water Pollution Control Act
Amendments of 1972 established a comprehensive program to "restore and
maintain the chemical, physical, and biological integrity of the
Nation's waters" Section 101(a). By 1 July 1977, existing point
source industrial dischargers were ~equired to achieve "effluent
limitations requiring the application of the best practicable control
technology currently available" (BPT), Section 301 (b)(l )(A). Further,
by 1 July 1983, these dischargers were required to achieve "effluent
limitations requiring the application of the best available technology
economically achievable (BAT) which will result in reasonable further
progress toward the national goal of eliminating the discharge of all
pollutants" Section 301(b)(2)(A).

New industrial direct dischargers were required to comply with Section
306 new source performance standards (NSPS), based on best available
demonstrated technology (BADT), and new and existing dischargers to
publicly owned treatment works (POTWs) were subject to pretreatment
standards under Sections 307(b) and (c) of the Act. While the
requirements for direct dischargers were to be incorporated into
National Pollution Discharge Elimination System (NPDES) permits issued
under Section 402 of the Act, pretreatment standards were made
enforceable directly against dischargers to POTWs (indirect
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dischargers). Table 111-1 summarizes these levels of technologies,
sources affected, and deadlines for promulgation and compliance.
Although Section 402(a)(1) of the 1972 Act authorized the setting of
requirements for direct dischargers on a case-by-case basis, Congress
intended that, for the most part, control requirements would be based
on regulations promulgated by the Administrator of EPA. Section
304(b) of the Act required the Administrator to promulgate regulations
providing guidelines for effluent limitations setting forth the degree
of effluent reduction attainable through the application of BPT and
BAT. Moreover, Sections 304(c) and 306 of the Act required
promUlgation of regulations for NSPS, and Sections 304(f), 307(b), and
307{c) required promulgation of regulations for pretreatment
standards. In addition to these regulatioris for designated industry
categories, Section 307(a) of the Act required the Administrator to
promulgate effluent standards applicable to all dischargers of toxic
pollutants. Finally, Section 501 (a) of the Act authorized the
Administrator to prescribe any additional regulations "necessary to
carry out his functions" under the Act.

Under the deadlines contained in Table 111-1, EPA (the Agency) was
required to promulgate many of these standards by mid-year in 1973.
The Agency was unable to meet this requirement, and in 1976, EPA was
again sued because many of the regulations required by the Federal
Water Pollution Control Act Amendments of 1972 had not been
promulgated. In settlement of this lawsuit, EPA and the plaintiffs
executed a "Settlement Agreement" which was approved by the Court.
This Agreement required EPA to develop a program and adhere to a
schedule for promulgating for 21 major industries BAT effluent
limitations guidelines, pretreatment standards, and new source
performance standards for 65 "priority" pollutants and classes of
pollutants. See Natural Resources Defense Council, Inc. ~ Train, 8
ERC 2120 (D.D.C. 1976), modified, 12 ERC 1833 (D. D.C. 1979.)

On 27 December 1977, the President signed into law the Clean Water Act
of 1977 (P.L. 95-217). Although this law makes several important
changes in the federal water pollution control program, its most
significant feature is its incorporation into the Act of several of
the basic elements of the Settlement Agreement program for toxic
pollution control. Sections 301(b)(2)(A) and 301 (b)(2)(C) of the Act
now require the achievement by 1 July 1984 of effluent limitations
requiring application of BAT for toxic pollutants, including the 65
toxic pollutants and classes of pollutants which Congress declared
toxic under Section 307(a) of the Act. Likewise, EPA's programs for
new source performance standards and pretreatment standards are now
aimed principally at toxic pollutant controls. Moreover, to
strengthen the taxies control program, Congress added Section 304(e)
to the Act, authorizing the Administrator to prescribe t1best
management practices'1 (BMPs) to prevent the release of toxic and
hazardous pollutants from plant site runoff, spillage or leaks, sludge
or waste disposal, and drainage from raw material storage associated
with, or ancillary to, the manUfacturing or treatment process.
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Table 111-1

THE FEDERAL WATER POLLUTION CONTROL ACT AMENDMENTS OF 1972

Deadline for EPA Deadline for Operator
Level of technology Section of Act Sources Affected for Promulgation Compliance

BPT 301, 304 Existing sourcea yr. after passage July 1 • 1977

BAT 301, 304 Existing sources yr. after passage July 1 • 1983

RAOT 306 New sources 1 1/3 yr. after effective upon promul-
passage gation

PSES 307 Existing sources 270 days after no later than 3 years
discharging to passage after promulgation
POTW

t--' PSNS 307 New sources dia- l 1/3 yrs. after effective upon promul-
\D

charging to POTW passage gation



In keeping with its emphasis on toxic pollutants, the Clean Water Act
of 1977 also revised the control program for non-toxic pollutants.
Instead of BAT for "conventional" pollutants identified under Section
304(a)(4) (including biochemical oxygen demand, suspended solids,
fecal coliform, pH, and oil and grease), the new Section 301(b}(2)(e)
requires achievement by 1 July 1984, of ~effluent limitations
requiring the application of the best conventional pollutant control
technology" (BCT). The factors considered in assessing BCT for an
industry include the costs of attaining a reduction in effluents and
the effluent reduction benefits derived compared to the costs and
effluent reduction benefits from the discharge of publicly owned
treatment works Section 304(b)(4)(B). For non-toxic, nonconventional
pollutants, Sections 301 (b)(2)(A) and (b)(2)(F) require achievement of
BAT effluent limitations within three years after their establishment
or 1 July 1984, whichever is later, but not later than 1 July 1987.

PRIOR EPA REGULATIONS

On 17 October 1975, EPA proposed regulations adding Part 434 to Title
40 of the Code of Federal Regulations (40 FR 48830). These
regulations, with subsequent amendments, established effluent
limitations guidelines based on the use of the best practicable
control technology currently available (BPT) for existing sources in
the coal mining point source category. These were followed, on 26
April 1977, by final BPT effluent limitations guidelines for this
category (42 FR 21380). On 19 September 1977, the Agency published
proposed new source performance standards (NSPS) within this
industrial category based on application of the best available
demonstrated control technology (42 FR 46932). On 12 January 1979,
EPA promUlgated final NSPS for this industry (44 FR 2586). Both the
BPT and NSPS regulations contained an exemption from otherwise
applicable requirements during and after catastrophic precipitation
events. These storm exemptions were re-examined, subjected to further
public comment, and ultimately revised on 28 December 1979 (44 FR
76788). Moreover, the NSPS regulations contained a definition of "new
source coal mine" which was challenged by petitioners in pennS}lvania
Citizens Coalition et al. v. EPA. 14 ERC 1545 (3rd Cir. 1980. In
response to the Co~t~decision in that case~ the Agency amended its
definition of a "new source coal mine" on 27 June 1980 (45 FR 43413).
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RELATIONSHIP TO OTHER REGULATIONS

The coal mlnlng industry has been subject to a variety of federal and
state regulations during its history. The Surface Mining Control and
Reclamation Act of 1977 (SMCRA-P.L. 95-87, 30 U.S.C. 1251-1279)
established statutory authority for regulatory development with an
Office of Surface Mining, Reclamation, and Enforcement (OSM) within
the Department of the Interior (001). For both surface mining and the
~urface effects of underground mining, OSM has promulgated specific
regulations governing water management associated with mining and
reclamation operations (44 FR 15143). A number of these standards
have been recently remanded as a result of litigation; OSM is now in
the process of a new rulemaking. EPA and OSM have and will continue
40 work closely in establishing a comprehensive, efficient program for
regulation of surface coal mining operations.

OVERVIEW OF THE INDUSTRY

The Standard Industrial Classification (SIC) Categories reviewed and
discussed in this document include the following:

l. SIC 111 1 Anthracite Mining,

2. SIC 1112 Anthracite Mining Services,

3. SIC 121 1 Bituminous Coal and Lignite Mining, and

4. SIC 1213 Bituminous Coal and Lignite Mining Services.

The coal mlnlng industry extracts and processes coal, a black,
primarily organic substance formed from compressed layers of decaying
organic matter millions of years ago. Depending upon the fixed carbon
content, the volatile matter fraction, and the heating value, coals
are classified by ranks generally as lignite, subbituminous,
bituminous, and anthracite. The primary end uses of the material are
for combustion in steam boilers or metallurgical coke ovens with a
large potential market for coal conversion facilities in the synthetic
fuels industry. The industry can be broadly classified into
extraction (mining) and processing (preparation). The industry
currently operates in 26 states; mines are located in Appalachia, the
Midwest, the Great plains, and the Mountain and Pacific regions. In
\980, 6,300 coal mining operations were active; 70% of these mines are
located in the eastern part of the country, as opposed to 30% in'the
western United States. The western mines are characteristically newer
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and much larger than most eastern mines. In addition, there are
currently about 540 coal preparation plants using wet coal cleaning
methods in the country. Total coal production in the U.S. in 1980 was
830,000,000 short tons (1). Because of the many political,
environmental, and economic factors that impact the U.S. energy supply
picture, projections for inc~eases in domestic coal production are
widely variable. Most estimates target production in 1985 at around
one billion short ~ per year. By 1990, this projected tonnage will
increase to approximately 1.2 billion short tons per year (2, 3).
Fifty years ago underground mines accounted for almost 96 percent of
all coal production in the U.S. each year. Surface mining has slowly
increased such that in 1982, 60% of coal production is from surface
mines (4). This rapid growth of surface mining was made possible by
improved machinery and mining methods, the general geology of the coal
fields, and the rapid expansion of the western surface mined coal
fields.

SUMMARY OF METHODOLOGY

Analysis of the sources, levels, and applicable treatment processes
for toxic, non-conventional, and conventional pollutants in coal
mining wastewaters forms the basis for this study. To establish
effluent limitations guidelines, a data collection program was
initiated in 1976 to profile the coal mining industry. This data
collection program will augment the data base previously developed for
BPT requirements.

The first step in the BAT review involved characterization of toxic
compounds in coal mine wastewaters in accordance with the Settlement
Agreement executed by NRDC and EPA in June of 1976. No general survey
questionnaire under authority of Section 308 of the Clean Water Act
was attempted at the outset of this study because over 6,000 mines are
in active operation today. Therefore, representative mines to
characterize the entire industry were selected for sampling. The
sampling program was initiated in two phases-screening sampling and
verification sampling. The screening program established the general
characteristics of mine and preparation plant drainage.

After the screening sampling effort was well underway, verification
sampling was initiated. This program entailed more extensive
composite sampling with special regard for those priority pollutants
identified from the screen sampling program. Levels of detected
pollutants were quantified. The effluent characteristics were used to
evaluate and, if necessary, modify the BPT subcategorization scheme.
In addition, pollutants to be regulated for BAT and NSPS were
identified. The results of the screening and verification program
were examined to determine pollution control needs.
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Several candidate treatment technologies were then identified to
control pollutant discharges. The techniques identified for removal
of organics include neutralization, aeration, ozonation, carbon
adsorption, and sand filtration. A pilot treatment unit was assembled
at the EPA Crown Mine Drainage Control site to test ~he above technol
ogies on coal mine drainage. The primary focus of this treatability
study was to quantify the removals of organic pollutants by the
various control technologies. A number of environmental control
processes that reduce toxic and other metallic pollutants in mine
drainage were also evaluated. A treatability study was performed by
EPA's Office of Research and Development for metals removal achieved
by lime neutralization, ion exchange, and reverse osmosis (5).
Additionally, the Agency commissioned three treatability studies in
1979-80 to quantify removals of priority metals from acid mine
drainage by the use of flocculant addition and granular media
filtration.

Another important facet of this study is the development of costs
associated with purchase, installation, and operation of treatment
equipment. Cost curves were developed from model plants. These costs
were verified by site visits to 17 facilities. At the facilities,
site-specific cost data wer~ collected. Actual costs were compared to
model plant costs. Additional data were collected to gain a more
accurate profile of coal preparation plants, particularly in reference
to water management practices and total recycle systems. To implement
this effort, EPA, with the cooperation of the National Coal
Association (NCA), disseminated a questionnaire to NCA member
companies. Information gathered from the 152 respondents indicates
that approximately 34 percent of the U.S. preparation plants are
currently operating a total recycle system with diversion of storm
water. Additionally, a classification scheme for different size
plants with varying requirements for achievement of zero discharge was
developed for costing purposes. Costs for retrofitting the industry
for total water recycle were developed.

In addition, a study was performed to determine sedimentation pond
performance at various coal mining operations around the country
during precipitation events and for reclamation areas. Another stUdy
followed to determine the precision and accuracy in measuring one of
the regulated parameters (settleable solids) during storms and
reclamation.

Report Organization

The Industry Profile, Section IV, includes background information on
the history and geology of coal, production and other important
statistics, mining techniques, and water use and management within the
coal industry. This characterization of the industry will provide a
foundation for analysis of water use and wastewater generation and
treatment.

Section V, Wastewater Characterization and Industry Subcategorization,
summarizes data collected on the levels of pollutants from a two phase
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sampling program. Twenty-three mines and facilities were visited
during the screening phase; four sites from screening were revisited
and five additional sites were sampled during the verification phase.
This screening and verification program was conducted primarily to
identify and quantify levels of toxic pollutants in coal mine
wastewaters.

In Section VI, Selection of Pollutant Parameters, all 129 priority
pollutants as well as the currently regulated parameters-- TSS, pH,
iron, and manganese--are discussed in light of their source, level,
and treatability. After selection of the pollutants to be regulated,
a candidate list of treatment technologies to reduce or eliminate
these parameters was prepared. The achievable effluent pollutant
reductions are quantified, using results from EPA treatability studies
as well as pilot studies conducted by other governmental agencies and
industry.

These control options and a review of water management practices are
presented in Section VII, Treatment and Control Technology. The
processes that are technically suitable are then further analyzed
according to their cost effectiveness, energy requirements, and
secondary pollution potential. The section also describes treated
effluent data from 24 sedimentation ponds visited in the final segment
of the BAT review in order to determine effluent pond characteristics
during precipitation events and for reclamation areas. This section
also discusses the results of a data collection effort conducted in
order to determine the precision and accuracy of measuring settleable
solids below 1.0 mIll. Finally, this section includes a summary of
the results obtained during an investigation of effluent
characteristics from areas under reclamation to determine treatability
of and the need for "post-bond" release regulations.

These factors are pr~sented in Section VIII: Cost, Energy, and Non
Water Quality Issues. Cost information contained in this report was
obtained from industry during plant visits, engineering firms,
equipment suppliers, and from the literature. The information
obtained was used to develop capital and operating costs for each
treatment and control method. Where data were lacking, costs were
developed from knowledge of equipment required, processes employed,
and construction and maintenance requirements. An economic analysis
to determine the impact on the industry of installing the technically
feasible treatment option(s) was conducted using the costs developed
herein. This assessment is reported separately by EPA.

Section IX details the amendments made to the BPT regulation.

The BAT options are presented in Section X. All data obtained were
evaluated to determine what levels of treatment constituted reasonable
alternatives for consideration as the "best available technology
economically achievable" (BAT). Several factors were considered in
identifying technologies. These included the age of equipment and
facilities involved, the process employed, engineering aspects of the
application of various types of control techniques or process changes,
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Appendix C, "Investigation of Post-Mining Discharges after SMCRA Bond
Release lr

, describes a study EPA conducted on effluent discharges after
active mining ceases.

Appendix B, "Coal Mine Drainage - Precision and Accuracy Determination
for Settleable Solids at Less Than 1.0 ml/l", describes a study EPA
conducted which resulted in establishing a new settleable solids
method detection limit for the coal mining industry.

Self Monitoring Program", describes
sedimentation ponds to determine the

pH limitations for mines during

Appendix A, "Coal Mining Industry
a study conducted by EPA on 24
appropriate settleable solids and
precipitation events.

the cost of achieving effluent reduction, non-water quality
environmental impacts, and energy requirements. Efforts were also
made to determine the feasibility of transfer of technology from
subcategory to subcategory, other categories, and other industries
where similar effluent problems might occur. Consideration of the
technologies was not limited to those presently employed in the
industry, but included those processes in pilot plant or laboratory
research stages. This section includes a discussion of the best
management practices (BMP) program. New source performance standards
(NSPS), which are discussed in Section XI, are selected based on the
best available demonstrated technology (BADT). The best demonstrated
process changes, in-plant controls, and end-of-pipe treatment technol
ogies which reduce pollution to a minimum are considered. Section XII
summarizes the rationale for not establishing pretreatment regulations
for this industry.





ORIGIN AND CHEMISTRY OF COAL
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SECTION IV

accumulation and physical and chemical
More precisely, conditions necessary for
subsequent formation of coal are as

Swamp or marsh environment and climate favorable to plant

INDUSTRY PROFILE

INTRODUCTION

1 •
growth.

3. Sufficiently wet conditions to permit exclusion of air from
much of the vegetal material before it decays, and sufficiently rapid
accumulation to thwart bacterial action, even within the swamp water.
The acidity of this water normally prevents bacterial action at a few
inches or a few feet below the water level in the swamp.

The purpose of this section is to profile the U.S. coal mlnlng
industry and its water usage according to a number of descriptive
parameters. The origin and chemistry of coal are described prior to a
discussion of water use within the mining and preparation segments of
the industry. The history, future, and location and production
aspects of coal mining are then presented. The section concludes with
a discussion of industry processes and methods.

2. Some subsidence of the area during accumulation of vegetal
debris, or compaction of deposited plant material, permitting further
accumulation.

Origin

Coal had its orlgln in the
alteration of vegetation.
the accumulation of peat and
follows:
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4. The heat to which the decaying vegetation was subjected.

2. The pressure to which the decaying vegetation was subjected;

The type of vegetation from which the coal was 'originally

The environmental conditions under which the coal was formed are the
primary determinants of the coal's chemical and physical properties.
For instance, coals in the Illinois seams were inundated by marine
water soon after formation, imparting a high concentration of sulfur.
Low-sulfur coals are often found in areas where fresh water conditions
prevailed. As codified by the International Committee for Coal
Petrography, the ultimate microscopic constituents of coal are a
series of macerals, which are characterized by their appearance,
chemical composition, and optical properties, and which can, in most

3. The foreign matter, whether wind or waterborne, that was
deposited on the decaying vegetation while it was being converted into
coal, or the foreign matter that infiltrated while in solution after
the coal was formed; and

Chemistry

The chemical constituents in coal determine its characteristics.
These characteristics depend on:

1.
formed;

4. Proximity to the sea or a sinking area so th~t vegetable
material can be buried by sediments when the sea level rises or the
land subsides.

5. Site of accumulation such that removal by erosion does not
subsequently occur.

As peat accumulated, the weight of the top layers of peat compacted
the lower layers, primarily by squeezing out large amounts of water.
Various chemical effects and bacterial action on the vegetal debris
also took place in the swamp environment. Burial by sediments,
physical-chemical effects associated with the changed environment, and
loss of water and volatile materials resulted in formation of lignite,
the earliest stage in the formation of coal. With increasingly deeper
burial, pressure continues to compress the lignite, and the increase
in heat associated with the increasing depth of burial will further
devolatize the coal- forming materials. The rank (Table IV-l) of the
coal became progressively higher, rising from lignite through
subbituminous, bituminous, semianthracite, and anthracite to meta
anthracite. Estimates indicate that about three to seven feet of
reasonably compacted plant material is required to form one foot of
bituminous coal (1).



Table IV-l

CLASSIFICATION OF COALS BY RANK

'bed Carbon
Limita. I

(Dry Hlneral
Hatter-Free

Bash)

VolaUle Hat-
ter Limits.

I (Dry. Hin
eral-Matter
Free Bads)

Calorific Value
Lildtll. Btu ~r

Lb (Hohture. 2
Hineral""Hatter-

Free Basls)

Equal Equal Equal
or or or

Greater Lesll Greater Le.. Creater Le•• Agglomerating
C.... Group Than Than Than Than Than Than Character

i. Meta-anthracite 98 2 ..}I. Anthncltlc 2. AnthracIte 92 98 2 8 .. Nonagglomerating
3. SeJlllanthracite3 86 92 8 14 ..
I. Low-volatile bituDinoue 78 86 14 22

coal
2. Hediu.-yolatile bitumi- 69 78 22 31

I\) nws coal
1..0 II. Bitwl1nou8 3. High-vo18tUe It bttu- 69 31 14.0004

minous coal CQIaonl, ag-
4. 8igh-volat lIe B bitu- 13.0004 14.000 gilMleraUng5

.lnous coal
5. Higb-volatUe C bitu- { 11,500 13.000

minoue coal
10.500 11.500 "nlOlM!raUng

1. Subbituminous It coal 10,500 11.500
III. SubbitUlilnoua 2. Subbitu.lnouB I coal 9.500 10.500

3. Subbituminoua C coal .. 8.300 9.500

6.300
Nonagglalerating

I. Lignite A 8.300
IV. Lignlttc 2. Lignite I 6.300

(1) This classtfication does not include a few coals. principally nonbaoded varieties. which have unusual phy.ical and chemical properties and
which COMe within the li.it. of fixed carbon or calorific value of the high-volatile bituminous and 8ubbituminou8 rank.. All of these coals
either contain Ie•• than 48 percent dry. mineral-aatter-free fixed carbon or have more than 15,500 moisture...ineral-.atter-free Btu per lb.

(2) Hoisture refers to coal containing ita natural inherent moisture but not iocluding vieible water on the surface of the coal.

() If agglomerating. classify In low-volatile group of the bituminous coal.

(4) Coala having 69 percent or more fixed carbon on the dry••ineral-.atter-free basis ahall be classified according to fixed carbon, regardleaa
of calorific value.

(5) It is recognized that there ..y be nonaggloaeratlng vaeietie. in these groups of the bitu.inous cla8a. and there are notable exception. in
hlgh-volatile C bItuminous group.
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cases, be traced to specific components of the plant debris from which
the coal formed. Macerals are further grouped by appearance into
three major maceral groups. Coal macerals and maceral groups
recognized by the International Committee for Coal Petrography are
presented in Table IV-2.

Coal, in general, has a 1amellated (thin-layered) structure comprised
of both organic and mineral matter. Inherent minerals (minerals
confined within the coal structure) are primarily iron, phosphorous,
sulfur, calcium, potassium, and magnesium; these comprise less than
two percent (by weight) of the coal (3). A great many trace elements
are also found in coal; these are shown in Table IV-3. Though coal is
primarily organic, specific information regarding organic constituents
is not readily available, excepting ultimate analyses.

Extraneous coal mineral matter (ash) is matter that was deposited
simultaneously with the peat, or through cracks follOWing peat
consolidation. Ash content generally ranges from 3 to 20 percent (by
weight) and averages 10 percent. Major constituents are shown in
Table IV-4. The chemical composition of coal ash varies greatly. It
is a mixture of silica (5iOz) and alumina (Al z0 3 ), which comes from
sand, clay, slate and shale; iron oxide (Fe Z0 3 ), from pyrite and
marcasite; magnesia (MgO) and lime (CaO), from gypsum and limestone;
the alkalies, sodium oxide and potassium oxide (NazO and
KzO);phosphorus pentoxide (PzOs); plus trace amounts of antimony,
arsenic, barium, beryllium, boron, cadmium, cobalt, copper, germanium,
gold, lead, manganese, mercury, platinum, scandium, selenium, silver,
tin, titanium, uranium, vanadium, yttrium, and zinc.

Inorganic sulfur, usually in the form of pyrite, is the constituent in
coal that often results in the formation of acid waters. Such
effluent develop where the inorganic (pyritic) sulfur in exposed coal
is oxidized to 50z and a variety of iron sulfates. These constituents
then partially combine with the hydrogen in water to produce sulfuric
acid (H zS0 4 ), which leaches additional metals. It is important to
note that organically bound sulfur, generally believed to be in
complex combination with the organic constituents of coal, does not
participate in these oxidation processes, and that coals containing
little pyrite consequently pose no environmental hazards from acid
mine waters or runoffs even if their total sulfur contents are
substantial.

Sulfur infiltrated coal in a number of ways. Sulfur was usually
present in the swamp, and some of it was taken up by the plants.
Under certain conditions, sulfur in the peat swamp was converted to
the mineral pyrite. Sulfur also appears to have been introduced into
the coal seam after the peat had been converted to coal. This is
evident by the appearance of pyrite coatings on vertical fracture
surfaces in the seam. Much of the pyrite present occurs as very small
crystalline grains intimately mixed with the organic constituents of
coal. The origin of sulfur in large concretions, nodules, lenses and
bands, and filling in porous layers of coal, is only partially
understood, but the relationship between the high-sulfur content of
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Table IV-2

COAL MACERALS AND MACERAL GROUPS RECOGNIZED BY THE INTERNATIONAL

COMMI'ITEE FOR COAL PETROGRAPHY

w......

\
\
\

\

Maceral Group

Vitrinite

Exinite

In.ertinite

Symbol

V

E

I

Maceral

Collinite
Tellinite
Vitrodetrinitea

Sporinite
Cutinite
Resinite
Alginite
Liptodetrinitea

Micrinite
Macriniteb
Semifusinite
Fusinite
Sclerotinite
Inertodetrinitea

Composed of or Derived From

Hwnic gels
Wood, bark, and cortical tissue

Fungal and other spores
Leaf cuticles
Resin bodies and waxes
Algal remains

Unspecified detrital matter, (10 m
Similar, but 10-100 m grains

"Carbonized" woody tissues

aThese terms are applied to small entities that, because of their reflectivity,
must be assigned to this maceral group, but that cannot be unequivocally identified
with any particular maceral within the group. Thus, vitrodetrinite is used to
designate a maceral when it is not possible to distinguish between collinite and
tellinite, and liptodetrinite is used where, e.g., it is impossible to differentiate
between sporinite and cutinite on morphological grounds.

bThis is sometimes also referred to as massive micrinite.

Source: (2)



Beryllium
Fluorine
Arsenic
Selenium
Cadmium
Mercury
Lead
Boron
Vanadium

Source: (2)

Table IV-3

TRACE INORGANIC ELEMENTS IN COAL

Trace Inorganic Elements
(about 0.1% or less, on ash)

Chromium
Cobalt
Nickel
Copper
Z.inc
Gallium
Germanium
Tin
Yttrium
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Lanthanum
Uranium
Lithium
Scandium
Manganese
Strontium
Zirconium
Barium
Ytterbium
Bismuth



Table IV-4

MAJOR INORGANIC CONSTITUENTS OF COAL, ASH PORTION

~or Inorganic Constituent

Silicon
Aluminum
Iron

Calcium
Magnesium
Sodium and potassium
Manganese
Sulfur (inorganic)

Phosphorus

Source: (2)

Forms in Coal

Silicates and sand
Aluminum in combiuation with silica
Pyrite and marcasite (sulfide)
Ferrous oxide
Ferrous carbonate
Ferrous sulfate
Ferric oxide
Ferric sulfate
"Organic" iron
Iron silicates
Lime, carbonate, sulfate, silicates
Carbonates, silicates
Silicates, carbonates, chlorides
Carbonates, silicates
Pyrite and marcasite
Ferrous sulfate
Ferric sulfate
Calcium sulfate
Phosphates

In small
quantities

In small
quantities

In small
quantities



/coals and the sediments immediately overlying the coals that were
clearly deposited in a marine environment strongly suggests that
seawater was the source of much of the sulfur found in coal.

INDUSTRY WATER USE

Coal Mining

Water usage in the coal mining industry is different than in other
major industries for a number of reasons. First, water is a hindrance
to operation of strip and underground mining machinery. Second, water
is used in the mining of coal primarily for dust suppression (i.e.,
haulroads, continuous miners, conveyor belts, coal stockpiles in some
cases, etc.) and equipment cooling. Third, coal mines often occupy
hundreds of acres of land subject to a high amount of precipitation.
Therefore, pollution abatement must be approached differently, with
reliance on operating and management practices for source control as
well as end-of-pipe treatment technologies. Water is also used to a
very limited extent for irrigation of reclaimed lands. In some areas
with extremely low precipitation, irrigation research is being
conducted on an experimental basis by the U.S. Forest Service, using
the sprinkler and drip methods. It appears doubtful, however, that
irrigation on an extensive scale, and as·a viable reclamation measure,
is going to be practicable (4).

Water entering mine areas because of precipitation, ground water
infiltration, and surface runoff is a hindrance; removal of water from
the active mining area is required at most mines to ensure the
continuity, efficiency, and safety of the mining operation. Water
infiltration is generally less severe in the semiarid west, unless the
mine is located within a major aquifer.

All flow data available on mine drainage were assembled to determine
whether or not flow of wastewater could be correlated with production.
These data came from three sources: the BPT development document; a
survey by Bituminous Coal Research, Inc.; and the screening phase of
the BAT study. The data show that water volume (or flow) encountered
during the coal mining operation cannot be related to coal production
(see Figure IV-l), nor can it be expressed in the classic waste
management terms of volume per weight of product. There are a number
of variables that preclude such a relationship, including climatology,
location of aquifers, amount of disturbed acreage, characteristics of
individual watersheds, and rate of coal extraction.

Flows from acid and alkaline mines, and surface and underground mines,
were examined for significant statistical differences. The data
indicate no statistical difference in the amount of water pumped by
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various mines based on the factors listed above. Therefore, all mines
were classed together and plotted against production to identify any
correlation (see Figure IV-l). A regression analysis performed on
this data shows no correlation.

The correlation coefficient (r 2 ) for 140 coal mines is 0.18 with a
slope for the least square line of 0.04. A distribution curve for the
volume of water pumped by bituminous and lignite mines is presented in
Figure IV-2. Eighty percent of the flow volumes fall between 7,000
gallons per day (GPD) and 4.5 million gallons per day." The median
flow (50 percent) is 250,000 GPD. The mean flow, 995,000 GPD, is at
the 75th percentile.

Coal Preparation

Water use in coal preparation differs from that in coal mining. Here,
water is intentionally introduced into the coal preparation process.
Unit operations such as wet screening, tables, jigs, cyclones, gravity
separation, heavy media separation, and froth flotation require water.
Water is also used for dust control, for equipment cooling, and as a
medium to transport coal between unit operations. The coal industry
has witnessed a gradual decline in the use of dry methods of coal
preparation in favor of wet techniques (6). Present cleaning
technologies were introduced with the adoption of mechanized mining,
which do not differentiate between coal and impurities, and results in
an increase of fines in run-of- mine coal. The need to wet clean coal
has been further stimulated by more explicit quality specifications by
utility customers and other consumers of coal. As the need for wet
cleaning of coal increased, water use in preparation plants also
increased (6).

A major portion of the water used in coal preparation is recirculated
because of economic considerations: that is, the need to obtain
suitable feed water and the need to comply with state and federal
requirements for effluent discharges (6). Currently, however, there
sometimes are emergency spillways which allow discharges during
rainstorms or equipment breakdowns, etc. Many preparation plants are
designed to operate on a closed water system as a matter of economics
and to help meet water quality requirements. However, a need
sometimes arises for a blowdown or purge in a total recycle system to
reduce dissolved solids.

Water usages from new preparation plant designs are presented in Table
IV-5 and Er~ compared with water usages from preparation plants
(ranging from: to 41 yearS in age) visited in this study. In new
closed- circuit plant designs (indicated by *), the data indicate that
the amount of water used in the beneficiation process increases with
the level of cleaning, or the amount of fine coal cleaning. However,
the data do not establish any relationship between amount of coal
cleaned and volume of water discharged, nor does it establish any
industry-wide relationship between amount of water used and level of
cleaning for older plants.
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Source: (7)

* New closed-circuit design

Amount of Water
Circulated

per ton of Coal
Plant Cleaned, gal/ton Type of Coal Cleaned

Bechtel* 112 Low Sulfur Eastern
NC-10 1 , 190 High Sulfur Eastern
NC-22 360 High Sulfur Eastern

Bechtel* 327 Low Sulfur Western
NC-20 1,800 Medium Sulfur Eastern

Bechtel* 500 High Sulfur Eastern
NC ...3 483 Low Sulfur Western
NC.. 14 3,050 High Sulfur Eastern
NC.. 16 480 Low Sulfur Eastern
NC ... 11 2,000 Low Sulfur Eastern
NC-15 850 Low Sulfur Eastern
NC.. 18 480 Medium Sulfur Eastern

2

3

Table IV-S

WATER USE IN PREPARATION PLANTS BY LEVEL OF CLEANING
AND TYPE OF COAL CLEANED

4

Level of
Cleaning

'r* Level 2 - Course Size Coal Beneficiation
Level 3 - Course and Medium Size Coal Beneficiation
Level 4 - Course, Medium and Fine Size C03l Beneficiation
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Figure IV- 2
FLOW DISTRIBUTION OF COAL MINES
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HISTORY

Coal was first commercially mined in America in 1750, from the James
River coal field near Richmond, Virginia. However, coal was not
widely utilized until well into the 19th century because abundant
forests supplied nearly all of the needed fuel. Total anthracite and
bituminous coal consumption was only 98,000 metric tons (108,000 short
tons) in 1800. Thereafter, consumption gradually increased until it
superseded wood for the first time in 1840, after which coal mining
became increasingly more important due to the development of
railroads, steel mills, and other large consumers of fuel.

After the Civil War, industrial development grew very rapidly, causing
coal consumption to reach 181 million metric tons (200 million short
tons) annually by 1900 and 454 million metric tons (500 million short
tons) by 1910. Bituminous and lignite production temporarily peaked
at 572 million metric tons (630 million short tons) in 1947, falling
off to 356 million metric tons (392 million short tons) in 1954, and
finally surpassing the 1947 high when 588 million metric tons (648
million short tons) were produced in 1975. In 1979, a new record for
coal production was achieved of 770,000,000 short tons and increased
to 830,000,000 short tons in 1980. Figure IV-3 shows U.S. consumption
of coal by end-use sector.

In the early 1800's, anthracite production was greater and more
important than bituminous coal, but, by 1870, anthracite and
bituminous production were equal, and by 1901, bituminous production
was four times greater. Total anthracite production continued to
increase, however, until it peaked at 90.3 million metric tons (99.6
million short tons) annually during the World War I period (1917).
Thereafter, its steady decline has lowered its production to 4.6
million metric tons (5.0 million short tons) for 1978. Anthracite's
early popularity can be attributed to its high quality, use by the
railroads, and proximity to major population centers where its clean
burning characteristics made it a favorite for space heating. The
steady decline of the use of anthracite was caused by the high
production of more convenient and cheaper natural gas, oil, and
bituminous stoker coal. Table IV-6 and Figure IV-4 portray the
history of anthracite coal production in the United States.

Surface Mining

Coal was first extracted by surface methods; however, the development
of surface mining techniques was insignificant until around 1910 when
steam-powered shovels were developed. Initially, truck-mounted
shovels were used, but they only had a swing of 180 degrees. Later, a
wood frame, 360 degree shoven was built, and from then on the
development of surface mining was rapid. By the 1930's, rail-mounted
shovels were being replaced by those mounted on crawler tracks (i.e.,
dozer-type tracks), while steam power was being replaced by electric.
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Table IV-6

HISTORY OF U.S. ANTHRACITE PRODUCTION

Production
!!!!: (kkg - 106)1

1890 42.156

1900 52.043

1910 76.644

1920 81 .282

1930 62.945

1940 46.706

1950 39.986

1960 17.071

1970 8.826

1975 5.628

1976 5.650

1977 4.591

1978 4.569

(1) Multiply by 1.1023 to obtain short (English) tons •.

Sources: Years 1890-1976: (9)

1977-1978: (1£»
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Figure IV"3
U.S. CONSUMPTION OF COAL BY END-USE SECTOR

MILLION TONS
120,)

1000

NOte: Percentage figures represent percent shares of totalconsumption.
Source: (8)
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During this same period, track haulage of coal with small side-dump
cars were replaced by trucks.

These developments helped spur a steady increase in surface mine
production for almost every year since 1920. In 1978, surface mine
production comprised 63 percent of total U.S. production. This rapid
growth was also made possible by constantly improving machinery and
mining methods and by the general geology of the coal fields. Contour
strip mining was first applied in the Appalachian fields where a
combination of surface topography and coal beds frequently presented
sizable areas along the outcrop (where the coal seam contacts the
surface) with low overburden (dirt and rock material covering the
coal) depth. In Ohio, the Midwest, North Dakota, and the Rocky
Mountain states, large coal mining areas exist in gently rolling or
nearly flat terrain; therefore, area strip mining methods are
preferred to contour stripping.

This condition helped promote high output mines which utilize even
larger and more efficient draglines, Shovels, end loaders, truck
drills, and other auxiliary equipment. One of the most recent
developments has been the use of wheeled front-end loaders for loading
both coal and overburden. Hydraulic shovels are also being utilized
more frequently. Bucket-wheel excavators are in use where conditions
permit. Wheeled tractor scrapers are finding more and more acceptance
for overburden removal. Numerous other new surface mining techniques
and equipment are being studied; for example, continuous excavating
machines that can increase overburden removal rates.

Underground Mining

Coal was initially mined by hand using a pick and bar, then shoveled
into baskets or wheelbarrows. This progressed into cars drawn over
wood planks, cars drawn over iron straps, and eventually cars drawn
over rails by dogs or horses. Black powder was introduced to blast
down the coal while undercutting, sidecutting, and drilling were still
done by hand. Other developments during the 18th and 19th centuries
which aided mining included: invention of the steam engine in 1775 to
pump water out of the mine, making it possible for mines to go deeper;
development of the first stearn locomotive in 1814, leading to surface
rail transportation of coal; and development of the first electric
locomotive in 1883, leading to underground rail transportation of
coal.

Earliest full mechanization began in the 1920's when loading machines
were successfully utilized in a number of mines. Rubber-tired shuttle
cars were introduced in the 1930's, leading to rapid conversion of
track-mounted loaders and cutters to off-track types. After World War
II, tungsten carbide bits were introduced, thereby greatly improving
the performance of cutting machines: continuous mining machines
started making inroads in 1948; and roof bolting (installation of long
bolts to stabilize the mine roof) becdme feasible, a significant
development that resulted in higher productivity and increased safety.
Although longwall mining has been used extensively in Europe since thp
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early 1900's, this technique became increasingly important in the
United States only after the development of hydraulic, self-propelled
roof jacks. The growth and history of certain facets of the U.S.
bituminous coal mining industry can be seen in Table IV-7 and Figures
IV-5 through IV-l1.

Transportation

Transportation costs are often a significant part of the overall cost
of mining coal, especially if long distances are involved. For
example, the rail cost of shipping coal from Gillette, Wyoming to
'Houston, Texas, a distance of 1,700 miles, is $15.60 per short ton,
whereas the f.o.b. mine value is only $6.50 per short ton. (12).
~ocks and dams were built on a number of rivers beginning about 1845,
~eading to a considerable increaSE in the development of river
transportation. Trucking of coal has become more important over the
last 30 years if relatively short distances are involved, even though
the cost per ton-mile is generally higher than for other means of
shipment. It is practical where railroad facilities do not exist or
where rail cannot be economically justified. High-tonnage conveyor
systems are also used to move coal from mine to plant in certain
situations.

Railroads have remained competitive by changing to unit-train
shipments of c~al. The unit train system moves approximately 9,000
metric tons (10,000 short tons) of coal directly from mine to customer
and features high loading and unloading ra~es.

The effort to ship coal more economically from mine to powerplant
resulted in the successful operation of the first coal pipeline for
over six years (after which, in this case, rail transportation became
more economical due to unit-train shipment), moving 1.13 million
metric tons (1.25 million short tons) of Ohio coal annually over a
distance of 100 miles. A more recently constructed coal slurry
pipeline is operating in Arizona and is designed to transport 5.0
million metric tons (5.5 million short tons) annually from mine to a
powerplant over a distance of 273 miles.

The development of very high-voltage electrical transmission lines has
provided another option for moving large quantities of energy to
consumer areas from mine-based generating stations. Figure IV-12
illustrates U.S. coal transportation by method of movement, 1976 and
projected.

LOCATION AND PRODUCTION

Present
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Table IV-7 (Part 1 of 3)

GROWTH OF THE BITUMINOUS AND LIGNITE
COAL MINING INDUSTRY IN THE UNITED STATES

Total Production
Year (kkg + 10 6 )

1800 0.1
1900 181.4
1910 453.6
1920 515.9
1925 471.8
1930 424.1
1935 337.8
1940 418.0
1945 524.0
1950 468.4
1955 421.5
1960 376.9
1965 464.6
1966 484.3
1967 501.3
1968 494.6
1969 508.5
1970 547.0
1971 500.9
1972 540.1
1973 536.1
1974 547.4
1975 588.3
1976 615.7
1977 627.2
1978 593.1
1979 770.0*
1983 804.7
1985 905.0
1990 1,088.6 5
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Table IV-7 (Part 2 of 3)
GROWTH OF THE BITUMINOUS AND LIGNITE

COAL MINING INDUSTRY IN THE UNITED STATES

A.II:", .....11:
....r.r__ of ....Ioy... rr_e:thlty
fTodIIcU... ....ru... Ddly (kla/....OJ

A..... III.... ~
Price PrCHloN:Uoa ProokacU_ CoQt:l_.,.1_ f.o.lI. 111_ "'r ......c:e ...t ..... ....fll'CMal tletlloU HI.... ltecIIIalC1111y

lur U + 10') (tIki:1 )1 of Ill•• (Uta + 10') (I) (kk•• 10') (I) 1IadIt... (I) a-de4 (I) Totd Tolli

nzo 2.110 ".Il •.'U 1.5 1.5 501.2 ' •• 5 619.5"7 1.61
1925 1.060 2.n 7.1.... 15.1 3.2 "56.7 96•• 1.2 581."93 ".10
191O ItS 1." 5••91 11.2 ".3 "05.' 95.7 10.5 4tl,202 ".59
Itl5 658 1.ts 6,lIS 21.6 6." )16.2 93.6 U.S 462,401 4.01
194O .19 2.11 6,314 39.3 9." ]1',1 90.6 35." 4n.075 4.11
1945 1.7" 3.37 1.033 H.6 19.0 424,4 11.0 56.1 383,100 5.24
1950 2,500 5.34 !I.42!1 Ill.' 21.' 356.5 76.1 1.2 69.4 415.512 6.14
1955 2,092 4.96 1,1" 104.5 24.1 311.0 13.' 1.0 84.6 225,093 '.93
1960 1.950 5. J1 1,1165 111.2 29.5 265.1 68.6 21.4 •••3 169,400 11.64

J::" 1965 2.2n 4.19 1,221 150.1 n.] 314.5 64.' n.l 89.2 U3.7J2 15.89
0'\ ."6 2,421 5.00 6,749 161.2 ]3.1 321.1 63.4 45.' '1.7 1l1.752 J6.'0

1961 2,555 5.09 5,.n .69.9 33.' 131." 63.1 41.4~ "'.5 I)I,U3 17.39
1"1 2.§46 5. IS 5,321 168.7 34.1 US., n.1 47,6~ n.l 127.894 11.57
1969 2,796 5.50 5.111 119.0 35.2 329.5 61.9 49.7- 96.6 124,532 11.05
1t10 3,713 6.90 5,601 22&.5 40.5 125.5 56.2 ~.I- 91.2 140.140 11.09
1971 3,905 7.79 5,141 234.9 46.9 266.0 50.0 55.4- 91.2 .45,664 16.35
1972 ",562 1.44 4,119 250.1 46.) 290.0 51.1 58.7- 99.0 14'.265 16.09
1973 ".976 9.28 4.650 249.8 46.6 286.3 51.0 Da 99.2 IU.,OO 15.20
1974 9.502 17.36 5.247 295•• 54.0 251.' "6.0 166.701 15.94
1975 n.472 21.20 6.168 322.4 5.... 2iS.' 45.2 189.880 1).)7
.,76 U.I19 21.42 6.161 348.5 56.6 2i7.2 43." 102,280 U.U
1917 1).709 U.8' '.200 381.0 6••1 240.2 38.3 214.'11 13.31
1918 14,645 24.69 6.075 )7).1 62.' 220.0 17.1 221.000 12.94



Footnotes:

Note: . 1 kkg- 1,000 kilograms s 1 metric ton

Sources: Years 1800, 1900, 1910: (1)

Years 1920 ... 1978: (13)

Years 1979, 1983, 1990: (14) , (estimated by NCA)

Year 1985: u.s. Bureau of Mines

Multiply by 1.1023 to obtain short (English) tons - 106 •

Multiply by 0.9072 to obtain $/short ton.

Multiply by 0.9072 to obtain short tons/man-day.

Mined by longwal1 machines; 1967, 0.91; 1968, 1.31; 1969,
1.8%; 1970, 2.1%; 1971, 2.4%; 1972, 2.6%; 1978, 51 (90
longwalls) •

NCA estimates that the national goal of 1.1 billion metric
tons (1.2 billion short tons) annual coal production by 1985
will not be achieved until 1990.

Estimated
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(1)

(2)

(3)

(4)

(5)

*
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Figure IV- 5
PRODUCTION: SURFACE METHODS VERSUS

UNDERGROUND METHODS
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Figure IV- 6
HISTORY OF BITUMINOUS AND LIGNITE

COAL PRODUCTION
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Figure IV-8

HISTORY OF UNDERGROUND COAL MINED BY
CONTINUOUS MINING MACHINES
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Figure IV-9
HISTORY OF UNDERGROUND COAL - MECHANICALLY LOADED

20

!

1'"
70

I:
~'

a 40..
CI

& 30

&I..

Source: 1979 Keystone Coal Industry Data



100,000 Iooo- :..- Io- L-__---:l.- L...-__.....J

Source: 1979 Keystone Coal Industry Data

19801970196019501940

53

Figure IV-IO
HISTORY OF NUMBER OF EMPLOYEES

19301920

zoo, 000

800.000

700.000

~
1II 609.000IlIl

S
~
IlIo SOO.OOO
Q

a
:lII
jQ

!§
z

i
400.000

300.000



Source: 1979 Keystone Coal Industry Data
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Figure IV-ll
HISTORY OF PRODUCTIVITY RATES
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!The U.S. bituminous coal production in 1980 was a record 823.6 million'
tons (13). The National Coal Association for casts that this year's

! (19B2) output will be BBO million tons.
t
i

The coal industry currently operates in 26 states; mines are located
in Appalachia, the Midwest, and Mountain and Pacific regions. The
geographical distribution of coal mines by state and type of mining is
illustrated in Figure IV-13. Table IV-B lists the 1981 annual coal
production for all 26 states. Mines east of the Mississippi River
accounted for about 66 percent of 1981 production, whereas mines west
of the Mississippi River accounted for 33 percent of production. In
recent years western production has increased and it is estimated that
western coal will account for about 37% of total U.S. production by
1989.

Most underground coal mines in the U.S. are located east of the
Mississippi although there are some in the west, particularly in Utah
and Colorado. Fifty years ago, when most coal mining was done by
manual labor, underground mines accounted for 96% of all coal produced
in the U.S. each year. This has slowly changed over the years such
that today 60% of coal production is from surface mines. Half of the
surface mineable coal is in the west but significant amounts are also
present in Appalachia and midwestern states. Table IV-9 shows the
changes in distribution of both eastern and western coal mines and
underground and surface coal mines that have occurred over the past 10
years.

Bituminous, subbituminous, and lignite deposits comprise over 99
percent of the nation's total coal reserves, as estimated by the U.S.
Geological Survey (17). Deposits are widespread, occuring in several
major coal-producing regions across the United States. Figure IV-14
illustrates the location of major bituminous, subbituminous, and
lignite deposits in the United States.

figure IV-15 illustrates the location of the major anthracite coal
fields which are primarily located in northeastern Pennsylvania.

Future

Coal production from mines currently being developed, from older mines
being expanded, or from those operations in planning stages, could add
about 515 million tons of new capacity to the nation's total by the
end of 1989. (15) That conclusion is drawn from a recenty completed
,industry-wide survey conducted by Keystone Coal Industry Manual.

This survey accounts for 324 expanding or planned mines projecting a
combined output, including present production, of 780 million tpy of
bituminous coal and lignite. This figure does not include production
from mines now operating that will not expand during the 19BO-19B9
period and the 39.7 million tons scheduled for development after 1989.

Of the 324 new mines, 157 were in some stage of operation before 1980
with a production level of 188.24 million tpy to that date. Those
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Table IV-8

1981 U.S. Coal Production, By State

(Thousand Short Tons)

%of
State Underground Surface Total Total U.S.

l. Kentucky 81,000 68,068 149,068 18.3
2. We!;t Virginia 89 t 568 23,228 112,814 13.8
3. Wyoming 1,093 101,622 102,715 12.6
4. Pennsylvania 34,650 46,150 80,800 9.9
5. Illinois 29,236 2~,484 51,720 6.3
6. Virginia 36,450 9,050 45,500 5.6
7. Ohio 9,950 27,408 37,358 4.6
8. Montana 33,380 33,380 4.1
9. Texas 32,892 32,892 4.0

10. Indiana 557 28,807 29,364 3.6
11. Alabama 9,260 :5,627 24,887 3.1
12. Colorado 6,606 12,925 19,531 (,4
13. New Mexico 791 18,125 18,916 2.3
14. North Dakota 17,995 17,995 2.2
15. Utah ·13,809 --- 13,809 1.7
16. Arizona 11,614 11,614 1.4
17. Tennessee 5,250 5,350 10,600 1.3
18. Oklahoma 5,250 5,250 o c.V

19. Washington 4,810 4,810 0.6
20. Missouri 4,715 4,715 0.6
2l. Maryl and 1,903 2,550 4,453 0.5
22. Alaska 800 800 *
23. Kansas 785 785 *
24. Iowa 70 585 655 *
25. Arkansas 280 280 *
26. Georgia 5 5 *

TOTAL U.S. 320,211 494,505 814,716 100.0

*less than 0.1 percent

Source: Ref. (13).
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//~ Table IV-9
/'

/
" Coal Production by Region and Type of Mine,·1971-81

(Thousand Short Tons)

Total Under-
Year Production East West Ground Surface

1971* 552,192 483,880 50,980 275,887 258,973
1972 595,386 515,496 64,338 304,102 275,732
1973 591,738 515,303 76,435 299,353 292,385
1974* 603,406 511,501 91,906 277 ,309 326,097
1975 648,438 537,503 110,934 292,826 355,612
1976 678,685 542,604 136,081 294,880 383,805
1977 691,344 527,406 163,938 265,950 425,394

1978* 665,127 482,141 182,986 242,117 .122,950

1979 776,299 550,552 222,941 320,321 455,978

1980 823,644 572,632 251,012 336,925 486,719
1981*p 814,716 546,569 268,147 320,211 494,505

*Coal strike years
p =preliminary
Source: Ref. (l3).
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Sequential.Listing Indicates:
Total Number of Min.s
Total Number of Underground Mines
Total Number of Surface Mines (Includes Strip, Auger and Strip - Auter Mines)

Source:

....IU ...... • ....
•..

Figure IV-13
GEOGRAPHICAL DISTRIBUTION OF COAL MINES

(19)
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MINING METHODS
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Surface Mining

grade coal mines should have the capacity to produce
tpy by 1989 or later, of which 32.49 million tpy will be

The developing mines already in production before 1980
24.83 million tpy of production capacity, and another
tpy were added last year.

The companies involved with the expansion program were the producers
of about 66% of total U.S. output of 776 million tons in 1979.

Surface mlnlng is employed where the coal is close enough to the
surface to enable the overburden (the soil and rock above the coal) to
be removed economically and later replaced or regraded. Types of

The primary use for the output of these new mines is for steam coal
purposes, with 92% devoted to that goal. Metallurgical grade coal is
expected to comprise only about 8% of the total. The surveyed mines
have the capacity to produce 750.25 million tpy of steam coal in all.
Of that amount 163.41 million tons of capacity were already on line by
1980. An additional 64.14 million tons of capacity were added last
year, indicating stearn capacity to be added by 1989 or later will be
about 522.7 milliom tpy.

Metallurgical
69.48 million
new capacity.
had reached
12.16 million

same mines added 62.16 million more tons during 1980. In addition, 39
mines that opened in 1980 have a combined output of 14.15 million tpy
at this stage of their development.

Again, the majority of new mines reported will be underground
operations, but as before, surface mining will account for the larger
share of production. Of the 324 mines, 148 will be surface
operations. They will produce 607.10 million tpy, or 74% of total
anticipated production capacity of these mines. The other 176
underground mines will have a combined output capacity of 212.63
million tpy. Seven of the operations will produce by both surface and
underground methods, and will produce 11.5 million tpy.

Most of the new capacity will be from operations west of the
Mississippi River where 156 mines will produce 616.03 million tpy, or
about 75% of the total. Wyoming developments lead the field with 35
mines showing a projected total c~pacity of 269.85 million tpy in
1989. Montana also projects a sizable increase of 76.60 million tons
to be produced from 11 mines. Texas, North Dakota and New Mexico
follow with projected output of 66.55, 48.50 and 47.00 million tpy,
respectively.



equipment used to remove overburden at mines in the United States
include draglines, bucket wheel excavators, old generation stripping
shovels, cable shovels and trucks, hydraulic shovels and trucks,
front-end loaders and trucks, scraper-dozer units, and dozers
assisting either front-end loaders, hydraulic shovels, or cable
shovels. There are two general types of surface mines--contour mines
and area mines.

Contour Mining

Contour mining prevails in mountainous and hilly terrain such as
Appalachia. For instance, if a coal seam is visualized as lying level
at an elevation of 1,000 feet above sea level, and the land surface
elevation varies from 600 to 1,400 feet above sea level, a contour
stripping situation exists. Mining commences where the coal and
surface elevations are the same, commonly called the cropline, and
proceeds around the side of the hill on the cropline elevation. The
~arth overlying the coal (overburden) may be removed by shovel,
dragline, scraper, or bulldozer, depending on the depth and type of
bverburden encountered. The overburden is removed and the coal is
loaded into trucks and removed from the pit. A second cut or pit can
then be excavated by placing the overburden from it back into the
first cut or pit. Succeeding cuts, if any, would follow in the same
sequence, with the amount of overburden increasing on each succeeding
cut until the economic limit of the operation, or the maximum depth
limit of the overburden machine (i.e., dragline or stripping shovel),
is reached.

In the preceding description, only a single-level seam operation has
been considered. There are many situations where several seams of
coal may exist and they may pitch at various angles from the
horizontal, as is fairly common in West Virginia and Pennsylvania.
Although the mining of mUltiple or pitching seams is more complicated,
the principle of contour stripping remains the same--finding where the
surface and coal elevations are the same and following this contour
~ntil the economic limit is reached. Several types of contour mining
practices exist. The primary distinction in most of these procedures
is the method of spoil disposal.

Spoil Deposited Over ~ of Hill. This practice has been virtually
eliminated by the Federal Surface Mining Control and Reclamation Act
of 1977 (SMCRA), which prohibits the placing of materials on the
pownslope in steep mining situations (i.e., Appalachian area, on
~lopes 20 degrees or greater). In past practices, this was the
easiest way to get rid of overburden from the first cut in a hillside,

. by casting it over the side onto the downslope. Overburden from the
second cut was then placed into the mined-out first cut and so on
until the economic limit of the operation was reached. The highwall
left at the end of mining often remained essentially unreclaimed,
except the cdal seam was generally covered up; methods sometimes
varied according to state law. SMCRA requires that highwalls be
reclaimed, thereby eliminating this practice. Also, the practice of
spoiling on the downslope has been replaced by techniques whereby
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Because of the ~ignificantly incre~sed ~osts of producing coal by
contour mining (partially 'as·a r~sult of eliminating certain
practices), many such operations have been eliminated' or replaced by
mou~tain-top or finger-ridge mining techniques. Figure IV-16
illustrates the coritotir mining method when spoil is deposited over the
side of the hill. .. '.

\;' I

~his method employs placement of
~pproved .hollow fills. Hollow fill
to s~ate. Figure IV-17 portrays a

cut or pitCs) is placed in hollow 'fills, or is
conveyed, or push~d into a mined-out pit (or any

techniques) .

,\ ,. '~ .~ .~~

Haulback Mining. Truck haulback hai b~come a successful technique for
surface mlnlng coal throughout the Appalachian regions. The haulback
method, as the name' implies, involves h~ulage'~f spoil laterally back
along the bench, where it is placed on,~the pit floor. However, spoil
from initial pits is either stockpiled o~ placed in hollow fills.
This meJ;hod, offers many advanta,ges"environmentally and helps coal
operators to comply with fwo significant provisions of SMCRA: (1) the
requirement that surface-mined land be returned to the approximate
original contour, and (2) the requirement that no spoil be pushed over
the mining b~~ch onto the slope$ below. There are some reclamation
advantages as well. Haulback permits the surface-mined area to be
back-filled and $ee~ed on'a conti~~ous cycle, sharing the same
production schedule as the coal or stripping functions. This permits
revegetating the slopes while the S9i1 ,is still pliable and auxiliary
equipment is still around. Furthermore, the haulback method also
cuts down by approximately, two-thirds the amount of disturbed lands at
any given time. However, the ,logistics of timing the blasting,
stripping, mining, and haul,ing sequepces in the truck haulback method
can become complicated. This mining technique is now widely used in
eastern Kentucky, $outhern West ~ir9inia, and northern Tennessee.
Figure IV-18 illustrates the haulback mining technique.

Auger Mining. When the economic limit is reached in normal surface
mining operations, the coal seam remains exposed at the bottom of the
final highwall. This coal can be partially recovered by one of three
methods: conventional underground mining, punch mining (a series of
entries, into a seam by a c'ontinuou~ l1]iner), or auger mi ning (spi ral
boring for additional recovery of a coal seam exposed in a highwall).
Auger mining is l.l$ually applied to contour operati'ons but can also be
utilized in area type mining. Some min~sJespecially in Kentucky, use
the auger method only.:' The coal seams' are augered from specially
prepared narrow bencnes,som~only abo~t: 20 feet wide, and from a low
highwall that is. ~cargely more than'th~,thickness of the coal seam.
Records show tha.t coal· recovery byaugering is qu i te low, usually less
than 35 percent,and penetrat~on g~nerally is only about 150 feet.
Unless properly planned, such ~ining' c~n shut off large blocks of
future deep' coal' by making' t)1e r,.es,e['ve very expensive to reach. As. , '"

Spoil Deposited in Hollow Fills.
spoil from in~tial'cuts into
design criteria v_ties from state
West Vir9inia,hoJl~w fill.

, ' ,'.,' , ' .

.. .'/"

/
Ispoil from the f~rst
. stockpiled, hauled,

combination of these



Figure IV-16

CONTOUR MINING (STRIPPING)
(Spoil Deposited Over Side of Hill)

Reprinted, with permission, from "Coal in America," by Richard A.
Schmidt. ~opyright 1979, MCGraw-Hill, Inc.

Source: u.s. Bureau of Hines.



West Virginia present head-of
hollow criteria (far left* re
quires that all water enter a
surge pond and rock core to drain
down through center of fill
(left). Example of this type
of construction ;s the fill
(above) built at Buffalo Mining
Co.'s Gopher .ine.
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Figure IV- 17

WEST VIRGINIA HOLLOW FILL

.. ~,,'
, • \"'~. f '.

Reprinted, with permission, from "Coal Age Operating Handbook of
Coal Surface Mining and 'Reclamation," Volume 2. Copyright 1978,
McGraw-Hill, Inc.
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(Single-seam haulback operation in Appalachia involves three
integrated phases of overburden removal, coal loading, and
reclamation. )

Figure IV-I8

HAULBACK MINING

Reprinted. wit.h permission, from "Coal Age Operating Handbook of
Coal Surface Mining and Reclamation," Volume 2. Copyright 1978,
MCGraw-Hill, Inc.
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low as the coal recovery is from auger mining, there are conditions
where it is warranted as it is low-cost production and frequently
makes it possible to mine coal reserves that are thin, dirty,
isolated, and not economically recoverable by any other means. Auger
mining accounts for about 2.5 percent·of total U.S. coal production.

Area Mining

Strip Mining. In some regions of the United States, especially in the
West and Midwest, many of the economically significant coal seams lie
in a relatively level plane beneath a flat to gently rolling surface
terrain. Consequently, the depth of the coal below the surface will
remain fairly constant over extensive areas. This type of deposit
can ordinarily· be developed by conventional dragline or shovel methods
tising "area type" surface mining; that is, excavation of a sequence of
parallel pits which may extend several thousand feet in length.
Mining by the conventional "area" method normally begins at the
cropline where the overburden is shallow. Spoil from the initial cut
(box cut) is placed on virgin ground. The overburden from each
succeeding pit is then spoiled into the previous pit where the coal
has been removed. Reclamation operations follow closely behind the
~dvancing mining front. The final highwall and entire mine area is
reclaimed back to approximate original contour. In addition to
draglines or conventional shovels, stripping can also be performed by
bucket-wheel excavators, shovels and trucks, endloaders and trucks, or
scrapers. The trucks and scrapers haul overburden around the end of
the pit, depositing it in the mined- out strip-cuts or other spoil
storage sites. Figure IV-19 illustrates area mining with draglines.
Figure IV-20 illustrates area mining with a stripping shovel.

Open-Pit Mining. Some western area type mines utilizing shovels and
trucks, endloaders and trucks, or scrapers develop open-pit mine
configurations whereby overburden and coal are removed in blocks
rather than strip-cuts. Overburden from initial pits is normally
p~aced off the area to be mined, often in depression areas, sometimes
on previously mined areas, then overburden from succeeding pits is
placed back into pits where the coal has been removed. Figure IV-21
portrays open-pit mining of a thick seam.

Other New Surface Mining Methods

Mountaintop Mining. In recent years, several minlng techniques have
been developed which minimize the adverse effects of mining on steep
slopes. Because of new strip mine laws and reclamation requirements,
these techniques have often replaced or eliminated the practice of
contour mining. The new methods include mountaintop (or hilltop)
mining and finger-ridge mining. Figure IV-22 depicts the cross-ridge
concept of mountaintop mining. The mountaintop mining method involves
removal of the entire hilltop or mountaintop above a coal seam or
multiple coal seams. Most of the overburden is usually placed in
hollow fills, while some overburden is retained for final reclamation
of the "tabletop"landscape left upon termination of mining. A new
mountaintop technique, called cross-ridge mining, mines across the
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Figure IV-19

AREA MINING WITH DRAGLINES

Reprinted, with permis~ion, from "Coal Age Operating Handbook of
Coal Surface Mining and Reclamation," Volume 2. Copyright 1978,
McGraw-Hill, Inc.
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Figure IV-20

AREA MINING WITH STRIPPING SHOVEL

.~------ -

Reprinted, with permission, from "Coal Age Operating Handbook of
Coal Surface Mining and Reclamation," Volume 2. Copyright 1978,
McGraw-Hill, Inc.
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from "Coal Age Magazine J" February't
McGraw-Hill, Inc.

-
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Figure IV- 21

AREA MINING (OPEN-PIT MINING) OF A THICK SEAM

/

Reprinted, with permission,
1980, Vol~e 85 - Number 2.



Figure IV- 22

AREA MINING
(CROSS-RIDGE MOUNTAINTOP METHOD)

Reprinted, with permission. from "Coal Abe Operating Handbook of
Coal Surface Mining and Reclamation tll Volume 2. Copy-right 1978t
McGraw-Hill, Inc.
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ridges between the coal outcrops and places more spoil on top of the
mined out area. This technique reduces the required volume of hollow
fill areas.

Finger-Ridge Mining. Finger-ridge removal methods can also utilize
cross-ridge mInIng techniques. Finger-ridge mining is similar to
mountaintop mining; however, instead of removing the entire mountain
or hill above the coal seam(s), only the ridges or incremental parts
of the mountain above the coal seam(s) are removed. This allows
operators to take advantage of lower stripping ratios in ridge areas.
The final highwall, which often represents economic cutoff, occurs
where the strip ratio becomes too high as mining progresses into the
mountain. The block of coal that remains could be mined later if
economic conditions become favorable or new techniques are developed.

Underground Mining

Underground methods are employed where the coal is coo deep to be
surface mined economically or environmental restrictions preclude
surface mining. Basically, there are three types of underground mines
according to the manner in which the opening from the surface to the
coal seam is made. These include drift mines, slope mines, and shaft
mines (see Figure IV-23). In a drift mine, the opening into the coal
is horizontal or made directly into the seam at a point where it
outcrops on the surface. A slope mine uses an inclined opening to
reach the coal. A slope entry is usually employed where the coal seam
is at an intermediate depth (there is no' visible outcrop), or where
the coal outcrop condition is unsatisfactory or unsafe for drift
entry. Shaft mines are usually developed when the coal seam lies deep
underground.

Conventional

This method extracts the coal in a sequence of operations, with
,special equipment to execute each step. First, the coal is cut by a
cutting machine and then drilled, loaded with explosives, and blasted.
The broken coal is gathered by a loading machine and transported to a
shuttle car (or in some cases, the coal is both gathered and
transported by specially designed eqUipment), which dumps the coal
onto a conveyor belt or a mine car loadout station. A machine follows
closely behind the operating face in~4~alling roof bolts, or other roof
support items such as timbers or stc~. crossbars. This type of mining
system is gradually being phased out in the United States and is being
replaced by continuous mining machines. Figure IV-24 illustrates room
and pillar mining by conventional methods.

Continuous

This method utilizes a single machine called a "continuous miner"
which breaks the coal mechanically, then loads and transports it to a
shuttle car. The shuttle car transports the coal to a conveyor belt
for passage out of the mine. A roof bolting machine is usually
scheduled to follow closely behind the operating face. Recently,
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MAIN CONVEYOR 8£1.T

Figure IV- 23

UNDERGROUND MINING PRACIICES
Reprinted from "Elements or Practical Coal Mining," by Samuel M.
Cassidy, ed1tor, 1973, by permission of the Society of Mining
Engineers of AlME.



Reprinted from "Elements of Practical Coal Mining," by Samuel M.
Cassidy, editor, 1973 t by permission of the Society of Mining
Engineers of AlME.
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Figure IV-.24

UNDERGROUND COAL MINING - ROOM-AND-PILLAR SYSTEM
(Conventional Method)

Reprinted, with permission, from "Coal in America," by Richard A.
Schmidt. Copyright 1979, McGraw-Hill, Inc.

Source: ti. S. Bureau of Mines
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development towards continuous haulage has been emphasized whereby the
conveyor belt system connects directly to the continuous miner; also,
mounting roof bolting equipment on continuous miners has been
explored. These developments are likely to further improve
productivity and safety. Both the conventional and continuous mining
methods use the room and pillar technique to extract the coal. Main
tunnels, or headings, are first driven from the point of entry into
the coal seam. From these main headings, secondary headings are
driven perpendicularly. Blocks of coal are then ,extracted in a
systematic pattern along both sides of the headings, and pillars of
intact coal are left between the mined-out rooms to support the mine
roof and prevent surface subsidence above the workings. Once a given
area or entire mine property has been developed, retreat mining is
often practiced in which additional coal is mined from the pillars,
thereby increasing overall coal recovery. Room and pillar mining
normally achieves extraction of 40 to 60 percent of the coal seam.

Longwall

Longwall mlnlng is relatively new to the mining industry. This system
mines large blocks of coal, outlined during the mine development
phase, which are completely extracted in a single, continuous
operation. Longwall mining machines utilize coal cutters that move
across a section of the face and the cut coal falls onto a
continuously moving face conveyor. Hydraulic roof supports are
advanced with each pass of the cutter, permitting controlled roof
collapse as mining progresses. Longwall mining, once properly
implemented, is usually highly productive and allows increased
recovery of the coal since it is unnecessary to leave pillars of coal
for roof support as in other mining methods. One quarter of western
deep mines currently use longwalls. Longwall mining techniques are
illustrated in Figure IV-25.

Shortwall

This new mining method, introduced from Australian mines, represents a
combination of the continuous mining and longwall systems. Either
continuous mining equipment or conventional equipment is used to
develop the field. A continuous miner, in conjunction with the
longwall-type roof supports, is then used to extract the remaining
coal pillars. The individual pillars or blocks.of coal are somewhat
smaller than those in longwall operations. Transportation of the coal
may be by shuttle cars or by newly developed portable, flexible belt
conveyors that follow the continuous miner in and out (i.e.,
continuous haulage). As in longwall mining, shortwall mining also
offers improved coal recovery. Shortwall mining techniques are
illustrated in Figure IV-26.

PREPARATION PLANTS ~ ASSOCIATED AREAS
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Figure IV- 25
LONGWALL MINING METHOD
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UNDERGROUND MIN!NG PLAN FOR LONGWALL DEVELOPMENT MI:'TERS. '

Reprinted from "Elements of Practical Coal Mining," by Samuel M.
Cassidy, editor, 1973, by permission of the Society of Mining
Engineers of AIME.
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Figure IV- 26
SHORTWALL MINING METHOD

(An experimental plan for shortwall mining in eastern Kentucky)

Reprinted from "Elements of Practical Coal Mining,tl by Samuel M.
Cassidy, editor, 1973, by permission of the Society of Mining
Engineers.of AIME.
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/ Introduct i011

Coal preparation is the process of upgrading raw coal by physical
means. In general, preparation techniques improve the heating value
and physical characteristics of the coal by removing impurities such
as pyrite and ash material (e.g., shales, clays, shaley coals, etc.).
By removing potential pollutants such as sulfur-bearing minerals prior
to combustions, coal cleaning can be an important control strategy for
complying with air quality standards. The physical upgrading of
:metallurgical coal has long been a necessity because the steel
~ndustry has had the toughest quality requirements of all major coal
consuming industries. On the other hand, utility (steam) coal has
'been subjected to less extensive preparation. Although utility coal
is required to be relatively uniform in size, the economic benefits
accrued from deep cleaning in the past has not been sufficient to
justify the additional preparation costs. However, with the
establishment of new sulfur dioxide emission standards for power
generating plants, there is a growing demand for more complete
cleaning of utility coal. Electric utility companies can meet these
;standards by installing scrubbers or other technologies that reduce
the sulfur content of stack gases, or by burning cleaner, lower sulfur
coal.

Coal Preparation Processes

The physical coal cleaning processes used today are oriented toward
product standardization and reduction of ash, with increasing
attention being placed on sulfur reduction. In a modern coal-cleaning
plant, the coal is typically subject~d to size reduction and
screening,' gravity separation of coal from its impurities, and
dewatering and drying. The commercial practice of coal cleaning is
primarily based on separation of the impurities due to differences in
the specific gravity of coal constituents (i.e., gravity separation
processes), and on the differences in surface properties of the coal
and its mineral matter (i.e., froth flotation).

Although it is"not possible to describe a universal coal preparation
process, certain processing methods common to most preparation
operations can be identified. Figure IV-27 illustrates a coal
cleaning facility that uses common process methods, without detailing
specific unit operations.

Initial Coal Preparation

prior to the actual cleaning process, run-of-mine coal must undergo
~nitial preparation. This involves preliminary crushing of the coal
to remove large rock fractions and to liberate entrained impurities
~uch as clay, rock, and other inorganic materials, including pyrite.
The first crushing step is followed by a screening operation and
secondary crushing. A second screening step produces two product
streams from this process area: one containing a fine fraction
(usually less than 6.5 mm) and the other containing coarse particles

I (normally 76.0 x 6.5 mm). These two coal streams are then routed to
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their respective process areas where the actual cleaning operation
takes place (7).

Fine Coal Processing

Fine coal processing can involve either wet or dry cleaning methods.
In plants utilizing a dry coal cleaning process, fine coal from the
initial preparation step flows to a feed hopper and then to an air
cleaning operation. This cleaning operation can employ one of several
devices which rely on an upward current of air traveling through a
fluidized bed of crushed coal. Separation is effected by particle
size and density. Product streams from a dry cleaning process are
sent directly to the final coal preparation step, while reject streams
are usually processed further in wet cleaning operations (19).

In operations utilizing wet methods to effect fine coal cleaning, the
process feed stream containing less than 6.5 mm coal is slurried with
water as it enters the fine coal processing area of the plant. This
slurry is then subjected to a desliming operation which removes a
suspension containing approximately 50 percent of minus 200 mesh
material. The cutoff size for this separation is usually in the range
of 28 to 48 mesh. This desliming operation is necessary because the
presence of slimes adversely affects the capacity and efficiency of
fine cleaning units (19).

Subsequent to desliming, the oversize coal fraction (greater than 28
mesh) is pumped to the fine coal cleaning process. Here, fine coal
particles undergo gravity separation in one of several wet cleaning
devices. This removes a percentage of ash and pyritic sulfur to
produce a clean coal product. The product stream from this operation
is fed to the drying area of the plant; refuse material is further
processed in the water treatment section.

The slimes removed from the fine coal stream are fed to a froth
flotation process. Other material, such as reject from dry cleaning
operations, may also be treated in the flotation process. This
process consists of "rougher" and "cleaner" sections which are
comprised of cells of flotation machines. Upon entering the flotation
process area, the slime suspension is treated with a frothing agent.
This agent selectively floats coal particles in the flotation machines
while allowing pyrite and ash impurities to settle. Processing slime
in the "rougher" cells produces a reject stream and a low-grade
product. The low-grade product is further processed in the "cleaner"
cells to produce a clean coal product. This final float product is
then sent to the dewatering area for further handling, while reject
material from both rougher and cleaner sections is processed in the
water treatment and recovery area.

Coarse Coal Processing

Feed to the coarse coal processing area of the plant consists of
oversize material (76 x 6.5 mm particles) from the initial preparation
area. This feed stream is slurried with water prior to cleaning,
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since coarse coal cleaning operations employ wet processing equipment
to remove impurities from the coal. The coarse coal slurry is fed to
one of the many types of process equipment currently employed in
coarse coal cleaning. Here, impurities are separated from the coal
due to differences in product and reject density. It is common
practice to remove a middling fraction from the separation operation
and process it further by means of recycle or by feed to another
cleaning process. These cleaning operations result in removal of two
streams from the coarse coal processing area: a product and a reject
stream. Subsequent to the coarse cleaning operation, the product
stream is pumped to the dewatering and drying area of the plant, while
~he reject stream is processed in the water treatment recovery area.

Water Management/Refuse Disposal

Dewatering and drying equipment handle the product flows from both the
fine and coarse coal preparation areas. Typically, cleaning plants
employ mechanical dewatering operations to separate coal slurries into
a low-moisture solid and clarified supernatant. The solid coal sludge
produced in the dewatering step can be mechanically or thermally dried
to further reduce the moisture. The supernatant from the dewatering
process is returned to the plant water circulation system.

The water treatment and recovery section of a cleaning plant processes
refuse slurries containing both coarse material and reject slimes.
Here, the refuse slurry is dewatered, typically in thickeners and
settling ponds. The supernatant from this operation is most often
returned for reuse in the plant, while the refuse can be buried and
revegetated to prevent burning, or piled prior to reclamation. The
coal product from the dewatering and drying area of the plant often
undergoes additional processing. This may involve crushing and
screening operations to separate the product into various product
s~zes. The cleaned and sized product is then conveyed to storage
silos or bins prior to shipping.

Plant Statistics

There was a total of 458 preparation plants processing anthracite,
bituminous, and lignite coal in the United States in 1975 (18).
(Current estimates (1979) indicate there are now approximately 670
preparation plants.) Based on 1976 data, 95 percent of the plants
employed wet processing methods (see Figure IV-28). Only 21 plants
used dry methods. Two-thirds of the wet processing plants utilized
heavy media separation, froth flotation, or both. Table IV-10 shows
bituminous and lignite tonnage processed in 1975 by type of cleaning
method. Two hundred and forty-two million metric tons (267 million
short tons) (41 percent) of 1975 production received mechanical
cleaning using wet processing methods, whereas 288 million metric tons
(317 million short tons) (49 percent) were subjected to crushing
and/or screening only and 58 million metric tons (64 million short
tons) (10 percent) received no processing prior to consumption. Table
IV-11 breaks down mechanical cleaning of bituminous and lignite coal
by type of equipment.
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Table IV-ll

MECHANICAL CLEANING OF BITUMINOUS AND LIGNITE COAL

IN 1975, BY TYPE OF EQUIPMENT

65.7 72.4 27.1

12.2 13.5 s. ,
0.9 1 .0 ~

78.8 86.9 32.6

10.4 11 .5 ~

236.2 260.3 36.9

6.1 6.7 2.5
z

242.3 267.0 100.0

Type of
Equipment

Washing Only Processes

Jigs

Concentrating Tables

Classifiers

Launderers

Subtotal

Dense Media
Processes

Magnetite

Sand

Calcium Chloride

Sub,total

Flotation

Total Wet Methods

Pneumatic Methods

Grand Total

Source (17.)

kkg, -:- l06

113.0

26.0

5.6

2.4

147.0

85

Short Tons . 106

124.3

28.7

6.2

2.7

161 .9

Percent

46.6

10.7

2.3

1 .0-
60.6
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Associated Areas

Associated areas include refuse piles, raw and clean coal stockpiles,
applicable haulroads or access roads, and disturbed areas from
preparation plant facilities; that is, areas associated with the
preparation of and waste generated by a refined coal product. Refuse
piles and coal stockpiles, plus other associated areas, can be prone
to generation of acid waters, especially if high pyritic coals are
involved. Proper management and treatment techniques are required to
be used to minimize water pollution from these areas.





SECTION V

WASTEWATER CHARACTERIZATION AND INDUSTRY SUBCATEGORIZATION

lNTROOUCTION

The development of effluent limitations guidelines is based upon the
determination of the effluent char-acteristics of the industrial
category and the identification of suitable treatment technologies for
reduction of pollutants within the category. All industrial
categories have inherent processing, site, or raw material differences
which influence their effluent characteristics and methods of
wastewater treatment. The purpose of this section is to recognize any
of these major inherent differences that exist within the category,
and more importantly, to determine their impact on treatability and
effluent characteristics. The subcategorization scheme developed from
this evaluation provides the basis for the selection of treatment
technologies and the determination of effluent standards.

SUBCATEGORIZATION

The development of the BAT subcategorization scheme includes an
examination of many factors which might affect effluent quality and
treatability. The factors examined include mine type (surface or
underground), coal type (anthracite, bituminous, lignite), size,
location, and effluent source (preparation plant, active mine, or
reclamation area). These factors were previously examined during the

.development of BPT effluent limitations, and a BPT subcategorization
scheme was established. That subcategorization has been reexamined in
light of additional data collected during the BAT program.
Statistical and engineering analyses of these data indicate that
several modifications are appropriate.

Revised ePT, BAT and NSPS Subcategorization Scheme

The following categorization provides the basis for the remainder of
this study:



1. Preparation Plants and Associated Areas (for NSPS, different
standards apply to preparation plants and associated areas).

2. Acid Mine Drainage

3. Alkaline Mine Drainage

4. Post Mining Discharges
a. Reclamation areas and
b. Underground mine discharges.

SAMPLING AND ANALYSIS PROGRAM
.I --

To develop the regulations, data characterizing wastewaters generated
during the extraction and preparation of coal were obtained and
evaluated. The initial data collection effort was instituted during
1974 and 1975 for the development of BPT effluent limitations. These
data included results from a sampling and analysis program and
assimilation of a large amount of historical data supplied by the
industry, the U.S. Bureau of Mines and other sources. This
information characterized wastewaters from coal mining operations
according to a number of key control parameters--acidity, alkalinity,
total suspended solids, pH, iron, and others. However, little
information on other pollutants such as toxic metals and organics were
available from industry or government sources. To establish the
levels of these pollutants, a second sampling and analysis program was
instituted to specifically address these toxic compounds, including
the 65 pollutants and pollutant classes for which regulation was
mandated by the Clean Water Act Amendments of 1977. These pollutants
are listed on Table VI-l. This sampling effort also served to extend
the coal wastewater data base of conventional and nonconventional
pollutants.

Data~ Developed During This Rulemaking

The Agency instituted a screening sampling program and a verification
sampling program directed primarily at determining levels of the toxic
pollutants in raw and BPT-treated effluents in the coal mining
industry. Additional analytical data were obtained during engineering
site visits to seventeen mine sites. Two EPA regional offices
supplied supporting data from facilities within their geographical
areas. Data generated from a self-monitoring program for areas during
precipitation events and areas under reclamation are also part of the
Qata base. A precision and accuracy study of settleable solids
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Table V-I

DATA SOURCES DEVELOPED DURING BAT REVIEW FOR
WASTEWATER CHARACTERIZATION

Number of Facilities by Proposed Subcategory

Preparation Preparation Plant Reclamation
Data Source Acid Alkaline Plants Associated Areas Areas

Screening 9 14 15 6 0

Verification 7 5 5 2 0

Engineering Site
Visits 3 11 5 4 1

EPA Regional Studies 0 3 1 0 0

\0 Self-Monitoring
l-' Survey 0 0 0 0 24

Prep. Plant
Questionnaire 0 0 152 152 0

Prep. Plant Sampling 0 0 3 3 0

NPDES DMR 56 32 12 1 0

Site Specific Areas
Under Reclamation 0 0 0 0 8

TOTALS 75 65 193 168 33



concentrations less than 1.0 ml/l was also perfor.med. Finally, data
from a preparation plant industry questionnaire and NPDES Discharge
Monitoring Reports from four EPA regions have been compiled for
addition to the active data base. These data sources are presented,
by proposed subcategory, in Table V-1 and discussed in more detail
below. Table V-2 summarizes statistics for the data base upon which
coal industry wastewaters are characterized. A number of treatability
studies were also conducted to evaluate the capacity of candidate
technologies to treat coal mine drainage. These studies are
summarized in Table V-3. Results from the treatability studies are
discussed in detail in Section VII, Treatment and Control
Technologies. Special reports for anthracite mining, sedimentation
pond sludge samples and coal preparation plants were also prepared.
(See Ref 21.22, and 23 respectively).

Data Sources

Screening and Verification Sampling

The screening and verification sampling program began in 1977.
Several criteria were considered in the selection of sampling sites.
It was determined that facilities to be sampled should: 1. Be
representative of the industry to account for all major factors (i.e.,
location, topography, seam characteristics, etc.) which could
influence effluent quality and treatability; and 2. Include treatment
processes considered exemplary within the industry to establish a
baseline for best available technologies. Applying these criteria, a
candidate list of sites was prepared and submitted to the Water
Quality Committee of the National Coal Association for comment. A
final list of sites to be visited for the screening phase was then
compiled. The mine companies were contacted and sampling arrangements
made. Screening sampling visits were conducted during 1977 to sites
within the various subcategories as listed in Table V-l. All sampling
and analysis during this phase were done according to EPA sampling
protocols, (8). After review of screen sampling analytical results,
several additional sites were selected for verification sampling.
Three coal mines and preparation plants were revisited to verify data
collected during screening. Three additional bituminous and lignite
mines, as well as four anthracite fadilities, were also sampled to
enhance the representativeness of the data base. Sampling and
analytical protocols for this phase were all in accordance with EPA
procedures (8). More detail on these protocols can be found in
Appendix C, of the Proposed Coal Mining Development Document. (EPA
440/1-81/057/b).

Engineering Site Visits

The engineering site visits were carried out primarily to collect cost
data for verifying and supplementing costs previously developed for
the coal mining industry. Fourteen separate mines, some with an
associated preparation plant, were contacted and visited in the fall
of 1979. A sample data checklist used on the visits may be found in
Appendix D of the Proposed Coal Mining Development Document. Samples
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*Data from this source has been computerized.

43

19

3

o
1

34

118

335

167

Preparation Plants
and Associated

Areas

Type of
Facilitx

o

29

o

58

17

3

39

14

314

Anthracite,
Bituminous Coal

and Lignite Hines

89

162

Table V-2

DATA BASE SOURCES

BPT Study

BCRt Surveys

*BAT Screening
and Verification

*Self-Monitoring
Survey

*EPA Region IV, VIII

*Engineering Site
Visits

*Preparation plant
Site Visits

*Preparation Plant
Industry Survey

Total No. in Data Base

Total No. of Independent
Facilities in Computerized
Data Base

Percent of 1978 Total
Production Represented
1n Total Data Base



Table V-3

TREATABlLITY STUDIES CONDUCTED ON COAL MINE DRAINAGE

Technolo~y Site(s) of Type of Dates

Examine Study or Mine(s) Drainage Treated of Effort Reference

Lime/Limestone Crown, WV Acid Mine Drainage 1974-1976 (1 )

(Ferrous Iron)

Lime/Limestone Norton, WV Acid Mine Drainage 1974 (2)

(Ferric Iron)

Reverse Osmosis Norton, WV Acid Mine Drainage 1972 (3)

Morgantown, WV
Ebensburg, PA
Mocanaqua, PA

\D Flocculant Norton, WV Acid Mine Drainage 1979 (4)
-l=" Addition Hollywood. PA

Crown, WV
Stonefort, IL

Granular Media Ebensburg, PA Acid Mine Drainage 1980 (5)

Filtration Greensboro, PA Acid Mine Drainage

Neutralization Crown, WV Acid. Alkaline Mine 1978-1979 (6)

Aeration Drainage for Organ-
Ozonation iCB and Toxic
Sand Filtration Metals
Carbon Adsorption

Reverse Osmosis Crown, WV Acid Mine Drainage 1978 (7)

Ion Exchange
Lime Neutralization
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3. Determination of the runoff treatment strategy for areas
ancillary to the preparation plant.

current2. Determination of requirements for modifying
treatment configurations to a total recycle system; and

Preparation Plant Industry Survey

This study was conducted with the cooperation of the National Coal
Association (NeA) to assess water usage and treatment in coal
preparation plants. NCA producer companies were mailed a
questionnaire requesting the following information: facility profile,
water balance around the preparation facility, makeup water sources,
discharge points and quantities, water treatment practices employed,
water management procedures and acreage of preparation plant
associated areas, and effluent quality data. A sample questionnaire
is in Appendix D of the Proposed Coal Mining Development Document (EPA
440/1-8/057-b) for the proposed rUlemaking. One hundred and fifty-two
plants (approximately 50 percent of the NCA producer company
preparation plants) responded to the survey, representing roughly 30
percent of all the plants in the industry. This information was
incocporated into the computer data base developed in support of the
overall program, and may be found in Appendix E of the Proposed Coal
~ining Development Document (EPA 440/1-81/057-b). The uses of the
industry responses include the following:

1. Determination of the number of plants operating a total
~ecycle system;

of raw and treated effluents were collected and shipped for analysis
of "classical" parameters (TSS, Fe, Mn, pH, turbidity,
alkalinity/acidity, settleable solids, and total dissolved solids) and
the thirteen toxic metals. The analytical protocol used was
established by EPA. The metals were analyzed by inductively-coupled
argon- plasma emission spectrometry and atomic adsorption (9).

EPA Regional Support Studies

EPA Region 8 (Denver, Colorado) instituted a sampling effort to assess
the water treatment configurations and effluent qualities
characteristic of the western coal producing region. Several mines
were visited during the spring of 1979; however, due to an unusually
mild winter and an abnormally dry spring, only two of those contacted
were found to have a discharge that could be sampled. Grab samples
were collected and analyzed for the currently regulated parameters,
priority metals, and a number of nonconventional pollutants. EPA
Region 4 '(Atlanta, Georgia) conducted a similar effort at one mine in
its region. These data were forwarded to the Effluent Guidelines
Division and incorporated into the data base. This information was
incorporated into a report comparing effluents from eastern and
western mines.(10) The data was also used to further characterize mine
drainage and wastewater treatability, particularly 'for priority metals
removal.



Questionnaire results are discussed in Section VII, Treatment and
Control Technology.

Self-Monitoring Survey

A one year survey conducted under authority of Section 308 of the
Clean Water Act was performed in order to characterize surface
discharges from sedimentation pond effluents during and after storms
and also for reclamation areas. (See Appendix A of this document).
Seventeen mining facilities involving 24 ponds reported data.
Sampling of one pond ended shortly after the study because the
facility discontinued discharging into it. Four other ponds did not
report a discharge during the study. Therefore, data was collected
from a total of 19 ponds.

Samples were taken of the influent to and effluent from the ponds.
One sample per week was collected to establish base flow conditions,
with additional samples taken during any significant rainfall event
and the day after the rainfall event. The results of these sample
analyses, coupled with design specifications submitted by the
participating companies for each pond, permitted identification of the
treatment effectiveness of the ponds during dry weather and storm
conditions, as well as concentrations of pollutants which characterize
runoff from mining areas. The parameters analyzed include total
suspended solids, settleable solids, total iron, dissolved iron, and
pH. Certain samples were also analyzed for the priority metals.
(After the first six months' of the toxic metals analyses, results
were so low that sampling for these parameters was discontinued).

Settleable Solids Precision and Accuracy Study

A second major sampling and analysis effort was performed to develop a
precision and accuracy determination for measurement below 1.0 ml/l of
settleable solids for active mining and reclamation area discharges
from eastern and western coal mines. (See Appendix B of this
document). Under this program, eight treatment ponds were sampled and
analyzed for settleable solids using the Standard Methods protocol
(14th Ed., American and Public Health Association, Washington, D.C.,
1975). Based on the results of this study, EPA has concluded that it
is possible to measure settleable solids below 1.0 ml/l and that an
effluent limitation below 1.0 ml/l is indeed reasonable. In fact, EPA
concluded that the maximum method detection limit for settleable
solids in the coal mining industry is 0.4 mIll.

Preparation Plant Sampling Program

This sampling and analysis effort was instituted to characterize
preparation plant effluents and to compare wastewater generated within
total recycle systems with wastewater discharged from partial recycle
and once-through systems. Grab samples were collected at thr~e

preparation plants and associated areas and analyzed according to
Agency protocol (8). Cost and wastewater engineering data were
collected simultaneously to augment existing data and to permit an
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evaluation of the feasibility of no discharge of pollutants from
preparation plant water circuits.

Regioqal Discharge Monitoring Reports (DMR) Filed Under the NPDES
Program

A program was conducted to collect DMRs from EPA regional offices
located in the major coal producing areas in the United States. These
data identify the levels of variation in flow and pollutant
characteristics associated with mine drainage. Of particular interest
is the daily maximum value of each regulated pollutant (TSS, Fe, Mn,
and pH) during the 30-day monitoring period. Eighty-eight sets of
data were obtained from EPA Regions 3, 4, 5, and 8.

WASTEWATER SOURCES AND CHARACTERISTICS
!

Water enters surface or deep mines by groundwater infiltration,
precipitation, and surface runoff. Surface runoff can become
contaminated with suspended solids from sediment. If pyritic material
is exposed on the mine bottom, highwall, or spoil piles, oxidation and
acid formation can occur and leach toxic metals. Groundwater entering
a surface or deep mine is also subject to acid formation.

The wastewater situation at coal mines is notably different from that
found in most other industries. No process water is used in coal
extraction, except for minor use in dust suppression, equipment
cooling, and firefighttng needs. Water is an operational hindrance to
a coal mine, and requires careful management to minimize water
entering the active mining area. Water can cause occupational health
hazards, such as spoil bank or highwall instability or an electrical
short circuit in the case of operations using electric trunk lines to
power mining equipment. As indicated in the industry profile section,
the quantities of water generated at a mine site do not correlate with
the coal production rate. This again differs from most other
industries, where flow, and thus pollutant loadings, can be linked
with the rate of production.

A final major difference with water management in the coal industry is
the possibility of continuing discharges of polluted wastewater after
the facility has ceased production, especially from underground
operations. Control practices, which are discussed in Section VII,
can be implemented to minimize or treat these discharges during and
after the active mining phase. ~
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This subsection will summarize raw wastewater data first for all
subcategories and then for each individual proposed subcategory. The
data sources in the summary tables include the following:

1. Screening sampling data,
2. Verification sampling data,
3. Self-monitoring survey data,
4. EPA regional data,
5. Engineering site visits,
6. Preparation plant site visits.

A number of explanatory points should be made to correctly interpret
the tables presented in this section and the next section. First, all
concentrations are presented in micrograms per liter, listed as UG/L
on the tables.

Second, the tables represent an effort to illustrate the quantity and
aistribution of the data. Thus, the total number of samples analyzed
for each pollutant parameter is listed in the first numerical column.
The second column presents the total number of times the pollutant was
detected during analysis. Because the Agency considers 10 ug/l as a
realistic lower limit for detection of organic compounds (5 ug/l for
pesticides), the third· column depicts the total number of samples
where a detected value of greater than 10 ug/l was found. These are
termed "quantifiable levels." The final six columns are an attempt to
illustrate the data distribution of only the detected values. The
statistics listed include the minimum, the 10 percent value (i.e., 90
percent of the detected values are above this concentration), the
median of detected values, the mean of detected values, the 90 percent
value (90 percent of the detected values are below this value), and
the maximum reported concentration. Nearly all the organic priority
pollutants and a number of the toxic metal pollutants are most
frequently found as "not detected," i.e., below the detection limit.
To record these values on the final five columns would render these
columns essentially meaningless. For instance, cyanide was detected
in onl¥ three samples out of 50 for raw wastewater (see Table V-4).
If the not detected values were recorded in the final five columns,
the minimum, the 10 percent value, the median, and the 90 percent
value would all be listed as not detected. This may be appropriate
for some types of evaluation, but, for the purpose of developing
treatment technologies and supporting a subcategorization scheme,
illustrating the data distribution for detected values is more
informative.

Third, in situations where fewer than 10 detected values occur, no
meaningful number could be selected to represent the 10 percent and 90
percent values. This is denoted by an asterisk. Dots in the minimum,
mean, median, and maximum columns indicate no values were detected for
that parameter.

Fourth, concentrations were sometimes reported by the analytical
laboratory as "detected less than X" where X equals some detection
limit. This apparently contradictory information can be explained by
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Table V-4

WASTEWATER CHARACTERIZATION SUMMARY
RAW WASTEWATER

ALL SUBCATEGORIES
TOXIC POLLUTANTS

---~~---~_.-------------------------------._--_._-----. __________________ ~ _____ M___ • _______________ ~_.______

TOTAL TOTAl NJMBER DETECTED CONCENTRATIONS IN UG/l
NJMBER ..-ER SAMPLES -------------.--_.._-----------

COMPOlN) SAMPLES DETECT >1C1UQ./L MIN 1~ MEDIAN MEAN lew. MAX
----------.--~-------------------~--------------------------~------------.-~---------------.-------.--------

ACENAPHTHENE 4. 3 0 3 • 3 3 • 3
ACROLEIN 47 0 0 .. ..
ACRYLONITRILE "7 0 0 · " · · .. ·BENZENE 47 13 8 2 2 18 24 47 73
BENZIDEHE 41 0 0 • .. ..
CARBON TETRACHLORIDE 47 0 0 · .. · · .. ·OtLOROBEHZENE 48 1 1 12 .. 12 12 .. 12
1.2.3-TRICHLOROBENZENE 48 0 0 .. ..
HEXACHLOROBENZENE 4& 0 0 .. ..
1.2-DICHLOROfTHANE 47 0 0 · .. · .. ·\0 1, 1, i-TRICHLOROETHANE 47 4 1 3 .. 3 I .. 23

\D HEXACHLOROETHANE 48 0 0 .. ..
1,1-DICHLDRDETHANE 47 0 0 .. ..
••• ,2-TRICHLOROETHANE 47 0 0 .. ..
t,t,2,2-TETRACHLOROETHANE 47 0 0 .. ..
CHLOROETHANE 47 0 0 .. ..
SIS(CHLOROMETHYL) ETHER 47 0 0 .. •
BIS(2-CHLORDETHYL) ETHER 41 0 0 .. ..
2-CHlORoETHYL VINYL ETHER (MIXED) 47 0 0 · .. · .. ·2-CHLORDNA~HAL£NE 41 t 0 3 .. 3 3 .. 3
2,4,e-TRICHLOROPHENOL 48 0 0 * •
PARACHLDROMETA CRESOL 46 0 0 · .. · · .. ·CHLOROFORM 47 25 22 3 8 32 8' 308 47.
2-aiLQROPHENDL 48 1 1 88 • 8. 88 • 88
1,2-bJCHLDROBENZENE 49 2 1 3 *' 3 11 .. 18
1,3-DICHLOROBENZENE 48 0 0 · • · · *' ·1.4-bICHLOROBENZENE .1 1 0 3 .. 3 3 • 3
3,3-DICHLOROBENZIDINE 48 0 0 *' *'



Table V-4 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
RAW WASTEWATER

ALL SUBCATEGORIES
TOXIC POLLUTANTS

-----------------------------------------------~---------------.-+--------------------.-.-------------------TOTAL TOTAL MJMBER DETECTED CDtCENTRATlONS IN UG/L
NJMBER ....ER S.UFLES .-------~-----------._---------

COMPOUND SAIFLES DETECT >10UG/L NIN 101 MEDIAN MEAN 1<& MAX

------------------------------------------------------------------------------------------------------------
1.1-DICHLOROETHYLENE 47 3 0 3 .. 3 3 • 3
1.2-TRANS-DIOLOROETHYLENE 47 1 0 10 .. '0 10 .. 10
2.4-DICHLOROPHENOL 48 0 0 .. •
1.2-DICHLOROPROPANE 47 0 0 .. •
1.3-DICHLOROPROPENE 47 0 0 · .. · · • ·2.4-DINETHYLPHENOL 48 3 3 18 .. 20 21 .. 24
2.4-DINITROTOLUENE 41 1 1 1. .. 18 18 .. 18
2.8-DIHITROTOLUENE 49 1 1 :JO .. 30 30 .. 30
1.2-DIPHENYUHYDRAZIHE 49 1 0 3 .. 3 3 .. 3
ETHYLBENZENE 48 4 1 2 .. 3 5 .. 11.... fLUORANTHENE 49 5 2 3 .. 3 II .. 110

0 4-CHLDROPHENYL PHENYL "ETHER 49 1 0 3 .. 3 3 .. 3
4-BROMlPHENYL PtENYL EDlER 41 0 0 .. •
IIS(2-CHLOROISOPRDPYL) EntER 49 0 0 .. ..
8JS(2-CHLOROETHOXY) NE~ 41 0 0 · .. · · .. ·METHYLENE CHLORIDE (DICHLIJRC*ETHANE ) 47 43 34 3 3 B01 111e 2201 11110
METHYL CHLORIDE 47 0 0 .. ..
METHYL BROMIDE" 47 0 0 .. ..
BROMOfORM 47 0 0 .. ..
DIQiLOROBRONONETHANE .7 0 0 .. ..
TRIOLOROfLUDRe*ET'tMNE 47 0 0 .. •
DICHLORODlf~niANE 47 0 0 .. •
ClLORODIBIlOMOMETHANE 47 0 0 • •
HEXACH.OROBUTADIENE 4. 0 0 .. •
HEXACHLOROCYCLOPENTADI ENE 4. 0 0 · • · · .. ·ISOPHDRONE 4. 1 1 307 .. 307 307 .. 307
NAPltTHALENE •• 10 e 2 2 10 7• 220 410
NITROBENZENE 4' 1 t 21 .. 21 2t • 21



Table V-4 (Continued)

WASTEWATER. CHARACTERIZATION SUMMARY
RAW WASTEWATER

ALL SUBCATEGORIES
TOXIC POLLUTANTS

------~----------.----.-.--~-~------------------------.----------~----------------~-------------------------TOTAL TOTAL ,..ER DETECTED CONCENTRATIONS IN UQ/L
....fR HUMBER SAMPLES

________ .w _____________________

COMPOUND S"LES DETECT· >.10UG/L MIN 10'1 MEDIAN MEAN toI IIAX

---.--------.----------.------------------------------------------.--------------.----.-~-----------------.-

2-NITROPHENOL 48 1 1 11 • 11 17 * 11
4-"ITROPHEHDL 48 0 0 • *2.4-DINITROPHENOl 48 0 0 · • · • ·4.&-DJHITRO-O-CRESOL 4& , 1 194 * 184 184 * 184
N-HITROSOOIMETHYLAMINE 41 0 0 · • · ., ·
N-NITROSODI~LAMINE 49 1 1 45 • 45 411 • 45
N-NITROSODI-N-PROPYLAMIHE 49 0 0 • •
PENTACHLOROPHENOL 48 0 0 · • · · • ·PHENOL 48 8 1 3 • 3 5 • 18
BIS(2-ETHYLHEXYL) PHTHALATE 49 It 12 3 3 8 18 44 82

I-' BUTYL BENZYL PHTHALAT£ 49 4 0 3 • 3 3 • 3
0 Ol-N-BUTYL PHTHAlATE 49 19 3 2 3 3 .. 8 11
I-' DI-N-OCTYL PHmHALATE 48 1 0 3 • 3 3 • 3

OIETHVl. PHTHALATE 49 U t 1 1 3 & 3 23
DIMETHYL PHTHALATE 49 1 0 3 • 3 3 • 3
BENZO(A)ANTHRACE~~ 48 0 0 · • · •BENZQ(A)PYRENE 49 7 2 t .. 3 24 • 14.
BENZO(B)FLUOR~ 49 0 0 · • · · * ·BENZQ(K)FLUORANTHENE 49 3 2 1 t: 4 8 • 11
CHRVSENE 48 0 0 · .. · •ACENAPHTHYLENE 49 t 1 9 .. 9 8 • I
ANTHRACENE 48 0 0 .. · · ..
BENZO(G.H.I)PERYLENE 49 7 1 1 • 3 & .. 10
FLUORENE 49 5 2 • .. 3 14 • 44
PHENANTHRENE 48 1 1 12 .. 12 12 .. 12
otBENZO(A.H)ANmHRACENE 4. Ii 0 3 .. 3 Ii • 10
INDENO(t,2.3-C,O)PYRENE 4. 4 0 3 .. 3 8 .. 10
PYRENE 4_ 8 2 t .. 3 - .. 25



Table V-4 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
RAW WASTEWATER

ALL SUBCATEGORIES
TOXIC POLLUTANTS

--------------------------.--.-.-+-----..--.--.----------~-------------~----------.~---------------~--.----.
TOTAL TOTAL MJM8ER DETECTED CONCENTRATIONS 1M UQ/L
NJMBER NUMBER SAMPLES ---------~---~---~------_._----

COMPOUND SAMPLES DETECT >10UG/L MIN 10S NfOIAH MfAH 80S MAX
----------..---------------------------------_._-------------------------------------------------------------
TETRACIt..OROETHYlENE 47 0 0 '* . • .
TOLUENE 47 18 10 2 2 11 18 40 45
TRICHLOROETH'fLENE 47 1 0 3 '* 3 3 • 3
VINYL a".OfUM 47 0 0 '* . • .
ALDRIN 45 1 0 8."0 • 8."0 8.40 '* 8.40
DIELDRIN 45 3 0 2.24 '* 2.24 2.28 • 2.30
OILORDANE 46 0 0 :II: •
4.4-DOT 45 0 0 :II: '"4.4-DOE 45 1 0 2.24 .. 2.24 2.24 '* 2.24

f-' ".4-DOD 45 1 0 2.24 '" 2.24 2.24 '* 2.24
0 EHDQSULfAN-ALPHA 45 3 0 0.10 ~ 1.11 1.52 '* 2.24
T\) fNDOSULfAN-BETA 45 2 0 2.24 '* 2.2. 2.24 '* 2.2.

ENDQSULfAN SULfATE 48 0 0 :II: '*ENORIH 48 0 0 . '* . '*ENDRIN ALDEHYDE 45 2 0 2.24 '* 2.24 2.24 '* 2.24
HEPTAafl...OR 45 2 0 2.24 • 2.24 2.24 • 2.24
HEPTACHLOR EPOXIDE 45 3 0 0.20 .. 1.22 1.56 *' 2.2"
BHe-ALPHA 45 5 0 1.10 '* 2.24 2.08 • 2.80
SHe-BETA 45 e 0 0.33 '* 1.40 1.47 '* 2.24
BHC (LINDANE) -GA*A 45 5 0 0.43 • 2.24 1.87 '" 2.24
BHC-OELTA 45 5 0 0.10 • , .23 1.41 '" 2.24
PCB-1242 (AROCHLOR 1242) 48 0 0 '* '*PCB-12S4 (AROCHLOR 1254) 48 0 0 • '*
PCB-t221 (AROOfLOR 1221) 48 0 0 *' '"PCB-1232 (AROCHLOR 1232) 48 0 0 '* • •
PCB-U4. (AROCKL.OR 1248) 48 0 0 '* •
PCB-12SO (AROOtLOR 1280) 48 0 0 '* •
pCB-l0,e (AROCtILOR 1018) 48 0 0 '* '"



Table V-4 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
RAW WASTEWATER

ALL SUBCATEGORIES
TOXIC POLLUTANTS

..___ ._w___________________. ______ ~______. ____________-~---~--~-~---~------------.-----.-.------------------
TOTAL TOTAL NUMBER DETECTED CONCENTRATIONS IN UG/L
NJM8ER NJM8ER SAMPLES -------------------------------

COMPOlNJ SAMPLES DETECT >10UG/L MIN 1~ MEDIAN MEAN lOll MAX
-------------------------.---------------------------~------~-------------------------------------~---------

TOXAPHENE 46 0 0 ., .,
2. 3. 7. 8-TETRACHlORODIIENZO-P-DIOXIH 49 0 0 • . $:

ANTHRACfNE/PHENANTHRENE 45 10 5 2 2 3 24 48 104
8ENZO(A)ANTHRACENE/CHRYSENE 19 8 2 1 .. 3 15 • 49
BENZO(3.4/K)FLUOR~HEN£ 18 3 1 3 ., 3 4 • 7
ANTIMONY (TOTAL) 103 45 22 t 2 7 40 117 235
ARSENIC (TOTAL) 104 49 28 2 2 38 345 883 8500
BERYLLIUM (TOTAL) 104 32 17 0 1 10 39 92 450
CADMIUM (TOTAL) 104 24 22 8 10 17 42 92 290.... CHROMJUM (TOTAL) 104 84 58 8 10 50 288 B08 7BOO

0 COPPER (TOTAL) 104 75 58 .. 8 20 429 1145 8500w CYANIDE (TOTAL) 57 3 0 2 .. .. 8 • 8
LEAD (TOTAL) 104 41 32 2 3 87 491 1000 &500
MERCURY (TOTAL) 104 "44 B 0.20 0.33 t.10 4.99 14.20 43.00
NIO(EL (TOTAL) 104 61 61 23 40 153 129 1210 10000
SELENIUM (TOTAL) 104 39 23 1 3 22 SB 213 450
SILVER (TOTAL) 104 32 20 4 5 13 18 31 84
THALLIUM (TOTAL) 104 21 12 1 1 8 28 88 184
ZINC (TOTAL) 104 91 88 7 1& 911 1408 2887 30000



Table V-4 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
RAW WASTEWATER.

ALL SUBCATEGORIES
CONVENTIONAL AND NONCONVENTIONAL POLLUTANTS

---------------------------------------------------------------------------._._-------~---------------~-------TOTAL TOTAL DETECTED aJNCUfTRATlDNS IN UIIIL
.....ER ....ER -------------------------------

CDIPOUND ~S DETECTS "IN t. _DUN -. 1ft IMX

-------------------------------------------------------------------------------------------------.----------
m:r~ SUSPENDED SDLIDS •• .7 soo .1570 S7BOO 1018E4 148OE4 24OOE5
PH (YellS) too too 2.4 3.8 7.5 8.1 8.2 8.4
IRON (TOTAL) t05 t04 11 208 2230 257578 88,.87 8000E3
MANGANESE (TOTAL) 103 84 3 25 1075 5180 12800 80000
ASBESTOS(TOTAL-FIBERS/LITER) 10 • 35OOE3 • 1090E8 '372E8 .. 4100£1
COD 57 52 40 8180 34000 tOO9E4 3094E4 2220£15
DISSOLVED SOLIDS 3. 3. 71000 t45000 730000 113OE3 2580£3 3200£3
TOTAL VOLATILE SOLl.OS 42 41 10000 43400 222187 8988E3 2484E4 1051E4..... VOLATILE SUSPENDED SOLIDS 28 22 1000 1080 4800 1418n 75tl82 2800E4

0 SETTLEABLE SOLiOS 85 53 0.0 0.0 0.1 128.8 378.1 1800.0J:= TOTAL ORGANIC CARBON lUI ... 280 12M 14U50 1322E3 3022E3 2847E4
FREE ACIDITY (CAC03) 8 ·8 19000 • 4tOOO 181500 • 740000
NO ALKALINITY (CAC03) 33 33 10 7887 1toooo 312425 07000 S400£3
PHENOLICS(4UP) &8 H 2 2 20 33 50 1515
SULFATE 8 8 130000 • &03333 85.513 • 153OE3
TOTAL ACIDITY (CAC03) 1 1 10500 • 10500 10500 • 10500
TOTAL SOLIDS 35 35 180000 3148!SO 1328E3 H81E3 Hl0£4 1100ES



evaluating common laboratory procedures. The analytical machines used
for these samples frequently have a significant degree of background
noise, often due to 60 Hz electrical frequencies and internal
electrical phenomena which on the readout can partially or totally
mask the signature of a compound. This level of noise is one factor
which is accounted for in the determination of the detection limit.
In most laboratory.analyses, the signatures of the desired compounds
that are partially masked can be identified by a skilled lab
technician. The concentration is thus reported as being detected, but
at less than the detection limit. For computational purposes, a
method for quantifying these detected values is needed. Thus, in the
accompanying tables, for values reported as "detected less than X,"
where X equals some detection limit, the value was calculated and
recorded on the table as 1/2 of X when X was less than 4 ug/l and as
the square root of X when X was greater than 4 ug/l.

Fifth, some values were too large to put in a column in decimal
notation; these are recorded in exponential notation with an "E" prior
to an integer number of zeros. For example, on the sixth page of
Table V-4 for the total suspended solids mean value, a level of 1016E4
is recorded. This should be interpreted as 10,160,000 ug/l.

Sixth, to accurately analyze the data, factors which could bias the
data should be minimized or eliminated. Two particular instances
should be noted. First, each piece of data is coded according to a
number of identifying parameters, one of which is its sample type
(e.g., raw wasteload, partially treated stream, final discharge). To
include multiple analyses of the same raw effluent source would be
redundant and introduce bias. Thus, for four facilities (00013,
00014, 00009, 00010), multiple raw effluent points were averaged for
each facility to yield one raw effluent data point per facility. A
second similar situation occurred when multiple samples were taken of
the same sample point over a period of. days. For instance, three days
of verification sampling of the same point were averaged to yield one
distinct data point before statistical calculations were performed.
This also avoids unnecessary bias.

Finally, three pairs of priority organic compounds cannot be
distinguished using GC/MS equipment. They are anthracene/
phenanthrene, benzo(a)anthracene/chrysene, and benzo(3,4)
fluoranthene/benzo(k)fluoranthene (abbreviated on the table as
benzo(3,4/k)fluoranthene). The dual compounds are reported prior to
the priority metals data as one concentration value for each pair.
The data for raw wastewater from coal mines for all proposed
subcategories are summarized in Table V-4. This table permits an
overview of the characterization of mine drainage. The following
subsections present sources and data on raw effluent for each proposed
subcategory.

Acid Mine Drainage

Formation of Acid Mine Drainage
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The ferric iron can also directly oxidize pyrite to produce more
ferrous iron and sulfuric acid as shown in equation 5.

( 3 )

( 4 )

( 2 )

(1)

Fe Z (SO.)3 + 6H zO~ 2Fe(OH)3 + 3H3=2S04

Fe Z (SO.)3 + 2H zO~ 2Fe(OH(S04)) + HzS0 4

Iron sulfide, or pyrite, is a common substance formed from mineral
sulfur. It is this sulfur-containing compound that is a precursor to
acid mine drainage. As water drains across or percolates through
pyritic material, in the presence of oxygen, the formation of acid
drainage occurs in two steps (13, 12). The products of the first step
are ferrous iron and sulfuric acid as shown in equation 1.

The reaction may proceed to form ferric hydroxide or basic ferric
sulfate as shown in equations 3 and 4 respectively.

FeSz + 14 Fe+ 3 + 8H zO~ 15 Fe+ 2 + 2S04- 2 + 16H+ (5)

Thus, the oxidation of one mole of iron pyrite yields two moles of
sulfuric acid. As the pH of the pyritic systems decreases below five,
certain acidophilic, chemoautotrophic bacteria become active. These
bacteria, Thiobacillus ferroxidans, Ferrobacillus ferroxidans,
Metallogenium, and species are active at pH 2.0 to 4.5 and useCOz as
their source (20). These bacteria are responsible for the oxidation
of ferrous iron to the ferric state, the rate limiting step in the
oxidation of pyrite. Their presence is generally an indication of
rapid pyrite oxidation and is accompanied by waters low in pH and high
in iron, manganese, and total dissolved solids. The acid formed from
these reactions is an effective extraction agent, causing trace
elements to be leached and dissolved into solution. The solubilities
of these substances, mostly heavy metals, are very sensitive to
changes in pH. This is illustrated in Figure V-1. The data on this
figure are derived from an experimental study of acid .mine drainage
(7). Acid drainage can be readily formed by rainfall upon either a
coal storage or a refuse pile. These wastewaters can be high in
certain metals concentration, especially after a substantial rainfall
event (12). Also, acid waters can be formed in underground mines and
aquifers if sufficient air is present to permit oxidation of pyritic
materials in either the coal seam or adjacent strata. The leaching
process is promoted by a long contact time for water and the sulfur
containing material.

Characteristics of Acid Mine Drainage

The ferrous iron (Fe+2) then undergoes oxidation to the ferric state
(Fe+ 3 ) as shown in equation 2.
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Source: (7)
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Figure V-l
CONCENTRATIONS OF CERTAIN ELEMENTS AS A FUNCTiON OF pH
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The principal pollutants in surface water from mines exhibiting acid
mine drainage include suspended and dissolved solids, pH, and certain
metal species. Causes for the formation of low pH and high metals
concentrations have just been discussed. In general, the problem of
acid mine drainage is confined to western Maryland, northern West
Virginia, Pennsylvania, Ohio, western Kentucky, and along the Illinois
- Indiana border. Acid drainage is not serious in the West because
the coals and overburden contain little pyrite and because the amount
of infiltration into spoils is low due to low rainfall (16, 15).
Suspended solids result from erosion of scarified areas, where
vegetation has been removed. The level of sediment concentration in
runoff is a function of the following:

1. Slope of the area
2. Residual vegetation
3. Soil type
4. Surface texture
5. Drainage area
6. Precipitation intensity and duration
7. Existing soil moisture
8. Particle or aggregate size.

The number and interaction of these variables render wide variations
in raw wastewater from day to day in anyone mine, and from mine to
mine in a given region.

Dissolved solids can r~sult from infiltration of precipitation that
leaches through spoil and coal piles. Acid leaching of soil and coal,
and ion exchange reactions of runoff and soil also cause the formation
of this pollutant. Calcium, magnesium, and sodium are the principal
dissolved materials in surface runoff. The factors affecting the
quantity of wastewater generated by a surface mine include:

1. Frequency, intensity, and duration of precipitation and snowmelt
events

2. The number, porosity and water content of any aquifers above or
including the coal seam that are mined through or breached

3. Drainage area
4. Soil porosity
5. Pump capacity and rate
6. Evaporation rate
7. Watershed slope and flow length.

Groundwater is the primary source of drainage from underground mining
sites. Underground operations in or below aquifers can cause
localized decline of the water table, changes in flow direction and
possible changes in flow rate (16). Lowering of water levels may
cause wells or springs in the vicinity to dry up. Fracturing as a
result of subsidence may similarly alter groundwater flow. In
addition, the presence of subsidence fractures and depressions at the
surface may increase groundwater recharge in the vicinity of the mine
(17). Underground mining may also cause degradation of groundwater
quality. Flow of groundwater through a mine with acid forming
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potential may result in leaching of soluble materials including trace
metals and other ions that will cause an increase in dissolved solids
content and may contaminate groundwater supplies.

During the screening phase, facilities 00005, 00012, 00017, 00018, and
00021 through 00024 were sampled. For facility 00012, drainage from
inactive mine areas was the source of acid drainage. Verification
sampling was conducted at mines 00198, 00021, 00023, 00188 through
00190, and 00197. Descriptions of the above facilities and treatment
process schematics, including sampling points, can be found in
Appendix F of the Proposed Coal Mining Development Document (EPA
440/1-Bl/057-b). Engineering site visits were conducted at mines
00035, 00038, and 00195. Data for toxic pollutants, and conventional
and nonconventional pollutants in untreated acid mine drainage appear
in Table V-5. As can be seen from the table, organics concentrations
are very low from these mining operations. In contrast, conventional
and toxic metals concentrations are often quite substantial. All raw
data are contained in Appendix B of the Proposed Coal Mining
Development Document (EPA 440/1-Bl/057-b).

Alkaline~ Drainage

The discussion on sediment concentrations and wastewater quantity in
the acid mine drainage subsection is also applicable to alkaline mine
drainage and will not be repeated here. Facilities 00001, 00002,
00003, 00004, 00006, 00007, 00011, 00013, 00014, 00015, 00016, 00019,
00020, and 00025 were sampled during the screening phase. During
verification sampling, mines 00011, 00018, and 00025 were revisited
and mines 00009 and 00010 were sampled for the first time. Mine 00018
is also listed under acid mines during the screening phase because it
possesses both acid raw effluents and alkaline raw effluents. These
samples were appropriately divided and recorded on the proper table.
Descriptions of the above facilities and treatment schematics,·
including sampling points, can be found in Appendix F of the Proposed
Coal Mining Development Document (EPA 440/1-81/057-b). Mines 00009,
00032/ 00033, 00034, 00036, 00037, 00103, 00107, 00193, 00194, and
00196 were sampled during the engineering site visits. EPA Region 8
sampled mines 00029 and 00030. EPA Region 4 sampled facility 00031.
Data for toxic pollutants and conventional and nonconventional
pollutants from all these sources are summarized in Table V-6. As
shown on the table, organics concentrations and metals concentrations
are both very low. Further, conventional pollutants with the
exception of TSS are very low. The raw data are contained in Appendix
B of the Proposed Coal Mining Development Document.

Preparation Plants

Wastewater is generated in a coal preparation plant from the coal
cleaning process. Flow rates vary widely depending upon certain
factors such as the degree of cleaning, the equipment or processes
used, and the characteristics of the run-of-mine coal. Each of these
factors was discussed in detail in Section IV. Physical coal cleaning
removes impurities from coal via a mechanical separation process. In
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Table V-5

WASTEWATER CHARACTERIZATION SUMMARY
RAW WASTEWATER

SUBCATEGORY ACID DRAINAGE HINES
TOXIC POLLUTANTS

------------------------------------------------------_____________ w ___ ~ ___ • ______________ • _______ ~ __ ~______

TOTAL TOTAL .....ER DETECTED CONCENTRATIONS IN UG/L
NUMBER ....ER SAMPLES

CCJWtOUND SAMPLES DETECT >10UG/L NIN 101 MEDIAN MEAN 80Ic MAX
-----------------------------------------------------------------------.----------------------------------~-

ACENAPHTHENE 11 0 0 • •ACROLEIN 18 0 0 • •ACRYLONITRILE 18 0 0 . * . . * .
BENZENE f8 8 4 2 • f8 20 * 40
BENZIDENE 17 0 0 *

,.
CARBON TETRACHLORIDE 18 0 0 *

,.
OflOROBENZENE 18 0 0 • •1,2.3-TRtOHLOROBENZENE 17 0 0 *

,.
HEXACHLORDBENZENE 17 0 0 *

,.
1.2-DtCHlOROETHANE 18 0 0 *

,.
..... 1. 1. 1-TRICHLOROETHANE 18 0 0 • *'.....
0 HEXACHLOROETHANE 17 0 0 * *'1.1-DICHLDROETHANE 18 0 0 * *'

1.1.2-TRICHLOROE~ 18 0 0 • *t,t.2,2-TETRACHLORDETiHANE 18 0 0 • •OLOROETHANE 18 0 0 * •
BIS(CHLORQMETHYL) ETHER 18 0 0 • •BIS(2-CHLOROETHYL) ETHER 17 0 0 ,. •2-CHLOROETHYL VINYL ETHER (NIXED) 1B 0 0 *' *'2-CHLORONAPHTHALENE 17 0 0 * *'2,4,B-TRICHLDROPHENDL 14 0 0 *' *'PARAOHLOROMETA CRESOL 14 0 0 . • . *' .
OiLOROFORM 18 8 9 18 • 34 tOt • 442
2 -CHlOROPHENOL 14 0 0 *' •
1.2-DICHlOROBENZENE 17 0 0 .,

*'.,3-DICHLOROBENZENE 17 0 0 * •
1,4-DICHLOR08~ENE 17 0 0 • •
3,3-DICHLOROBENZIDINE 18 0 0 • .,



Table V-5 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
RAW WASTEWATER

SUBCATEGORY ACID DRAINAGE MINES
TOXIC POLLUTANTS

__ ._~ ________ M_. __._._________. ____. ___________•______------------.-~--.~--~-------------~-------------.----
TOTAL TOTAL NUMBER DETECTED CONCENTRATIONS IN UG/L
NJN8£R MJM8£R SAMPt..£S

COMPOUND SAMPLES DETECT >10UG/L MIN 10S MEDIAN MEAN 80s MAX
_________ w ___________________ • _________________ ~ ______----------------------------------.-~-----------------

t,1-DICHlOROETHYLENE 18 0 0 · • · · * ·
1.2-TRANS-DICHLOROE~LENE 18 1 0 10 • 10 to • 10
2.4-DICHLOROPHENOL 14 0 0 • •
1.2-DICHlORQPRQPANE 18 0 0 • •t.3-DICHlOROPROPENE 18 0 0 • •2.4-DIMETHYLPHENOL 14 0 0 • •2.4-DINITROTOLUENE 17 0 0 • •
2.8-DINITRQTOLUENE 17 0 0 • •
1.2-DIPHENYlHYDRAZINE 17 0 0 · • · · • ·ETHYLBENZENE 17 2 0 2 • 2 3 * 4

...... FLUORANTHENE 17 0 0 • *...... 4-CHlOROPHENYL PHENYL ETHER 17 0 0 • *...... 4-BROMDPHENYL PHENYL ETHER 17 0 0 .,
*BIS(2-CHlOROISOPROPYL) ETHER 17 0 0 • •

BIS(2-QlLOROETtIlXY) METHANE 17 0 0 · ., · • ·METHYLENE CHLORIDE (DICHLORQMETHANE) 18 18 115 7 10 487 115M 3104 11180
METHYL CHLORIDE 18 0 0 • •
METHYL BROMIDE 18 0 0 • •
BROMOFORM 18 0 0 ., •
DICHLOROBROMOMETHAN£ 18 0 0 • •TRICHLORQFLUORQMETHANE 18 0 0 • *DIOHLORODIFLUORQMETHANE 18 0 0 * *CHLORDDIBROMOMETHANE 18 0 0 • *HEXACHLOROBUTADIENE 17 0 0 • •
HEXACHLOROCYClOPENTADIENE 17 0 0 • •
ISDPHORONE 17 0 0 • · · * ·NAPHTHALENE 17 3 1 2 .. 4 • * to
NITROBENZENE 17 0 0 • *



Table V-5 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
RAW WASTEWATER

SUBCATEGORY ACID DRAINAGE MINES
TOXIC POLLUTANTS

___,___ ~__4_~____________ ~ ________________ • ____ • ____ ~ ____ ~ ____ • _______ • _____________________________ • ________

TOTAL TOTAL tueER DETECTED CONCENTRATIONS IN UG/L
,...ER ....ER SAMPLES

c:...eutD SAliPLES DETECT >IOUG/L MIN 1M MEDIAN MEAN 80s MAX
-----.------------------------------~------------------~~-----------~-----~-----~---------------------------

2-NITRDPHENOL 14 0 0 • '*4-NlTROPHENlL 14 0 0 '* '*2,4-DJNITROPHENOL 14 0 0 '* •
4.8-DfNITRO-O-CRESOL 14 0 0 '* •
N-NITROSODIME~LAMINE 17 0 0 • '*H-NITROSODIPHENY'LAMINE 17 0 0 • '*N-NITROSODI-N-PROPYLAMINE 17 0 0 • '*P£NTACH\.OROPH£NDL 14 0 0 * '*PHENOL 14 0 0 · '* · · • ·.... BIS( 2-ETHYLHEXYL) PIf11tALATE 17 10 8 3 3 10 21 .8 82

I-' BUTYL BENZYL PH11tALATE 17 0 0 · • · · • ·I'\) DI-N-BUTYL PHTHALATE 17 8 3 2 • 3 8 '* 11
DI-N-OCTYL PHTHALATE 17 0 0 '* · · '* ·DtETK\'L PKrnALATE 17 5 1 1 '* 2 8 '* 23
DIMETHYL PHTHALATE 17 0 0 '* •
BENZO(A}ANTHRACENE 14 0 0 · '* · · '* ·BENZO(A}PYRENE 17 3 0 1 '* 1 1 '* 2
BENZO(B)fLUORANTHENE 17 0 0 '* · · '* ·BENZO( K}FLUORAHTHENE 17 3 2 1 '* 4 8 '* 11
otlYSENE 14 0 0 '* '*ACENAPHTHYLENE 17 0 0 '* '*ANTHRACENE 14 0 0 · '* · · '* ·BENZO(G.H.l)PERYLENE 17 3 0 I '* 4 8 '* 10
fLUORENE 17 1 0 1 '* 1 1 • 1
PHENANTHRENE 14 1 1 12 '* 12 12 ., 12
DIBENZO(A.H}ANTHRACENE 17 2 0 e '* B • .. 10
lNOEND(1,2.3-C.D)PYRENE 17 2 0 7 • 7 • • 10
PYRENE 17 1 0 t '* 1 1 '* 1



Table V-5 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
RAW WASTEWATER

SUBCATEGORY ACID DRAINAGE MINES
TOXIC POLLUTANTS

------~-------------------------------------~---------------------------------------------------------------TOTAL TOTAL NJM8ER DETECTED CONCENTRATIONS IN UG/L
NUMBER MJMBER SAMPLES

COMPOUND SAMPLES DETECT >10UG/L MIN 1M MEDIAN MEAN 901. MAX
---------.-----------------------------------------------.--------------------------------------------------

TETRACHLOROETHYLENE 18 0 0 . .. . ..
TOLUENE 18 7 4 2 • 10 15 • 45
TRICHLOROETHYLENE 18 0 0 • •VINYL CHLORIDE 18 0 0 • •
ALDRIN 14 0 0 • •
DIELDRIN 14 0 0 • •
CHLORDANE 14 0 0 .. ..
4.4-DDT 14 0 0 .. ..
4.4-0DE 14 0 0 • ..

f-' 4,4-DDD 14 0 0 .. •
f-' ENDOSULFAN-ALPHA 14 0 0 • •w ENDOSULFAN-BETA 14 0 0 • ..

ENOOSULFAN SULFATE t4 0 0 • •ENORtH 14 0 0 • •
ENORIN ALDEHYDE 14 0 0 • •
HEPTACHLOR 14 1 0 2.24 • 2.24 2.24 • 2.24
HEPTACHLOR EPQXIDE 14 0 0 . .. . •
BHC-ALPHA 14 1 0 2.24 .. 2.24 2.24 • 2.24
BHe-BETA 14 1 0 2.24 .. 2.24 2.24 .. 2.24
BHe (LINOANE)-GAMMA 14 0 0 . .. . . ..
SHe-DELTA 14 t 0 2.24 .. 2.24 2.24 .. 2.24
PCB-1242 (AROCHLOR 1242) 14 0 0 .. ..
PCB-1254 (AROCHLOR 1254) 14 0 0 .. ..
PCB-1221 (AROCHLOR 1221 ) 14 0 0 • ,.
PCB-1232 (AROQHLOR 1232) 14 0 0 .. ,.
PCB-1248 (AROCHLOR 1248) 14 0 0 • ..
PCB-1280 (ARQCHlOR 1280) 14 0 0 • ..
PCB-t01S (AROOHLOR 1018) 14 0 0 • ..



Table V-5 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
RAW WASTEWATER

SUBCATEGORY ACID DRAINAGE MINES
TOXIC POLLUTANTS

---------------------------------------------------------------~---.--~-------------------------------------TOTAL TOTAl ,...ER DETECTED CONCENTRATIONS IN UG/L
N.MIER NJMBfR SAMPLES

COMPOUND SAJFLES DETECT >IOUG/L MIN lOll MEDIAN MEAN lOll MAX
-----------~-----.-.----~-----------------------------------------------------------.-._-----------------._.

TOXAPHENE 14 0 0 • .,
2,3,7,8-TETRACHLORODIBE~-P-DIOXIN 17 0 0 * · * .
ANTHRACENE/PHENANTHRENE 14 3 2 2 ., 8 15 • 28
8£NZO(A)ANTHRACENE/CHRYSENE 5 1 0 1 ., 1 1 .. 1
8ENZO(3,4/K)fLUORANTHENE 2 0 0 • · • .
ANTIMONY (TOTAL) 22 I 1 1 • 2 5 • 28
ARSENIC (TOTAL.) 23 13 8 2 2 23 81 181 &10
BERYLLltM (TOTAL) 23 7 4 7 * 12 18 • 34
CADfIIIltM (TOTAt ) 23 3 2 10 • 11 40 • 88

I-' CHROMllM (TOTAL) 23 11 11 14 14 47 128 177 780...... COPPER. (TOTAL) 23 17 11 & 7 21 133 174 1210~ CYANIDE (TOTAL) 18 0 0 . • · . *LEAD (TOTAL) 23 8 5 8 • 27 147 ., 40S
MERCURY (TOTAL) 23 12 0 0.40 0.48 t.30 1.73 3.14 4.10
NICKEL (TOTAL) 23 13 13 23 21 125 488 1000 2020
SELENIUM (TOTAL) 23 12 7 2 2 17 25 55 59
SILVER (TOTAL) 23 10 7 .. .. 11 14 28 31
THALLI'" (TOTAL) 23 1 2 1 ., 1 4 ., 14
ZINC (TOTAL) 23 21 21 11 21 420 132 220B 8820



Table V-5 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
RAW WASTEWATER

SUBCATEGORY ACID DRAINAGE HINES
CONVENTIONAL AND NONCONVENTIONAL POLLUTANTS

DETECTED CONCENTRATIONS IN UQ/LTOTAL
....ER
SAliFLES

NJMIER
TOTAL
DETECTS MIN 10S MEOUN MEAN 1M

TOTAL SUSPENDED SOLIDS 23 22 9.00 11040 85000 1033E4 28e4E3 2180£1
PH (....ITS) 25 25 2.5 3.2 5 •• 5.8 7 .• •••IRON (TOTAL) 23 23 11 588 12387 191222 217500 2790£3
MANGANESE (TOTAL) 23 22 22 283 4300 8323 12400 83000
ASBESTOS(TOTAL-fIBERS/lITER) 2 1 35OOE3 * 3&ODE3 3500£3 ,. 3500£3
COD 18 111 5100 1050 43150 8027£3 9t'.'9 1800£4
DISSOLVED SOUOS 14 14 71000 71800 45DOOO 855782 1537E3 2130£3.... ToTAL VOLATILE SOLIDS t1 t1 30000 31200 320250 5t2818 1252E3 1400E3..... VOLATILE SUSPENDED SOLIDS 1 8 1400 .. 4000 153100 .. 880000

\Jl SETTLEABLE SOLIDS 13 9 0.0 * 1.0 70.1 • Boo.O
TOTAl ORGANIC CARBON 18 17 280 430 8150 289S21 , ••200 4410E3
fREE ACIDITY (CAC03) 5 & 18000 * 34500 89.00 • 180000
NO ALKALINITY (CAC03) 9 8 10 * 39000 54890 * 120000
PHENDUCS( 4AAP) II t 8 .. • 8 .. •SULFATE 7 7 130000 • '78333 109524 • 1130£3
TOTAL SOLIDS 11 11 370000 378000 3600E3 3739E3 8740E3 8200E3



Table V-6

WASTEWATER CHARACTERIZATION SUMMARY
RAW WASTEWATER

SUBCATEGORY ALKALINE DRAINAGE MINES
TOXIC POLLUTANTS

----------------------------------------------------------.----------.----~----------------------------.--.-TOTAL TOTAl ....ER DETECTED CONCENTRATICIfS IN UGI/L
.....ER .....ER SAMPLES

aM»OUND SAMPLES DETECT >1OUD/L MIN 101 MEDIAN MEAN 101 JW(

-------------------------------------------------------------------------------~----------------------------

ACENAPHTHENE 21 0 0 '* '*ACROLEIN 20 0 0 '* '*ACRYLONITRILE 20 0 0 · '* · '* ·BENZENE 20· 3 1 3 '* 3 28 '" 73
BENZIDENE 21 0 0 '* '*CARBON TETRAClLORIDE 20 0 0 '* '*aLOROBENZENE 19 0 0 '* '*1.2.3-TRICHLOROBENZENE 21 0 0 '* '*HEXAaLOROBENZENE 21 0 0 '* '*1.2-DICHLOROETHANE 20 0 0 · '* · · '* ·...... 1.1. i-TRICHlOROETHANE 20 2 0 3 '* 3 3 '* 3......
HEXAOtLOROE~E 21 0 0 '" '*0\ 1.1-DICHLOROETHANE 20 0 0 '* '*
1.1.2-TRICHlOROE~ 20 0 0 '* '*1.1.2.2-TETRACHLOAOE~ 20 0 .a '* '*QLOROETHANE 20 0 0 '* '*BIS(CHLOROMETHYL) ETHER 20 0 0 '* •8IS(2-QlLOROETHYL) ETHER 21 0 0 '* '*2-CHlOROETHYL VINYL ETHER (NIXED) '20 0 0 '* '*2-CHLORONAPHTHALENE 21 0 0 '* '*2.4.e-TRICHlOROPHENOL 21 0 0 • '*PARAOILOROM£TA CRESOL 21 0 0 · '* · · '* ·CHLOROFORM 20 12 10 3 8 32 78 128 48.
2-OILOROPHENOl. 21 0 0 · '* · · '" ·1.2-DICHLOROBENZENE 21 2 1 3 '" 3 it • 1.
1.3-0ICHLOROBENZENE 21 0 0 · '* · · '* ·1.4-DIOILOROBENZENE 21 1 0 3 '" 3 3 '" 3
3,3-0ICHLOROBENZIDINE 21 0 0 '* • '*



Table V-6 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
RAW WASTEWATER

SUBCATEGORY ALKALINE DRAINAGE HINES
TOXIC POLLUTANTS

---~.----------------~----------~~--------~--------~----~-------------_._-------~--_ .._--.-------_._---~-----
TOTAL TOTAL NUMBER DETECTED CONCENTRATIONS IN UG/L
NUMBER NJM8ER SAIFUS

COMPOtJN) SNiPUS DETECT >~OUQ/L MIN tal MEDIAN MEAN 10'1 MAX
------------------~---------_._---------~--_._-----------------~-------------------------------------._._----

t.t-DICHLOROETHYLENE 20 3 0 3 .. 3 a • a
1.2·TRANS-DIOILOROETHYLENE 20 0 0 .. ..
2.4-DICHLOROPHENOL 21 0 0 • •
1.2-DICHLOROPROPANE 20 ·0 0 '" '"t.3-DICHLORDPROPENE 20 0 0 .. ..
2.4-DIMETHYLPHENOL 21 0 0 • ..
2,4-DINITROTOLUENE 21 0 0 0- •
2.8-DINITROTOLUENE 21 0 0 '" '"1.2·DIPHENY~DRAZINE 2t 0 0 · .. · · '" ·l-' ETHYL8ENZENE 20 t • H .. ff tf .- ttl-'

~ FLUORANTHENE 21 0 0 '" ..
4-CHLOROPHENYL PHENYL ETHER 21 0 0 '" '"4-BROMOPHENYL PHENYL ETHER 21 0 0 '" •
BIS(2-CHLOROISOPROPYL) ETHER 21 0 0 .. ..
BIS(2-CHLOROETHOXY) METHANE 2t 0 0 · • · · • ·METHYLENE CHLORIDE (DtotLOROMETHANE) 20 18 13 3 3 &33 11&2 2413 .184
METHYL CHLORIDE 20 0 0 '" •
METHYL BROMIDE 20 0 0 • *BROMOFORM 20 0 0 .. •
DICHLORQBROMOMETHANE 20 0 0 '" •
TRICHLOROfLUOROMETHANE 20 0 0 '" ..
DICHLORODIFLUOROMETHANE 20 0 0 .. •
CHlORQDIBROMQMETHANE 20 0 0 .. •
HEXACHLOROBUTAOIENE 21 0 0 * •
HEXACHLDROCYCLOPENTADIENE 2t 0 0 * •
ISOPHORONE 21 0 0 · ... · · .. ·NAPHTHALENE 2. f f It ... tf U • ff
NITROBENZENE 2f 0 0 ... *



Table V-6 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
RAW WASTEWATER

SUBCATEGORY ALKALINE DRAINAGE MINES
TOXIC POLLUTANTS

-.--.-------.-~-.--.-------------------------------------------------------~------------------------------.-TOTAL TOTAL ....ER DETECTED COHCENI'RATICINS IN UQ/l
....0 ....0 SMPLES

aMtOUND u.LES DETECT >IOUG1L IUN 101 _DIAN IlEAN d MAX

--------------~-------------------------.----------~-~---------------------------.--------------------------

TETRACHLOROETHYLEIE 20 0 0 . • . . • .
TOLUENE 20 3 3 11 • 21 30 • •TRlaLOROE1HYLENE 20 0 0 • •
VINYL ctLORlDE 20 0 0 • •
ALDRIN 21 0 0 • •
DIELDRIN 21 0 0 • •
atLORDNE 21 0 0 • •
4.4-DDT 21 0 0 • •
4.4-1J1:J£ 21 0 0 • •.... 4.4-DDD 21 0 0 • •.... EMXISULFAH-ALPHA 21 0 0 • •(» ENDOSULFAN-BETA 21 0 0 • •
ENDOSULFAH SULFATE 21 0 0 • •
ENDRIN 21 0 0 • •
ENDRIN ALDEHYDE 21 0 0 • •
HEPTAtH.OR 21 0 0 • •
HEPTAatLOR !POXIDE 21 0 0 . • . . • .
BHC-ALPHA. 21 1 0 1.10 • t.tO 1.10 • 1.10
lHe-BETA 2t t 0 0.40 • 0.40 0.40 * 0.40
BHC (LINDANE)-GAIeIA 21 2 0 2.24 • 2.24 2.24 • 2.24
BHC-DELTA 21 0 0 • •
PCB-t242 (AROCHLOR 1242) 2t 0 0 • •PCB-t2S4 (AROOtLOR 1254) 21 0 0 • •
PCB-t22t (AROOLQR 122t) 2t 0 0 • •
PCB-U32 (AROCK.OR 1232) 2t 0 0 * •
PCB-1248 (AROaLOR 1248) 21 0 0 • •
PCB- t280 (AROCHLOR 1280) 2t 0 0 • •
PCB-tOI. (ARDCH.OR 1018) 2t 0 0 • •



Table V-6 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
RAW WASTEWATER.

SUBCATEGORY ALKALINE DRAINAGE MINES
TOXIC POLLUTANTS

---------------------------.-----------------------------------------------~~.--_.-------------.-~.---------TOTAL TOTAL NUMBER DETECTED CONCENTRATIONS IN UG/L
NUMBER t«JM8£R SAMPLES

COMPOUND SAMPLES DETECT >10UG/L MIN tQS MEDIAN MEAN 80s MAX
------------------------------------------~-.---------w _________.___ ~ __ ~~ __ ~ ________________________________

2-NITROPHENQL 21 0- 0- • •4-NITROPHEMJL 2t 0 0 • *2,4-DINITROPHENOL 21 0- 0 • •4.8-DINITRO-O-CRESOL 21 0- Q * •N-NITROSOo-IMETHYLAMINE 21 0 0- * •N-NITROSODIPHENYLAMINE 21 0- 0- *' ..
N-NITROSODI-N-PROPYLAMINE 21 0 0 * •PENTACHLOROPHENOL 21 0 0 · *' · · • ·PHENOL 21 2 0- 3 • 3 3 • 3..... BIS(2-ETHYLHEXYL) PHTHALATE 21 4 1 3 *' 3 8 • 14..... BUTYL BENZYL PHTHALATE 21 1 0- 3 * 3 :I * 3\0 Dt-N-BUTYL PHTHALATE 21 e 0 3 • 3 3 • 3
DI-N-OCTYL PHTHALATE 21 0- 0- · *' · · • ·DIETHYL PHTHALATE 21 2 0- 3 *' 3 3 • 3
DIMETHYL PHTHALATE 21 0 0- *' *'BENZO(A)ANTHRACEttE 21 0 0- *' •BENZO(A)PYRENE 21 0- 0 *' •
BENZO(B)FLUORANTHENE 21 0 0- • *BENZO(K)FLUQRANTHENE 21 0- 0 .. •
CHRYSENE 21 0- 0 .. •ACENAPtfTHYLENE 21 0 0 .. ..
ANTHRACENE 21 0- 0 · *' · · • ·BENZO(G,H.I)PERYLENE 21 1 0- 3 *' 3 3 • 3
FLUORENE 21 0 0 .. .,
PHENANTHRENE

.
21 0- 0 .,· • · · ·DIBENZO(A.H)ANTHRACENE 21 1 0 3 • 3 3 .. a

JNDENO(1.2,3-C,D)PYRENE 2t 1 0- 3 * 3 3 * 3
PYRENE 2t 0 0 .. *



Table V-6 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
RAW WASTEWATER

SUBCATEGORY ALKALINE DRAINAGE HINES
TOXIC POLLUTANTS

-.--------------------------~---------.------.--------------------------------------------~~-------~-.------
TOTAL TOTAL ..-ER DETECTED CONCENTRATIONS IN lJO/L
NUMBER ....ER S~LES

COMPOUND S.u.LES DETECT >10UG/L NIH 101 MEbIAN MEAN 1M MAX__._________________________________________.a_.______-------------------------------~--------------~~------
TOXAPHENE 21 0 0 • .,
2. 3.7. I-TETRACHLDRODIBENZD-P-DIOXIN 21 0 0 . ., . * .
ANTHRACENE/ptEHANTI«ENE 20 1 0 3 * 3 3 * 3
8ENZO(A)~/a-YSENE 7 0 0 * *BENZO( 3.elK) FLUORANTHENE 7 0 0 * . ., .
ANTIMONY (TOTAL) 44 14 4 1 1 3 7 18 27
ARSENIC (TOTAL) 44 18 2 2 2 4 t1 21 72
IERYLLIIM (TOTAL) 44 .. 0 0 * 1 1 ., 2
CADMI.... (TOTAL) 44 8 5 8 ., 15 14 ., 21...... CHRQMIlM (TOTAL) 44 23 21 8 • 31 43 85 101I'\)

0 COPPER (TOTAL) 44 24 12 4 !l 10 13 28 42
CYANIDE (TOTAL) 2. 3 0 2 ., 4 . 8 • 8
LEAD (TOTAL) 44 15 I 2 2 15 33 80 14
MERCURY (TOTAL) 44 20 1 0.27 0.30 0.&5 1.47 1.17 13.00
NICKEL (TOTAL) 44 13 13 30 30 82 18 170 385
SELENI... (TOTAL) 44 U 2 2 2 3 20 23 180
SILVER (TOTAL) " • IS to • 13 14 • 22
THALLI'" (TOTAL) ·44 7 2 1 • 2 8 • 23
ZINC (TOTAL) 44 3!1 32 7 11 10 ., 133 1100



------------------------------------
Table V-6 (Continued)

WASTEWATER. CHARACTERIZATION SUMMARY
RAW WASTEWATER

SUBCATEGORY ALKALINE DRAINAGE MINES
CONVENTIONAL AND NONCONVENTIONAL POLLUTANTS

---------------------------------------------------------------------------------------------------------TOTAL IUl8ER DETECTED CONCENTRATIONS IN UG/L
IUl8ER TOTAL -------------------------------ClR'OLMl SAMPLES DETECTS 'UN 101 MEDIAN .AN tOI MAll

--------------------------------------------------------------------------------------------------------
TOTAL 5USPENOED SOLIOS 40 40 500 1800 18400 808711 201111 871000
PH (UNITS) 40 40 8.3 7.0 7.8 7.8 8.3 1.4
1_ (TOTAL) 44 43 11 113 384 1842 2710 31040
IlANGANESE (TOTAL) 43 35 3 8 142 1128 123 7000
ASBESTOS(TOTAL-FIBERS/LITER) 7 7 33OOE4 • I01OE8 1132E7 • 4100£7
COD 28 28 40 7000 17200 158820 81887 3280E3
OISSOLVED SOLIDS 18 18 85000 203200 880000 1315E3 2940£3 3200E3
TOTAL VOLATILE SOLIOS 20 II 10000 51700 138500 37B5E3 881588 8700E4

...... VOLATILE SUSPENDED SOLIDS 15 10 1000 1000 2800 24280 12000 200000
I\.l SETTLEABLE SOLIDS 24 20 0.0 0.0 0.1 11.0 10.0 1800.0...... TOTAL ORGANIC CARBON 27 22 5533 8800 10833 32770 57407 133000

NO ALKALINITY (CAC03) 17 17 40000 82000 215000 3313113 583000 800000
PHENOLlCS(4AAP) 27 8 2 • 18 18 • 40
TOTAL ACIDITY (CAC03) 1 1 10!100 • 10500 10500 • 10!100
TOTAL SOLIDS 18 18 280000 2118000 120000 1188E4 3212E3 I1OOE5



most cleaning operations, this separation of impurities is based on a
specific gravity difference between less dense coal and heavier
contaminants such as sulfur, ash, and rock. Sulfur occurs in a coal
seam in three forms: as pyrites, in organic compounds, and as
sulfate. In coal, the sulfur contribution from sulfate is almost
always negligible. The total sulfur content may vary from less than
one percent to over eight percent; most bituminous coals are in the
two to five percent range.

The total sulfur content distribution between the organic and pyritic
forms ranges from 5 to 60 percent and 40 to 95 percent, respectively.
Organic sulfur in coal is chemically bound and requires a chemical
extraction process for removal; physical coal cleaning is restricted
to removal of ash, refuse, and the pyritic sulfur (FeS 2 ) from coal.
In the physical cleaning processes, water is most often used to assist
in the removal of unwanted components. The water consumption and
usage in a preparation plant was discussed in the previous section.
Effluents are most often laden with suspended coal and refuse fines.
This slurry is generally dewatered by mechanical or thermal drying
equipment internal to the preparation plant, with the water recycled
and the partially dewatered, solids-laden slurry discharged to a
dewatering and slurry treatment system. Clarified water from this
section can often be recycled to the preparation plant to reduce
makeup water needs as well as lessen the quantity of final discharge
to a receiving stream.

Facilities 00003 through 00005, 00007, 00008, 00011 through 00014,
00017, 00019 through 00022, 00024, and 00025 were sampled during the
screening phase of sampling. During verification, preparation plants
00011, 00021 and 00025 were revisited and sampled and facilities 00018
and 00023 were sampled for the first time. Engineering site visits
were conducted at preparation plants 00032 through 00035. Analytical
results of the untreated wastewater for each of these facilities are
summarized on Table V-7, with the raw data in Appendix B of the
Proposed Coal Mining Development Document (EPA 440/1-81/057-b). The
flow charts and a description for each facility may be found in
Appendix F in the Proposed Coal Mining Development. The high metals
concentrations are the result of coal and refuse fines found in a
preparation process slurry effluent. The suspended solids levels in
some of these slurries can be quite high if no fines recovery or
removal is practiced.

Preparation Plant Associated Areas

The principal source of drainage in preparation plant associated areas
is precipitation-induced runoff. Three areas generating drainage can
be delineated as follows: 1. Coal storage piles 2. Refuse piles 3.
Other disturbed areas.

Coal Storage Piles

The quantity and quality of wastewater generated by drainage through a
coal storage pile are highly variable, depending upon rainfall

122



Table V-7

WASTEWATER CHARACTERIZATION SUMMARY
RAW WASTEWATER

SUBCATEGORY PREP PLANTS
TOXIC POLLUTANTS

---------------------------------------------.--------------..---------------------~--------------.---~-----TOTAL TOTAL ....ER DETECTED CONCENTRATIONS IN UQ/L
NJMBER ....ER SAMPLES

MINtmFOUND SAMPLES DETECT >lOUG1L lOS .DIAN NEAN .OS MAX
-----------~------------------------------------------. ___________ ~ ____••__ • ____ 4~_____~.________ ~ _____ • ____

ACENAPHTHENE 1 3 0 3 " 3 3 " 3
ACROLEIN 7 0 0 " ..
ACRYlONITRILE 7 0 0 · " · · " ·BENZENE 7 2 1 3 " 3 • " til
BENZIDENE 7 0 0 " "CARBON TETRACHLORIDE 7 0 0 " "CHLOR08ENZENE 7 0 0 " "1,2.3-TRICHLDROBENZENE 7 0 0 .. "mXACHlORDBfNZENE 7 0 0 .. "f-' 1.2-0ICHLOROETHANE 7 0 0 .. ..

l\) · · ·
w t.1,i-TRICHLOROETHANE 7 2 1 3 " 3 13 " 23

HEXACHLOROETHANE 7 0 0 " "1,1-0ICHLOROE~ 1 0 0 .. "1,1.2~TRICHLOROETHANE 7 0 0 " "1.1.2,2-TETRACHLOROETHANE 7 0 0 " "CHLOROETHANE 7 0 0 " "BIS(CHLORQMETHYL) ETHER 1 0 0 " •
BIS(2-CHlOROETHYL) ETHER 7 0 0 " "~-CHLOROETHYl VINYL ETHER (MIXED) 7 0 0 · " · · " ·2-CHLOROHAPHTHALENE 1 f 0 3 .. 3 3 " 3
2,4,e-TRICHlOROPHENOL ., 0 0 " ..
PARACHlORQMETA CRESOL ., 0 0 · " · · " ·CHLOROFORM 7 2 1 I " I 17 • 21
2-CHLOROPHENOL ., 1 t 18 " 88 88 " Be
t.2-01CHLDROBENZENE ., 0 0 • "t.3~OtCHLORDBENZENE 7 0 0 " *1.4-DlaiL0RD8ENZENE 'i 0 0 * •
3,3-DICHLOROBENZIDINE ., 0 0 " "



Table V-7 (Continued)

WASTEWATER. CHARACTERIZATION SUMMARY
RAW WASTEWATER

SUBCATEGORY PREP PLANTS
TOXIC POLLUTANTS

---------------------------------------------------------------..-.-------.-~.-----.--~---------------------TOTAL TOTAL ....ER DETECTED aJNCENTRATlDNS IN UGlL
....fR ....ER SAMPLES

~ SAMPLES DETECT >IOUGiL MIN lOS MEDIAN lEAN 80i MAX
------------------------------------------------------------------------------------------------------------

I.• l-DI~ETHYLENE 7 0 0 *' *'1.2-l'RANS-DlQiLOROEntYLENE 7 0 0 *' *'2.4-DICHLOROPHENDL 7 0 0 *' *'1.2-DICH.OROPROPANE 7 0 0 • *'1.3-DlatLOROPROPEfIE 7 0 0 . • . · • ·2.4-DIMfTHYLPHENDL 7 3 3 t8 • 20 21 *' 24
2.4-DINITRDTOLUENE 7 1 1 1. • I. 18 • 18
2.S-DINITROTDLUENE. 7 1 1 30 • 30 30 • 30

...... 1.2-DtPHENYLHYDRAZINE 7 1 0 3 • 3 3 • 3
l\.) ETHYLBENZENE 7 1 0 3 • 3 3 • 3
~ fLUORANTHENE 7 15 2 3 *' 3 • *' 11

4-CHLOROPHENYL 'PHENYL ETHER 7 1 0 3 *' 3 3 *' 3
4-BRONOPHENVL PHENYL ETHER 7 0 0 *' *'BIS(2-CHLOROISDPROPYL) ETHER 7 0 0 *' *'BIS(2-CHLORQETHDXY) METHANE 7 0 0 . • · • ·METHYLENE CHLORIDE (DlatL.01UETHNE ) 7 4 2 3 *' 7 125 • 282
METHYL OLDRIDE 7 0 0 • *'METHYL BROMIDE 7 0 0 • *'BROMOFORM 7 0 0 *' *'DIOILOROBRDIIJMETHANE 7 0 0 *' •
TRlaiLOROFLOOROMEttwE 7 0 0 • •
DIOILORODIFLUOROMETIMNE 7 0 0 *' •
atlOROOlBROMDMETHANE 7 0 0 • •HEXACHLOROBUTADIENE 7 0 0 *' *'HEXACHLOROCYCLOPENTADIENE 7 0 0 • . · *' ·ISOPHDRONE 7 1 1 307 • 307 307 • 307
NAPHTHALENE 7 I 4 3 • 43 121 • 410
NITROBENZENE 7 1 1 21 • 21 21 • 21



Table V-7 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
RAW WASTEWATER

SUBCATEGORY PREP PLANTS
TOXIC POLLUTANTS

----------------------------------------.--.-.---------------------------.--~-----------.--------------.----TOTAL TOTAL NUMBER DETECTED CONCENTRATIONS IN UG/L
fUiBER MMlER SAMPLES

aJMPOUND SAMPLES DETECT >1DUG/L MIN 1iii MEDIAN MEAN lOT. MAX
______ • ____ ~ _____________________ R _____ ~ ______________-----------~------------------------------------------

2-NITROPHENOL 1 1 1 17 • 17 17 • 17
<I-NITROPHENOL 7 0 0 • •2.4-0lNlTROPHENOL 1 0 0 · • · · • ·".8-DINJTRO-O-CRESOL 7 1 1 194 • 114 114 * 184
N-NITROSODJMETHYLAHrNE 7 0 0 · ,. · •
N-~TROSOOIPHENYLAMINE 7 1 1 45 * 45 45 ,. 45
N-NITROSOOI-N-PROPYLAMINE 7 0 0 • •PENTACHLOROPHENOL 7 0 0 · ,. · · • ·PHENOL 7 4 1 3 • 3 B • 18
8IS{2-ETHYlHEXYL) PHTHALATE 7 5 3 3 ,. 8 18 ,. 48
IUTYLBENZYL PHTHALATE 7 3 0 3 * 3 3 *' 3l-' PI-N-8UTYL PHTHALATE 7 5 0 3 • .I 3 • 3r\)

\J1 Ol-N-OCTYL PHTHALATE 7 1 0 3 • 3 3 ,. 3
OIETHYL PHTHALATE 7 4 0 3 * 3 3 • 3
DIMETHYL PHTHALATE 7 1 0 3 • 3 3 • 3
BENZO(A)ANTHRAcENE 7 0 0 • · · •BENZO(A)PYREHE 1 " 2 3 • 3 40 • 141
&ENZO(B)FlUORAHTHENE 7 0 0 • •BENZO(K)YLUORANTHENE 7 0 0 • ,.
ttt:rtts£~ 7 0 0 · * · · • ·ACEHAPH1'HYLENE 7 1 1 8 • I • * •ANTHRACENE 7 0 0 · • · · • ·8£NZO(G.H.I}PERYLENE 7 3 I 3 • 3 4 ,. 7
fLUORENE 7 4 2 3 *' 3 17 • 44
PHeNANTHRENe 7 0 0 · * · · • ·DIBENZO(A.H)~N£ 7 2 0 3 • 3 3 * 3
INDENO( 1.2 .3-C. D)PYRENE 1 1 0 3 • 3 3 *' 3
PYRENE 7 !5 2 3 * 3 10 • 25



Table V-7 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
RAW WASTEWATER.

SUBCATEGORY PREP PLANTS
TOXIC POLLUTANTS

---------------------~--------------------------------.--------.-------~--------.---.-----~---~--.----------
TOTAL TOTAL ....ER DETECTED CONCENTRATIONS IN UG/L
NJNBER NJMBER SAJF'LES

~ SMPLES DETECT >IOUG/L MIN 1~ MEDIAN MEAN eOi MAX
_______~_~_~_________________ ' __ 8 _____________ ~_._____--~------~---------------------------.----------------

TETRAaiLOROETHYLEJE 7 0 0 .. . . • ·TOLUENE 7 3 1 3 .. 3 IS .. •TRJOLOROETHYLENE 7 t 0 3 .. 3 3 .. 3
VINYL ClC.ORIDE ? 0 0 . .. . . '& ·ALDRIN 8 1 0 8.40 .. 1.40 8.40 • 8.40
DIELDRIN 8 3 0 2.24 .. 2.2" 2.28 .. 2.30
OI.ORDAtG:: , 0 0 .. ..
4.4-DDT 8 0 0 .. . . • .

~ 4.4-DOE 8 1 0 2.24 .. 2.24 2.24 .. 2.24
l'\,) 4.4-DOD 8 1 0 2.24 .. 2.24 2.24 • 2.24
0'\ ENDDSUL,AN-ALPHA 8 3 0 0.10 .. 1.17 1.52 .. 2.24

ENDDSULFAN-BETA 8 2 0 2.24 .. 2.2. 2.24 .. 2.24
ENDOSULFAH SULFATE 7 0 0 .. ..
ENORIN 7 0 0 . .. . . .. .
ENORIN ALDEHYDE 8 2 0 2.24 .. 2.24 . 2.24 .. 2.24
HEPTACHLOR 8 1 0 2.24 .. 2.24 2.24 .. 2.24
HEPTAaMR EPOXIDE 8 3 0 0.20 .. 1.22 f.&8 .. 2.24
BHC-ALPHA 8 3 0 2.2. .. 2.2. 2.38 .. 2.80
BHC-8ETA .. 3 0 1.40 .. 1.82 1.88 .. 2.24
SHe (LiNDANE)-GAMMA 8 3 0 0.43 .. 1.33 1.83 .. 2.24
BHC-DELTA 8 3 0 0.23 • 1.23 1.&7 .. 2.24
PCB-1242 (AROCHLOR 1242) ., 0 0 .. ..
PCB-1254 (ARoatLOR 1254) 7 0 0 • *PCB-1221 (AROQtLOR 1221) 7 0 0 * •PCB-t232 (AROOtLOR t232) 7 0 0 • •
PCB-t248 (AROCHLOR 1248) ., 0 0 • ..
PCB-1280 (AROCHLOR 1280) ., 0 0 .. •
PCB-1018 (AROCH.QR 1018) 7 0 0 .. ..



Table V-1(Continued)

>WASTEWATER CHARACTERIZATION SUMMARY
RAW WASTEWATER

SUBCATEGORY PREP PLANTS
TOXIC POLLUTANTS

____________••___________ • ________________ 4 ••____________ • ____________w._.w ______._••_____________________••

TOTAL TOTAL ....ER DETECTED CDNCENfRATIONS IN UQ/L
NMER ,...ER SMl'LES

COWOUND SMPLES DETECT >10UG/L MIN 101 .DIAN _AN HI MAX
--------------------------------.-~-------------------------------.-----.-.-.~----------.~---.---.-.------.-

.TOXAPI:IEME 7 0 0 • •
·2. 3.7 j8-TETRACHLORODIIENZO-P-DJOXIN 7 0 0 . * · . • .
'ANT~ENE/PHENAN'I'.-EN£ 1 I 3 3 * 3 32 • 104

,BENZO(A)ANTHRACENE/ORYSENE '8 & 2 3 • 4 1. • 4.
IENZO(3 .4/K )FWORAHTHENE 8 3 1 3 • 3 4 • 1
.ANT IMONY (TOTAL) 13 .. 3 2 • 2 1. • 80
ARSENIC .(TOTAL) 13 12 12 37 40 240 1012 24011 8500

.8EAYLU" (TOTAL) 13 • 8 3 • 38 .3 • 450
CADMIUM nOTAL) 13 B .. 13 * 34 102 • 290

..... CHROMIUM (TOTAL) 13 11 11 2 • 38 418 1280 21.2 7500
r\,) COPPER (TOTAL) 13 13 13 100 138 1150 2108 8280 8500
-:I CY'ANIOE (TOTAL' 7 0 0 . • · . *LEAD (TOTAL) 13 12 12 24 33 780 1453 4287 1500

JlERCURY (TOTAL) 13 1 '4 1.00 • 11.25 11.B5 • 43.00
:·NIQ(EL (TOT~) 13 10 10 300 300 133 1531 2Boo 5500
c$ELENIUM.(TOTAL) 13 10 • 3 a 40 137 350 410
,SILVER (TOTAL) 13 8 B II • 22 2. • 84
THALLIUM (TOTAL) 13 I • 7 • • ,. • 31

'ZINC (TOTAL) 13 12 12 480 548 2B81 4"4 1880 t3500



Table V-7 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
RAW WASTEWATER

SUBCATEGORY PREP PLANTS
CONVENTIONAL AND NONCONVENTIONAL POLLUTANTS

TOTAL . ....ER DETECTED CDCENTRATIONS IN UGlL
,...ER TOTAL -----------------------------_.COMPOUND SAIFLES DETECTS MIN 1DS MEDIAN lEAN 101 MAX

--~-----~-----~----_.-----~-----.-----P----------._---_.~ __ ~______ ~__________ ~___._____________________.
TOTAL SUSPENDED SOLIDS 12 12 ,'3'E3 .778E3 3440E4 8244£4 ,.7IEI 2400EI
PH (UNITS) 12 12 4.2 4.7 7.3 7.2 '.0 '.1
IRON nOTAL) 13 13 70000 77200 878250 825372 1850£3 2300£3
MANGANESE (TOTAL) 13 13 1075 1282 6087 8337 17800 25000
ASBESTOS(TOTAL-FI8ERS/LITER) 1 1 1100£8 ., 5100E8 &100£8 • 5100E8
COD 7 7 1.470E4 • 3430£.4 8123E4 • 2220E5
DISSOLVED SOllDS " I 850000 • tOSSE3 1372E3 • 25OOE3

...... TOTAL VOLATILE SOLIDS 7 7 '1587E3 • 2181E4 2883E4 • aO!J1Ei1
I\) VOLATILE SUSPENDED SOLIDS 2 2 2oooE3 • 2000E3 15OOE4 • 2800£4
co SETTLEABLE SOLIDS 11 11 58.3 80.7 224.3 387.4 8•.0 880.0

TOTAL ORGANIC CARBON 7 7 1100£3 • 4137E3 8448E3 • 2847E4
MO AlKALINITY (CAC03) & I 180000 ., 280000 1358E3 • &4DOE3
PHENOLICS(4AN') 7 4 20 ., 211 83 • 185
TOTAL SOLIDS 2 2 18OOE3 * 1800£3 2380£4 • 31OOE4



conditions, pile configuration, and coal quality and size. The
phenomena responsible for the formation of acid mine drainage in the
active mining area can also operate Within the coal storage pile. The
outer layer of a coal pile (to a depth of approximately one foot) is
subject to slacking. Slacking refers to rapid changes in moisture
content brought about by alternating sun and rain. This often opens
up fresh surfaces and accelerates oxidation. Although organic
leaching rates are very low, specific inorganic coal components, such
as calcium, magnesium, and toxic metals may be contained in the
wastewater. Erosion of waste coal fragments can result in high
suspended solids levels (19). Pollutants can be leached into any
water contacting the coal storage pile. The composition of pile
drainage. is influenced by the residence time of the water within the
pile. Precipitation will wash this leachate from the pile, so that
contaminant concentrations will decrease with increasing water flow
rate, until the time that this flushing is complete.

Refuse Piles

Mining, crushing, and washing processes concentrate the coal
impurities in the refuse. Extraneous metals and other minerals are
separated from the coal and may appear in refuse pile runoff. As most
coal-cleaning methods employ gravity separation, dense materials such
as Clays, shales, and pyrite will be removed as refuse (13). These
will contribute to suspended solids levels in the wastewate~, while
oxidation of the pyrite will produce acid drainage. Organic sulfur
and fine pyrite cannot easily be extracted from coal (12), so that
these forms do not contribute as significantly to sulfate formation:
The relative acidity and pollutant levels of refuse pile drainage are
dependent upon the following:

1. Mineral characteristics of the coal and surrounding strata
2. Extent of refuse compaction
3. Configuration of the refuse pile
4. Type of soil cover
5. Climatology
6. Surface water control practices

Other Disturbed Areas

Other disturbed areas ancillary to the preparation plant are analogous
to those associated with mines, e.g., adjacent haul roads. As is the
case for mines, suspended solids is the primary pollutant of concern
in runoff. Screening samples were collected from associated areas at
facilities 00016, 00017, 00018, and 00024. Facility 00018 was
resampled during the verification phase. Preparation plant associated
areas at facilities 00034, 0003B, and 00036 were sampled during the
engineering site visits. Descriptions of treatment processes,
including sampling points, can be found in Appendix F of the Proposed
Coal Mining Development Document (EPA 440/1-81/057-b). A summary of
the organic, metal and classical pollutants found during the screening
and verification sampling programs appears in Table V-B.
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Table V-8

WASTEWATER CHARACTERIZATION SUMMARY
RAW WASTEWATER

SUBCATEGORY ASSOCIATED AREAS
TOXIC POLLUTANTS

-------------------------..---------------------------------------------------------------------------------TOTAL TOTAL "-ER DETECTED CONCENTRATlDNS IN UGlL
....ER ....ER SAMPLES

COMPOUND SAlPLES MTECT >tOUG/L MIN t~ IEDIM MEAN lOS MAX
-----------------------------------------------------------------------~-.----------------------------------

ACENAPHTHENE .. 0 0 '" •ACROLEIN .. 0 0 '" •ACRYLONITRILE 4 0 0 · • · · • ·BENZENE .. 2 2 ... .' 44 48 • ...
BENZIDENE .. 0 0 • •CARBON TETRAOLORIDE .. 0 0 · '" · · • ·OLOROBENZENE .. t t 12 '" 12 12 • 12
t •2.3-TRIOLDROBENZEHE • 0 0 • •H!:XACHLOROBENZENE • 0 0 '" •
t.2-DICHlOAOE~ • 0 0 • •I-'
1.1.t-TRICHLOROE~ • 0 0 '" •w HEXACH..DROETHANE • 0 0 • '"0
t.1-DICHLOROE~ • 0 0 '" •
t.1.2-TRICHLOROE~ 4 0 0 '" '"1.1,2,2-TETRACHLOROETHANE 4 0 0 • '"CHLOROETHANE 4 0 0 • .,
BIS(CHLOROMETHYL) E1;HER .. 0 0 '" '"BIS(2-CHlOAOETHWL) ETtER 4 0 0 '"

.,
2-ctLOROETHYL VINYL ETHER (MIXED) • 0 0 • '"2-atLORONAPtlTHALENE .. 0 0 ., •2•••e-TRICHLORDPHENDL 4 0 0 • •
PARAatLOROMETA CRESOL .. 0 0 · • · · • ·atLOROFORM .. 2 2 45 '" 41 28t • 418
2-CHlOROPHENOL .. 0 0 '" •
1,2-DICHLOROBENZENE .. 0 0 • .,
1.3-DICHLOROBENZENE .. 0 0 '" '"t ••-DICHLOROBENZENE • 0 0 '" ..
3.3-DICHLOROBENZIDINE 4 0 0 '" '"



Table V-B (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
RAW WASTEWATER

SUBCATEGORY ASSOCIATED AREAS
TOXIC POLLUTANTS

------------------------------------------------------------------------------------------------------------TOTAL TOTAL N.JMBER DETECTED CONCENTRATIONS IN UO/L
NJM8ER tlJMBER SAMPLES

COMPOUND SAMPLES DETECT >tOUG/L MIN 1~ MEDIAN MEAN 9~ MAX
-----------------------------~----------.-------~- ..-.-----------------.-.-----~-------------.--------------

l.t-DICHLOROETHYLENE 4 0 0 .. ..
1.2-TRANS-DICHLOROETHYLENE 4 0 0 .. ..
2.4~DICHLOROPHENOL 4 0 0 .. ..
t.2-DICHLOROPROPANE 4 0 0 .. •
t.3-DICHLOROPRQPENE 4 0 0 .. •
2.4-DIMETHYLPHENOL 4 0 0 .. ..
2.4-DIHITRDTOLUENE 4 0 0 .. •
2,8-DINITROTOlUENE 4 0 0 .. ..
t,2-DIPHENVLHYDRAZINE 4 0 0 .. ..

I-'
w ETHYLBENZENE 4 0 0 .. •
I-' FLUORANTH£N£ 4 0 0 .. •

4-CHLOROPHENYL PHENYL ETHER 4 0 0 ,. •
4-BROMDPHENYL PHENYL ETHER 4 0 0 .. ..
BIS(2-CHLOROISOPROPYL) ETHER 4 0 0 • •
&lS(2-Q-ILOROETHQXV) METHANE 4 0 0 . .. . . • .
METHYLENE CHLORIDE (DICHLOROMETffANE ) 4 4 4 182 • 348 783 • 1440
METHYL CHLORIDE 4 0 0 • ..
METHYL BROMIDE 4 0 0 .. •
BROMOFORM 4 0 0 .. ,.
DICHLOROBROMOMETHANE 4 0 0 .. •
TRICHLORQFLUOROMETHANE 4 0 0 ,. •
DICHLORODIFLUOROMETHANE 4 0 0 • •
CHLORODIBROMOMETHANE .. 0 0 • •
HEXACHLOROBUTADIEHE 4 0 0 .. •
HEXACHLOROCYCLOPEHTADIENE .- 0 0 .. •
ISOPHQRONE 4 0 0 .. •
NAPHTHALENE 4 0 0 .. ..
NITROBENZENE .. 0 0 • •



Table V-8 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
RAW WASTEWATER

SUBCATEGORY ASSOCIATED AREAS
TOXIC POLLUTANTS

----------------------------------~---.--.----------------------~---------------------------.-.-------------TOTAL TOTAL ....ER DETECTED CONCENTRATIONS IN UB/L
....ER NJMBER SAMPLES

aJMPOUND SAMPLES DETECT >10UG/L MIN 101 MEDIAN MEAN lOS MAX
--------------~~---------------------------------------.-----------------------~.---------------------------

2-NITROPHENDL .. 0 0 • •4-NITROPHENOL .. 0 0 • •2 ••-DINITROPHENDL • 0 0 • •4.e-DINITRO-O-CRESOL • 0 0 • •H-NITROSODIMETHYLANltE .. 0 0 • •H-NITROSODIPHENYLANIHE 4 0 0 • •N-NITRQSODI-N-PROPYLAMlNE .. 0 0 • •P£NTAOtLOROPHENDL .. 0 0 • •PHENOL .. 0 0 . ., . . • .
~ IIS(2-ETHYLHEXYL) PHTHALATE .. 2 0 3 • 3 7 • 10w BUTYL BENZYL PHTHALATE .. 0 0 • •I\,) DI-H-BUTYL PHTHALATE .. 0 0 • •DI-N-OCTYL PHTHALATE .. 0 0 • •DIETHYL PtfTtIALATE .. 0 0 • •DIMETHYL PH1"H"LATE • 0 0 • •BENZO(A)AN1'HRACEHE .. 0 0 • •BENZO(A)PYRENE .. 0 0 • •BfNZO(B)FLUORANTHENE .. 0 0 • •BENZO( K) FLUORANTHEHE .. 0 0 • •atRYSENE .. 0 0 • •ACENAPHTHYLEHE .. 0 0 • •ANTHRACENE .. 0 0 • •8ENZO(G.H.I)PERYLENE .. 0 0 • •FLUORENE .. 0 0 • •PHENANTHRENE .. 0 0 • •OIBENZO(A.HlANTHRACENE .. 0 0 • •INDEND(1.2.3-C,D)PYREHE .. 0 0 • •PlRENE .. 0 0 • •



Table V-8 <Continued)

WASTEWATER CHARACTERIZATION SUHHARY
RAW WASTEWATER

SUBCATEGORY ASSOCIATED AREAS
TOXIC POLLUTANTS

---------------------...-----------------.----.--------.---------------------------~-~--.~~---._---.--------TOTAL TOTAL ....ER DETECTED CONCENTRATIONS IN Ull/L
IUBER ,,-EI SAMPLES

CQFOUND SAMPLES DETECT >10UG1L MIN 101 NEDUN ibN lOS MAX
_____ ~__________________________ R ______ • ______________-----------------------~--.---------------------------

TETRAOLOROETHYLENE 4 0 0 . .. . . .. .
TOWEN£ .. 3 2 10 • .2 t1 • 27
TRICHLOROE~LENI 4 0 0 ..' ..
VINYL QfLORID£ .. 0 0 • •
ALDRIN .. 0 0 • •DIELDRIN 4 0 0 .. •
CHLORDANE 4 0 0 • •
4,4-00T 4 0 0 • •
4.4"OOE .. 0 0 .. •.... 4,4~DDD 4 0 0 • ..

w ENDOSUlFAN-ALPHA 4 0 0 .. •w ENDOSULFAN-8£TA 4 0 0 .. •
ENDOSULFAN SULFATE .. 0 0 .. •ENORIN .. 0 0 .. •ENORIH ALDEHYDE 4 0 0 .. •HEPTACHLOR .. 0 0 • •HEPTACHLOR EPOXIDE 4 0 0 • •
BHC-AlPHA .. 0 0 . • . . • .
SHe-BETA .. i 0 0.33 • 0.33 0.33 • 0.33
BHC (LINDANE) -0AfIIlA 4 0 0 . • . .. .
SHe-DELTA 4 t 0 0.10 .. 0.10 0.10 • 0.10
PCB-1242 (AROCHLOR 1242) 4 0 0 • •
pea-t254 (AROCHLOR 1254) 4 0 0 .. ..
PCB-t221 (AROCHLOR 1221) 4 0 0 • •
PCB-t232 (AROCHLOR 1232) 4 0 0 • ..
PCB-1241 (AROCHlOR 1248' .. 0 0 .. ..
PCB-t2eO (AROCHLOR 1280) 4 0 0 • •
PCB-fOtS (AROCHLOR tote) 4 0 0 • ..



Table V-8 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
RAW WASTEWATER.

SUBCATEGORY ASSOCIATED AREAS
TOXIC POLLUTANTS

------------~~-------------------.------------~---~------~---~.----.------------.---~-----------------------
TOTAL TOTAL ..-ER DETECTED CONCENTRATIONS IN UG/L
..-ER ....ER U.LES

CONPOlN) SAM'LES DETECT >IOUG/L MIN lOX MEDIM MEAN 101 MAX
-~---------------------------~-------------------~----------p---------~._----------~----------_._----------_.

TOXAPHEfE 4 0 0 • •
2. 3.7. 8-TETRACHlORODIBENZO-P-DIOXIN 4 0 0 ., .,
AHTHRACENE/PHENNn'HRENE 4 0 0 • •
8ENZO(A)ANTHRACENE/CHRYSENE 1 0 0 • .,
8ENZD(3.4/K)FLUORANTHENE 1 0 0 . ., . . • .
ANTIMONY (TOTAL) 8 3 1 2 ., 5 13 ., 28
ARSENIC (TOTAL) • 4 2 2 • 3 350 • 1340
BERYLLIUM (TOTAL) 8 4 2 2 • 4 80 • 220
CADMIUM (TOTAL) 8 3 3 13 • 18 2S • 3.

I-' CHROMllM (TOTAL) 8 7 8 10 • 8t 23S • 880
w COPPER (TOTAL) 8 7 5 II • 44 232 • 1000
~ CYANIDE (TOTAL) 4 0 0 • •. . . .

LEAD (TOTAL) • 4 3 3 • 30 271 • 1000
MERQlRY (TOTAL) I 4 0 0.20 ., 0.70 1.10 ., 2.40
NIO<EL (TOTAL) • 7 7 38 • 232 1771 • 10000
SELENI" (TOTAL) 8 4 3 1 • 21 137 • "SO
SILVER (TOTAL) I 2 2 27 • 27 3t • 38
THALlIlM (TOTAL) • I I 14 • 14 14 • 14
ZINC (TOTAL) 8 8 I 18 ., 240 4287 * 30000



Table V-8 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
. RAW WASTEWATER

,SUBCATEGORY ASSOCIATED AREAS
CONVENTIONALAND'NONCONVENTIONAL POLLUTANTS

_~ _____ • ___ • _____ ~ ________________ w ___ ._~____ • _______________ ~ ______._.__ • ___••__________________________

TOTAL .....ER DETECTED aJNCENTRATIONS IN UQ/L
NJMBER TOTAL ----------------------------_.~

COMPOUND SAMPLES DETECTS MIN 1~ MEDIAN MEAN lot; MAX
------------_._---_._._-------------_._-----.~----------------------------------------------------------

TOTAL SUSPENDED SOLIDS 7 7 3300 • 20200 17084 • 240000
PH (UNITS) 7 7 2.4 • 5.8 5.4 • 1.2
I RON (TOTAL) I I 275 • 3700 1246E3 • l000E3
MANGANESE (lOTAL) B • 27 • 2237 17438 • 80000
COD 4 4 12675 • 15500 382044 * 1180E3
DISSOLVED SOLIDS 3 3 580000 • 1390£3 1980£3 • 3100E3
TOTAL VOLATILE SOLIDS 4 4 28000 * 84250 1318E3 • 2100£3
VOLATILE SUSPENDED SOLIDS 4 4 2200 • 4800 10250 • 21000

I-' SETTLEABLE SOLIDS 3 2 0.0 • 0.0 0.0 • 0.0W TOTAL ORGANIC CARBON 4 3 4125 • 7812 t 1501 • 11300U1
FREE ACIOITY (CAC03) 1 1 740000 • 740000 740000 • 740000
NO ALKALINITY (CAC03) 2 2 1000 • 1000 21500 • 42000
PHENOLICS(4AAP ) 4 0 . • . . • .
SULfATE 1 1 310000 • 310000 310000 • 310000
TOTAL SOLIOS • • 180000 • • ,0000 11.7E3 • 22OOE4 •



fQ§i Mining Discharges

Reclamation Areas

Reclamation areas are tracts of surface acreage which have been
recontou~ed and seeded to establish ground cover after mining has
ceased. Regrading has already been completed by removal of the spoil
peaks and reestablishment of natural drainageways. Replanting of
indigenous grasses, legumes, and other annual or perrenial flora
occurs as soon as possible to stabilize the regraded area. Runoff
from this area directly following active mining can exhibit
substantial suspended solids loadings until vegetation is well
established. Data from a self-monitoring survey initiated by the
Agency are presented in Table V-9. These data are from facilities
00015, 00033, 00037, 00085, 00101, and 00181 through 00187. Also
included in Table V-9 are data from facility 00033 sampled during the
engineering site visits. As shown on the table, suspended solids
loadings are substantial. This is particularly true for rainfall
conditions.

Underground Mines

Discharges from underground mines will continue after the temporary or
permanent cessation of mining until appropriate mine closure
procedures are imple~ented. This is because the principal source of
water is from aquifers that were intercepted during mine development.
These waste-bearing strata will continue to drain water into the mine
during and after the production of coal. A study was conducted to
characterize these discharges from active and abandoned anthracite
under.ground mines (21). The results of the study indicate that these
discharges will be similar to the wastewaters encountered during
active mining. For instance, an active discharge and an adjacent
abandoned discharge from one mining operation exhibited similar
characteristics. The reader is referenced to the active mine drainage
tables (Tables V-5 and V-6) for more detailed characterization of post
mining discharges from underground mines.

SUPPORT FOR THE SUBCATEGORIZATION SCHEME

In light of the data characterizing raw wastewater, this subsection
will discuss the evolution of the final BPT, BAT, and NSPS
subcategorization schemes already presented at the beginning of this
section. Preliminary analysis of the results of the BAT screening and
verification program (conducted from 1977 to 1979) suggested a number
of changes to the BPT categorization. Some of these changes were
retained, while others were elimir~ted based on additional data.
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Table V-9

WASTEWATER CHARACTERIZATION SUMMARY
RAW WASTEWATER

SUBCATEGORY AREAS UNDER RECLAMATION
TOXIC POLLUTANTS

---------------------------..------------------------------------~-~---------.------------------------------TOTAL TOTAL t«JMBER DETECTED CONCENTRATIONS IN UG/L
taJMBER NUMBER SAMPLES

COMPOUND SAMPLES DETECT >IOUG/L MIN 1~ MEDIAN MEAN 901 MAX
--------------------¥-~---------------------~~-----~--------------.-----------------------------------------

ANTIMONY (TOTAL) 15 13 13 68 88 101 117 188 235
-ARSEtuC (TOTAL) 15 4 4 68 • 79 328 • 890
BERYLLIUM (TOTAL) 15 8 3 1 • 4 8 • 12
CADMIUM (TOTAL) 15 8 8 11 • 18 11 • 40
CHROMIUM (TOTAL) 15 12 9 8 8 17 37 101 118
COPPER (TOTAL) 15 14 13 8 8 IS 44 114 131
LEAD (TOTAL) 15 4 4 30 ,. 37 59 • 103
MERCURY (TOTAL) 15 1 1 40.00 • 40.00 40.00 ,. 40.00

...... NICKEL (TOTAL) 15 8 8 45 ,. 85 258 ,. 198
w SELENIUM (TOTAL) 15 2 2 70 • 70 74 ,. 77
-.:l SILVER (TOTAL) 15 4 a 5 ,. 5 5 ,. 8

THALlIUM (TOTAL) 15 3 3 '47 • ,n 181 ,. 184
ZOIC (TOTAL) 15 15 1& 7 10 71 1180 182. 12844



Table V-9 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
RAW WASTEWATER.

SUBCATEGORY AREAS UNDER RECLAMATION
CONVENTIONAL AND NONCONVENTIONAL POLLUTANTS

DETECTED CONCENTRATIONS IN UG/LTOTAL
NJMBER
SAMPLES

tualER
TOTAL
DETECTS MIN 101 MEDIAN MEAN 801 MAX

~

w
00

TOTAL SUSPENDED SOLIDS
PH (UNITS)
IRON (TOTAL)
MANGANESE (TOTAL)
SEnLEABLI! SOLIDS

18
18
18
15
14

18
18
18
15
11

12733
5.1
241

94
0.0

12859
5.t
505

94
0.0

72139
7.5

2385
390
0.3

338101 887480 1945E3
7.3 7.' 8.0

12855 35550 85883
1407 1770 11805
4.8 8.0 31.0



Second, although separate subcategories for preparation plants and
preparation plant associated areas were not established, separate
subsets of this category were formed only for NSPS because of the
different types of wastewater handling techniques available to the two
areas.

These subcategories were then reviewed by consideration of (1) the
engineering principles involved, and (2) the data collected from BAT
sampling programs conducted after the screening and verification
effort. The following discussion presents the results of this review
for each subcategory.

Surface and Underground Mines

First, surface and underground mines were categorized separately for
both acid and alkaline mines. In addition to differences in raw
wastewater characteristics, this separation resulted from differences
in the type of treatment technology that would be applied at surface
and deep mines. For instance, mobile or skid mounted treatment
processes might often be required at surface mines where current
treatment facilities (i.e., sedimentation ponds and possibly
neutralization equipment) frequently require relocation. At
underground facilities, permanent treatment facilities can usually be
installed for the life of the mine.

surface/underground
characteristics and
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were utilized to establish the
(1) differences in raw wast,water

Third, post mining discharges were established as a subcategory to
provide regulatory coverage for two subsets of this subcategory:
surface reclamation areas and underground mine discharges.

Fourth, Pennsylvania anthracite mines were identified as a candidate
subcategory based on potential differences in toxic pollutant
discharges by different ranks of coal.

Fifth, western mines were separately categorized because of the
potential effects of different climatology and coal seams on mine
discharges. These modifications resulted in the following preliminary
subcategorization scheme:

1. Acid drainage surface mines
2. Acid drainage underground mines
3. Alkaline drainage surface mines
4. Alkaline drainage underground mines
5. Preparation plants and associated areas

a. Preparation Plants
b. Preparation associated areas

6. Post mining discharges
a. Surface reclamation areas
b. Underground mines

7. Pennsylvania anthracite
8. Western mines

Two factors
distinction:



(2) differences in the mobility of applicable treatment options. Both
of these are rendered academic, however, because of the reduction
achieved by application of existing (BPT) technology. When the
untreated discharges from deep and surface are subjected to BPT
treatment, the resulting effluent are very similar in "classical"
pollutants (T55, iron, manganese). Tables V-10 and V-ll illustrate
these data for alkaline and acid mines. Although there are
substantial differences in the acid and alkaline raw wastewaters from
deep and surface mines, these tables indicate the similarity of BPT
treated discharges with respect to these three key pollutants. The
similarity of treated effluent also extends to the toxic metals, as
can be seen in Table V-12. Because of these factors, separate
subcategories for surface and underground mines were not established.

Preparation Plants and Preparation Plant Associated Areas

These two segments of the coal mining category are classified
differently for new sources than for existing sources. For new
sources, preparation plants and associated areas are subject to
different standards based upon differences in the following:

1. T55 and metals concentrations
2. Treatment s~rategies

3. Water usage requirements
4. Regulatory strategies

A comparison of raw wastewater metals and TSS concentrations in these
two subcategories is presented in Table V-13. The preparation plant
raw wastewater is much higher in suspended solids, while toxic metals
occur more consistently and in higher concentrations than in
associated areas runoff. It is not merely the differences in water
quality as apparent from the data, but the differences in treatment
strategy implied by these data, that support this division. The major
contributor to total metals in the preparation plant slurry is
suspended metals, due to the nature of the cleaning process. This is
evidenced by the data in Table V-14. This indicates that settling of
preparation plant slurry will provide substantial removal of toxic
metals. Conversely, metals from associated areas are mostly due to
the low pH, and thus a different treatment strategy would be selected,
i.e., pH adjustment via neutralization. Figure V-2 shows two typical
preparation plant water circuits. Although many factors suggest
different treatment systems for preparation plants and associated
·areas, most facilities currently commingle these drainages, as
illustrated in the top configuration of Figure V-2.

For new sources, segregated treatment can be designed into the overall
wastewater system. The incentives for separate treatment are
discussed below. Water management considerations and economics will
most often dictate maximizing water recycle. Preparation plants
utilize water to assist in cleaning the coal, and thus the water is
process water subject to one class of treatment options. Runoff from
associated areas is usually not used in coal cleaning, and hence
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Table V-IO

COMPARISON OF CLASSICAL POLLUTANTS IN
ALKALINE SURFACE AND UNDERGROUND MINES

Mean Values (mg/l)

Raw Treated
Pollutant Surface Deep Surface Deep

TSS 141 40 36 39

Iron 1.52 0.41 1.26 0.68

Manganese 0.82 0.076 0.39 0.29
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Table V-II

COMPARISON OF CLASSICAL POLLUTANTS IN
ACID SURFACE AND UNDERGROUND MINES

Mean Values (mg/l)

Raw Treated
Pollutant Surface Deep Surface Deep

TSS 732 158 32 21.1

Iron 45.7 135 1.21 1. 72

Manganese 17.7 4.9 2.45 1. 27
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Table V-12

COMPARISON OF MEDIAN TOXIC METAL CONCENTRATIONS IN ACID AND
ALKALINE SURFACE AND UNDERGROUND MINES

(in ug/l)

Raw Treated
Acid Alkaline Acid Alkaline

Polluta.nt Surface Dee~ Surface Dee~ Surface beep Surface Deep

Antimony 2.5 6 2 8 2.5 6 2

Arsenic 210 23 3 5 11 18 4 4.4

Beryllium 23 12 2 ND ND ND 2 ND

Cadmium 98 6 ND ND ND ND ND ND

...... Chromium 187 30 32 49 126 24 33 49
~

L.tJ
Copper 150 82 10 6 14 13 10 6

Lead 323 51 23 72 ND 102 23 72

Mercury 1.3 0.9 0.4 0.6 0.3 1.0 0.5 0.6

Nickel 2020 400 30 57 95 5 30 57

Selenium 17 34 3.5 3 13 14 3 3

Silver ND 5 10 ND NO 5 10 ND

Thallium ND 1 2 2 2 1 1.5 1.7

Zinc 6620 510 80 56 29 49 70 56

Source: Screening and Verification Data



Table V-I3

PREPARATION PLANTS VERSUS ASSOCIATED AREAS
UNTREATED WATER

Preparation Plant .. AS8oclat:~t.1 Areas
Total Total Oetccta Hedlan* Tt>tsJ Total Oetecta Hedlun*

Para.eter sa.ples Detects >10 ppb (mg/l) S8UlJ) I 8!1 Deteclij >10 ppb (llIg/l>

AntlllOny II 6 3 .OU2 8 3 1 .OO~

Ar8enlc 11 10 10 .200 8 4 2 .003

Bery111u. II 7 7 .036 8 4 2 .004

Cad.lu. 11 I. 4 .034 8 3 ) .018

Chro.lu. 11 9 9 .502 8 7 6 .061

Copper 11 11 11 .860 8 7 5 .044

Lead 11 10 10 .760 8 4 3 .030·

...... Mercury 11 6 4 .OU 8 4 0
~

~ Nickel 11 8 8 .933 8 6 6 .330

Selenlu. 11 8 7 .050 8 4 3 .021

Silver 11 6 4 .019 8 2 2 .027

Thai l1u. 11 1 4 .010 8 1 1 .014

Zinc 11 10 10 2.9 8 7 1 .266

1'rutl 11 11 11 841** 8 8 8 Ilj02**

"anganese 11 II 11 8.5** 8 8 8 19*11;

TSS 10 10 69.130** 6 6 7711;*

pH (unita) 10 10 7.1 6 6 5.1

* This la the _dian of all values >10 ppb.

** Hean

Sources: Screening and Verification Data.
to~nglneerlng Site Vis it: Data



Table V... 14

PREPARATION PLANT PROCESS EFFLUENT TOTAL
VERSUS DISSOLVED METALS

Preparation Plant A Preparation Plant B PreparatIon Plant C

Total OlRaolved Total Dissolved Total Dlssolved
Metals (-gIl) Hetals Hetal. ~l) Metals Hetals (_g/I) _yetah

AntiMOny <0.005 <0.005 <O.OOS <0.005 <0.005 <0.005

Arsenic 0.037 <0.002 2.1 <0.002 6.5 <0.002

Beryillu. 0.016 <0.001 0.012 <0.001 0.016 <0.001

C~Ii'.l(l•. 0.034 <0.00.5 0.29 0.016 0.17 <O.OOS

Chroltlu_ 0.098 0.009 0.92 0.032 0.41 0.013

Copper 0.33 0.006 6.4 0.037 6.0 0.020
.......
~ Iron 94 0.097 2,300 2.4 1,000 1.0
\.Jl

Leed 0.071 0.003 1.0 <0.002 0.024 <0.002

Hercury <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Manganese 1.1 0.041 13 0.11 12 0.12

Nickel 0.33 0.026 2.8 <0.020 2.1 <0.020

SeleniUM <0.005 <0.005 0.21 <0.005 0.35 <0.005

Silver 0.019 0.009 0.064 0.026 0.051 0;019

Thalliull <0.002 <0.002 0.026 <0.002 0.008 <0.002

Zinc 0.98 <0.002 8.3 0.015 6.0 0.007

Source: Enr,ineering Site Vialt (lata
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different wastewater treatment strategies are suggested. For
instance, the intermittent runoff generated in associated areas is
suited to a sedimentation pond system with possible neutralization
required if this runoff is acidic. On the other hand, a preparation
plant continually discharges process wastewater from the coal cleaning
equipment while the plant is operating. This continuous effluent is
usually alkaline and solids laden and is thus suited for a settling
and decant recycle system. Slurry impoundments could also be used;
the flow to these would not increase during a rainfall unless surface
runoff is also received. This is not the case for associated areas
which most often only discharge significant quantities during rainfall
events.

Increased regulatory flexibility is provided by separating these
segments. This is particularly in reference to the potential for a
"zero discharge" or total recycle regulation for preparation plant
slurry waters. If the associated area runoff can be segregated from
slurry effluent, the water balance can be achieved through diversion
ditching and otper techniques, thus allowing total water recycle
systems for preparation plants. This is more extensively discussed in
Sections VII and VIII.

For existing sources, however, these reasons are overridden by
consideration of engineering and cost factors. Current practice in
the industry is commonly to commingle wastewater from refuse and
storage piles (associated areas) with preparation plant process
wastewater for treatment. To set differing limitations for the two
segments would cause most operators to segregate the two types of
drainage, which would require massive expenditures and gross
inefficiency for a facility. Installation of extensive retrofit
equipment and construction of new ponds would severely impact the
capital and human resources of many coal mining operations, without
significantly reducing the discharge of toxic pollutants. A further
discussion of these factors is presented in Section VII.

Pennsylvania Anthracite Mines

The Agency examined anthracite mlnlng and preparation to assess any
statistical or technical differences in wastewater from bituminous and
lignite operations. Results shown in Table V-15 indicate that no
significant differences exist; thus anthracite facilities will be
categorized identically with bituminous and lignite operations.

Post Mining Discharges

Surface and underground mines can continue to discharge polluted
wastewater after production from the mine has ceased. For surface
mines, this discharge consists of runoff from a previously mined area
that has been backfilled, regraded, and revegetated. This process,
called reclamation, is an ongoing operation at one area of a mine that
occurs simultaneously with active mining of another area. For
underground mines, the post-mining discharge results from groundwater
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Table V-IS

COMPARISON OF ANTHRACITE AND ACID RAW WASTEWATER

Anthracite Mines Acid Mines
Total Median Total Median
Number Total Value Number Total Value

Pollutant Samples Detects (mg/l) Samples Detects (mall)

TSS S 5 56* 22 21 440*

Iron S 5 34* 22 22 88*

Manganese 5 5 6.7* 22 t1 8.2*

pH (units) 5 5 4.3 24 24 5.3

(uS/I) (uS/1)

Sb 5 0 21 8 2

As 5 1 26 22 14 31

Be 5 3 7 22 7 10

Cd 5 0 22 3 11

Cr 5 4 40 22 11 41

CU S 5 20 22 16 48

Pb 5 3 9 22 6 18

Hg 5 0
_.

22 11 1.1

Nt 5 5 SO 22 11 140

Se 5 0
_.

22 11 28

Ag 5 2 11 22 7 13

Tl 5 0 -- 22 5 1

Zn 5 5 520 22 20 460

*Mean value
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infiltration into the mined out areas. Thls gro: ndwater can originate
from breached aquifers or from adjacent abandoned mines.

During active mining, water is usually pumped to the surface for
treatment and discharge. After mine closure, this water will continue
to drain into the mine workings. Over a period of time, several
outcomes are possible. First, a state of equilibrium could occur when
the gravity head of the water balances the infiltration pressure.
Second, the water could erode and break through mine seals to adjacent
active or abandoned mine tunnels. Third, the mine pool could continue
to rise until the level reaches ground level, and, should no mine seal
be in place, a surface discharge occurs. Fourth, if the mine is
sealed, the water can erode and break through the seal, again
resulting in a surface discharge.

The post-mining discharges from either a reclamation area at a surface
mine or from an abandoned underground mine can contain significant
amounts of pollutants. These problems are addressed by SMCRA. The
performance based required by SMCRA is not to be released until the
SMCRA regulatory authority determines that post-mining pollution
problems are abated and can be reasonably expected not to occur.
Sufficient data does not exist to support the promulgation of
regulations for discharges after release of the SMCRA bond.

Post-mining discharges were not previously regulated by EPA, and so
were postulated as a candidate subcategory for BAT and NSPS effluent
limitations. To verify this for the final subcategorization, data
were gathered from four independent studies. A self monitoring
industry survey was initiated at 24 surface mine sites to characterize
raw and treated streams from both active mining and reclamation areas.
These data are presented in Table V-9. A second study was conducted
at eight surface mine sites which classified pond effluents as well as
determined the precision and accuracy of measuring settleable solids
below 1.0 mIll. A third study sampled four anthracite mines to
collect data on postmining discharges from underground mines. (Among
the wastewaters samples, were discharges from underground abandoned
mines). The data are contained in a supplement to this report ('-1)
and are also presented in Table V-15.

EPA determined that settleable solids and pH should be regulated for
surface mines in the reclamation phase and for active mines during
precipitation events. On the other hand, post-mining discharges from
underground mines are very similar to wastewater generated during
active mining. This is because the mechanism for wastewater
generation is identical.

Western Mines

An evaluation of the nature of discharges from western mines has been
performed to determine the appropriateness of separately
subcategorizing mines in this region (10). Coal mines west of the
100th meridian in the United States were designated as western mines
(42 FR 46937, 19 September 1977). Mines in Colorado, Montana, North
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Dakota, South Dakota, Utah, and Wyoming (42 FR 21380, 26 April 1977)
are included in the western subcategory. These coal regions are
depicted in Figure V-3. This subcategory was established because of
potential differences in achievable effluent quality between eastern
and western mines for a number of reasons.

The West receives substantially less rainfall than the eastern region.
Further, evaporation,rates are higher primarily because of the lower
humidity in the West. These two conditions result in a smaller amount
of runoff and high evaporation from settling ponds. Figure V-4
illustrates the location of these areas. Additionally, site-specific
conditions such as topography and hydrogeology are potential
incentives for separate regulations.

Tables V-16 through V-19 present data from the BAT sampling program
for eastern and western raw wastewaters (10). Treated effluent data
for the two regions appear in Tables V-20 through V-23. Additional
data from discharge monitoring reports (DMRs) are summarized in Table
V-24. Information collected from the DMRs indicates that western mines
(16 facilities were included) exhibit nb discharge 41 percent of the
time samples were taken, compared to 19 percent from eastern mines (56
facilities were included). However, as Tables V-20 through V-23
indicate, the final discharge compositions are very similar for
eastern and western mines when a discharge did occur.

This similarity in discharges was further verified by a statistical
analysis. The purpose of this analysis was to determine, with respect
to T5S, whether effluent discharges at Western alkaline mines were
statistically different from effluent discharges at Eastern alkaline
mines. The data av~ilable for the analysis consisted of 68 samples
from Eastern mines (22 influent and 46 effluent) and 26 samples from
Western mines (11 influent and 15 effluent). The statistical approach
used was a "goodness of fit" test, adopted because of the limited
number of samples available from Western mines. Under this approach,
the more plentiful Eastern mine data is used to define a sample
distribution for T5S. A statistical test is then performed to
determine how well the Western mine data "fit" into the Eastern mine
distribution. The test results show that the distribution of TSS at
Western mines is statistically similar to that at Eastern mines.
Figure V-5 provides observed and expected frequencies for influent and
effluent samples at Western mines.

The expected frequencies are those which one would expect to see if
the Western mine data followed the same distribution as the Eastern
mine data. The observed frequencies are those which were actually
found in the data. These frequencies were calculated by classifiying
each value of TSS observed at a Western mine into one of the four
quadrants of the T5S distribution established for Eastern mines. The
quadrants of a distribution are those areas which divide the data into
fo~r equally dense portions. That is, the first quadrant will contain
25 percent of the data, the second quadrant will contain 25 percent of
the data and so on. It should be noted that quadrants were
established independently for influent and effluent samples. The
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Table V-17

EASTERN MINES
WASTEWATER CHARACTERIZATION SUMMARY

RAW WASTEWATER
SUBCATEGORY ALKALINE DRAINAGE MINES

TOXIC POLLUTANTS

------------.---------------------.-----------------------------------------------.---.----.--------------
----~.-------------------------

DETECTED CONCENTRATIONS IN UG/L

COI1POUND

TOTAL.
NUI1BCR
SAI1PL.ES

TOTAL
NUI1BE;R
DETECT

NUMBER
SAI1PLES
>10UG/L I1IN lOll I1EDIAN I1EAN 9 OIl I1AX

----------.-------------------------------.------------------------------------------.--------.-----------
ANTII10NY (TOTALI 17 3 0 2 * 2 3 * 6
ARSENIC /TOTAL) 17 'I 1 2 * 2 12 * '10
BERYLLIUM (TOTALI 17 2 0 2 * 2 2 • 2
CADl1tul1 ITOTALI 17 3 2 6 * 10 l'I * 21
CHROI1IUM (TOrALI 17 10 9 6 8 33 '12 65 109

I-' COPPER /TOTALI 17 'I 3 10 * 13 20 • '12
\)l

LEAD !TOTAL I 17 8 'I 2 6 29 • 9'1
'" •

I1ERCUHY (TOTAL I 17 7 0 0.30 * 0.'1'1 1.06 * 2.20
NICKEL lTOTALI 17 7 7 30 * 67 115 • 365
SELENIUM !TOTALI 17 'I 0 'I * 6 6 * 7
SILVER lTOTALI 17 6 3 10 * 10 13 • 22
TlfALLIUI1 (ToTALI 17 1 0 2 * 2 2 * 2
ZINC (TOTAL I 17 13 10 7 7 31 52 136 156



Table V-16

EASTERN MINES
WASTEWATER CHARACTERIZATION SUMMARY

RAW WASTEWATER
SUBCATEGORY ALKALINE DRAINAGE MINES

CONVENTIONAL AND NONCONVENTIONAL POLLUTANTS

------------_..-------------------------------------------------------------------------------~--------_.______ ~ .---w__ ~ _DET£CTEO CONCENTRATIONS IN UG/LTOTAL
NUMBeR
SAMPLES

NUMtJER
TOTAL
DETECTS 'UN lOS MEDIAN MEAN 90S "AX

----.------~--------------------------------~.-------------------------~--------------------------------

TOTAL SUSPENDED SOLIDS 1 .. 111 2600 3160 17000 6736,. 1702.. 0 330000
PH WNITSt 1.. I,. 6.6 6.8 1.' 7.6 8.1 8.1
TOTAL IRON 17 17 11 98 537 109,. 2590 3500
MANGANESE (TOTAL) 17 17 3 25 '+75 935 1,.30 7000

t-'
\Jl
t-'



Table V-19

WESTERN MINES
WASTEWATER CHARACTERIZATION SUMMARY

RAW WASTEWATER
SUBCATEGORY ALKALINE DRAINAGE MINES

TOXIC POLLUTANTS

______________________________________________________-------------------·_-.-.------------.--P.---------·
TOT/IL TOTAL NUI'IBER DETECTED CONCENTRATIONs IN U6/L
NUMBLR NUI1BER SAI1PLES -------------------------------COI'IPOUND SAI'IPI.ES DETECT >10U6/1. I1IN 101ll I1EDIAN MEAN lJOlil MAX

-----------------------------------------~------------ ---------------.------.--------.---------------.----

ANTIMONY 1TOTAl.) U 3 2 6 • 8 1'1 • 21
ARSENIC ITOTAll 11 3 0 'I • 'I 6 • 8
IlERYlLlUM nOTAl.) 11 2 0 0 • 0 1 • 1
CADMIUM nOTAl.) u 2 2 11 • 11 1'1 • 11

>-' CHROMIUM Cl oT AI.l 11 5 'I 6 • '1'1 '12 • 57
\J1 COPPER ITOTAI.I U 11 6 'I 'I 10 1'1 21 36.t="

lEAD /TOT III I 11 1 0 'I • 'I 'I • 'I
MERCUIlY nOTALI 11 3 0 0.27 • 0.35 0.10 • 1.'10
NICKEL /T OT 111.1 11 1 1 11'1 • 17'1 11'1 • 11'1
SELENIUM /ToT IILI 11 3 0 2 • 2 3 • 3
SILVER ITOT/ILI 11 0 0 • • • • • •
nlAlLtUM ClOT III. I 11 ° 0 • • • • • •
ZINC /TOT AI.l 11 10 10 13 13 80 18'1 186 1100



Table V-18

WESTERN MINES
WASTEWATER CHARACTERIZATION SUMMARY

RAW WASTEWATER
SUBCATEGORY ALKALINE DRAINAGE HINES

CONVENTIONAL AND NONCONVENTIONAL POLLUTANTS

----------------------.---------~--------------------- ----p----------------._-.-------.---------------

----------------------~--------

DETECTED CONCENTRATIONS IN UG/L

COMPOUND

TOTAL
NUMBER
SAMPLES

NUMBER
TOTAL
DETECTS KIN 10" PlED IAN ..tAN 90" "'AX

---------------------------------------------~------.- -.-.-----------.---_.---.-----------------------

TOTAL SUSPENDEO SOLIOS 11 11 500 510 65250 153361 29200U 811000
PH WHITS. 11 11 6.9 7.0 7.7 7.7 8.1 8.2
TOTAL IHON 11 11 6" 66 1317 "996 52~O 390.. 0
"ANGANESE (TOTAL) 11 11 if .. 90 172 222 9 .. 7

I-'
\Jl
UJ



Table V-20

EASTERN MINES
WASTEWATER CHARACTERIZATION SUMMARY

FINAL EFFLUENT
SUBCATEGORY ALKALINE DRAINAGE MINES

CONVENTIONAL AND NONCONVENTIONAL POLLUTANTS

-----.-------------------------------------------------------------------.--.-----_._-----------------
------------------.---------...
DETECTED CONCENTRATIONS IN UG/l

COMPOUND

TOTAL
NUMBER
SAMPLES

NUM8ER
TOTAL
DETECTS MIN lOll MEDIAN MAX

----------------------------.-.-----------------------._---------------------------------------.------
TOTAL SUSPENDED SOLIDS 30 30 32 2900 11600 21282 13066 118061
PH !UNITSI 30 30 3.2 6.9 1.1 1.5 8.2 8.5
TOTAL IHON 30 29 5'+ 121 565 1301 2820 5100
MANGANESE ITOTALI 30 29 28 '+6 326 558 1330 2800

>-'
\J1
\J1



Table V-2l

EASTERN HINES
WASTEWATER CHARACTERIZATION SUMMARY

FINAL EFFLUENT
SUBCATEGORY ALKALINE DRAINAGE HINES

TOXIC POLLUTANTS

------------.-----------------------------.------------------------------_._------------------------------TOTAL
NU"'8£R
SA"'PLES

TOTAL
NU",BER
oETEcT

NUfllftER
SAMPLES
)IQUG/L

OETECTED CONCENTRATIONS IN UG/L

.---------~-------~---~~.~-----lOS

-------.----.---------------.-----.------_._---------------~---.------------.-----.---------_._-----------

ANTJ"ONY CTOTALt 30 7 1 1 • 2 5 • 15
ARSENIC (TOTAL t 30 13 3 2 2 5 8 13 22
B£RYlLIU" CTOTALI 30 Q 0 • • • • • •
CAD"IU" nOTAL) 30 5 It 5 • 1" lit • 23
CHRO"IUt' nOTAL) 30 20 17 CJ 10 33 77 63 860

...... COPPER nOTALI 30 8 It 6 10 19 '10\Jl * •
0'\ LEAD C'OTALI 30 5 3 5 * 12 2" • 66

"EReUHY (TOTAL a 30 13 0 0.10 0.16 0.50 1.3.. 1.67 1.98
NICKEL nOT AL) 30 .. 3 10 * 52 68 • 1'16
SELENIU" .TOTAL) 30 7 1 1 • 2 5 • 20
SILVER ITOTAL) 30 7 7 1" * 20 20 • 25
THAlLIU" noTAL» 29 2 0 1 • 1 1 • 2
ZINC nOTAL) 30 19 15 7 9 19 el7 103 188



Table V-22

WESTERN MINES
WASTEWATER CHARACTERIZATION SUMMARY

FINAL EFFLUENT
SUBCATEGORY ALKALINE DRAINAGE MINES

CONVENTIONAL AND NONCONVENTIONAL POLLUTANTS

--------------------------.---.---.------------.----------------------------------.-----------.-------
-----------------------------~-

DETECTED CONCENTRATIONS IN UG/L

COMPOUND

TOTAL
NUKBf.R
SAMPLES

NUMBER
TOTAL
DETECTS IUN lOll "ED IAN "AX

----------.------------------------------------.------------------------------.-----------------------
TOTAL SUSPENDED SOLIDS 11 11 2.. 00 2720 9650 217211 28893 97000
PH WNITS I 11 11 7.5 7.5 7.9 8.0 8." 8.5
TOTAL IKON 11 10 1'fO 1'10 3'19 '17" 1030 1200
KANGANESE (TOTAL) 11 11 17 18 .... 103 2"2 285.,..,

\J1
->



Table V-23

WESTERN MINES
WASTEWATER CHARACTERIZATION SUMMARY

FINAL EFFLUENT
SUBCATEGORY ALKALINE DRAINAGE MINES

TOXIC POLLUTANTS

------------.----------------------------------------- ------------------------.-------------~-------------

------------~---~.-------------

DETECTED CONCENTRATIONS IN U6/L

COMPOUND

TOTAL
NUMBER
SAftPLE"S

TOTAL
NUMOER
DETECT

NUMOER
sAMPLEs
)lOUG/L 'UN 101------------ ~ ~ M __ ~ p- ~- --- • __ • _

ANTIMONY (ToTAL t 11 3 2 3 • 7 10 • 15
ARSENIC nOTAL) 11 3 0 3 • If 5 • 6
BERYLLIUM 'TOTAL) 11 1 0 0 • 0 0 • 0
CAOMIUM (TOTAL) 11 1 0 9 • 9 9 • 9
CHROMIUM lfoT AL. 11 .. 3 8 • 11 30 • 5D....... COPPER CTOTAL} 11 7 2 3 • 9 9 • 15V1
LEAO CTOTAL} 11 :3 1 2 5 'f0 109(X) • •MERCURY ClOTAL) 11 2 0 0.83 • 0.83 1.72 • 2.60
NICKEL CTOTAL) 11 0 0 • • • • • •S[L£NIUM ClOl AU 11 1 0 2 • 2 2 • 2
SILVER ClOT AL t 11 0 0 • • • • * •THALL lUI' (loT AL) 11 1 0 1 • 1 1 • 1
ZINC (TOTAL) 10 6 6 1'1 * ..5 63 * 127



-' ,- Table V-24

COAL MINE DMR DATA
1979 AVERAGE TSS & Fe VALUES*:

ALKALINE EASTERN VS. ALKALINE WESTERN FACILITIES

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Overall Ave.
Values 1979

WESTERN **
TSS (mg/l)
Ave. Maximum Value 23.9 24.2 37.2 34.9 27.1 19.1 26.3 21.4 23.0 9.8 13.3 15.8 23.0
Ave. Minimum Value 4.2 4.5 7.3 7.3 5.2 7.2 6.4 5.2 4.6 3.3 5.4 6.6 5.6
Ave. Average Value 16.3 15.3 19.8 18.3 14.3 13.4 14.4 11.4 12.2 6.5 8.6 10.7 13.4

__ ~ ________________________ ~_________________ R __ ~_______ • _______________ ~_______________________________________

Fe (mgtl )

I-' Ave. Maximum Value 1.02 1.03 1.00 0.88 0.86 0.54 0.75 1:08 0.81 0.58 0.84 0.35 0.81
U1

0.36 0.25 0.31\D Ave. Minimum Value 0.36 0.10 0.10 0.17 0.28 0.28 0.19 0.18 0.13 0.23
Ave. Average Value 0.69 0.67 1.27 0.40 0.45 0.34 0.47 0.60 0.45 0.50 0.65 0.24 0.56

EASTERN**
TSS (n19/1)

Ave. Maximum Value 27.3 4.4 19.9 20.4 92.5 9.4 18.0 31. 1 25.6 81.0 17.9 46.0 32.8
Ave. Minimum Value 5.5 3.8 9.2 22.2 63.2 5.9 17.0 9.2 6.7 3.0 4.1 36.3 15.5
Ave. Average Value 16.3 12.4': 11. 3 16.0 48.9 11.6 13.5 17.2 11.2 21.8 7.8 21.8 18.0

Fe (mg/l)
Ave. Maximum Value 1.09 1.0 0.82 0.45 1. 79 0.52 1.16 0.80 0.18 0.45 1.00 1.01 0.91
Ave. Minimum Value 0.44 0.22 0.39.0.35 1.5 0.48 1.03 0.56 0.70 0.02 0.30 0.53 0.54
Ave. Average Value 0.65 0.41 0.42 0.35 1.3 0.39 1.0 0.49 0.5 0.73 0.44 0.93 0.63

*

**

Values do not include instances of liND Discharge," "No Reported Values," or violations due to
precipitation events.
Includes data from 10 Western facilities and 10 Eastern facilities.

--~~~'----
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Expected frequencies are given in parentheses.
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expected f~equencies a~e found by taking 25 pe~cent of the available
samples. Since the~e we~e 11 influent samples, one would expect
app~oximately th~ee to fall into each quad~ant if the dist~ibution of
TSS at Weste~n mines was simila~ to that at Easte~n mines. Figu~e V-5
shows that in most cases the obse~ved f~equencies a~e simila~ to the
expected f~equencies. The la~gest diffe~ences a~e found in the second
and fou~th quad~ants of the influent dist~ibution. Calculation of a
chi squa~e statistic indicates that these diffe~ences a~e not
statistically significant. Based on these facts, a sepa~ate

subcatego~y fo~ weste~n mines is not wa~~anted.
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SECTION VI

SELECTION OF POLLUTANT PARAMETERS

INTRODUCTION

The Agency has studied coal mining wastewaters to determine the
presence or absence of toxic, conventional, and non-conventional
pollutants. This section will address the selection of pollutant
parameters for post mining discharges and effluents that have
undergone BPT treatment. The quantities and treatability of
pollutants in these treated wastewaters will form the basis for
selection of pollutant parameters for regulation. The CWA requires
that effluent limitations be established for toxic pollutants referred
to in Section 307(a)(1). These pollutants, and the conventional and
selected nonconventional pollutants are summarized in Table VI-1. The
Settlement Agreement in Natural Resources Defense Council,
Incorporated vs. Train, 8 ERC 2120 (D.D.C. 1976), modified, 12 ERC
1833 (D.D.C. 1979), provides for the exclusion of particular
pollutants, categories and subcategories (Paragraph 8), according to
the criteria summarized below:

1. Equal or more stringent protection is already provided by EPA's
guidelines and standards under the Act.

2. The pollutant is present in the effluent discharge solely as a
result of its presence in the intake water taken from the same body of
water into which it is discharged.

3. The pollutant is not detectable in the effluent within the
category by approved analytical methods or methods representing the
state-of-the-art capabilities. (Note: this includes cases in which
the pollutant is present solely as a result of contamination during
sampling and analysis by sources other than the wastewater.)

4. The pollutant is detected in only a small number of sources within
the category and is uniquely related to only those sources.

5. The pollutant is present only in trace amounts and is neither
causing nor likely to cause toxic effects.

6. The pollutant is present in amounts too small to be effectively
reduced by known technologies.
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Table VI-l

LIST OF 129 PRIOR.ITY POLLUTANTS. CONVENTIONALS

AND NON-CONVENTIONALS (1)

Priority Pol1utants

166

(V)

(V) .:.

(V)

(V)

(V)

(V)
(B)

(mixed)

CB)

*acenaphthene (B)
*acrolein (V)***
*acrylonitrile (V)
*benzene (V)
*benzidene (B)
*carbon tetrachloride (tetrachloromeehane)
chiorobenzene (V)
l,2.4-trichlorobenzene
hexachlorobeozene (B)
l.2-dichloroethane (V)
l.l.l-trichiorethane (V)
hexachlorethane (B)
l,l-dichioroethane (V)
1,I,2-trichloroethane (V)
l,I,2)2-tetrac~loroethane
chioroethane (V)
bis (chloromethyl) ether
bis (2-chloroethyl) ether
2-chloroethyl vinyl ether
2-chloronaphchalene (3)
2,4,6-trichlorophenol (A)***
parachlorometa cresol (A)
*chlorofo~ (trichloromethane)
*2-chlorophenol (A)
1,2-dichlorobenzene (B)
1,3-dichlorobenzene (B)
l,4-dichlorobenzene (B)
3,3'-dichlorobeuzidine (8)
l,l-dichloroechyleue (V)
l,2-t:rans-dischloroethylene(V)
*2,4-dichlorophenol (A)
1,2-dichloropropane (V)
l,2-dichloropropylene (1,3-dichloropropene)
*2,4-dimenthylphenol (A)
2,4-dinitrotoluene (B)
2,6,-dinitrocoluene (3)
*1,2-diphenylhyd~a%i~e (8)
*ethylbenzene (V)
*fluoranthene (B)
4-chlorophenyl phenyl et~er CD)
4-bromophnyl phenyl ether (D)
bis(2-chloroisopropyl) ether (I)

1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
11.
18.
19.
20.
21.
22.
~3.
24.
25.
26.
27.
28.
29 •.
30.
31.
32.
33.
34.
3.5 •
36.
37.
38.
39.
40.
41.
42.
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Table VI-l (Continued)

LIST OF 129 PRIORITY POLLUTANTS, CONVENTIONALS

AND NON-CONVENTIONALS (1)

(!)

(B)

(D)

'.

(B)

(D)

bis(2-ehloroethoxy) methane (B)
methylene chloride (dich1oromethane) (V)
methyl chloride (chloromethane) (V)
methyl bromide (broqamechane) (V)
bromoform (tribromomethana) (V)
dichlorobromomethan6 (V)
trichlorofluoromethane (v)
dichlorodifluoromethane (V)
chlorodibromomethane (V)
*hexachlorobutadiene (B)
*hexachlorocyclopentadiene
*isophorone (D)
*naphthalene (B)
*nitrobenzene (B)
2-nitrophenol (A)
4-nitrophenol (A)
*2,4-d1nitropbenol (A)
4,6-dinitro-o-cresol (A)
N-nitrosodimethylamine (B)
N-nitrosodiphenylamine (B)
N-nitrosodi-n-propylamine (B)
*pentachloro~henol (A)
*phenol (A)
bis(2-ethylhexyl) phthalate
butyl benzyl phthalate (D)
di-n-butyl,. phthalate (B)
di-n-octyl phthalate (D)
diethyl phthalate (B)
dimethyl phthalate (B)
benzo (a)anthracene (1.2-benzanthracene) (B)
benzo (a)pyrene (3,4-benzopyrene) (I)
3,4-benzofluoranthene (I)
benzo(k)fluoranthane (ll.12-benzofluoranthene)
chrysene CD)
acenaphthylene (B)
anthracene CD)
benzo(ghi)perylene (l,12-benzoperylene)
fluorene (!)
phenathrene (B)
dibenzo (a,h)anthracene (l,2,S,6-dibenzanthracene)
1ndeno (1,2,3-cd)(2,3,-oephenylenepyrene) (B)
pyl:'ene (B)
*tetrachloroethylene (V)
*toluene (V)

43.
44.
45.
46.
47.
48.
49.
SO.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.



87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.

100.
10l.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114:
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.

Table VI-l (Continued)

LIST OF 129 PRIORITY POLLUTANTS, CONVtNTIONALS

AND NON-CONVENTIONALS (1)

*trichloroethy1ene (V)
*vinyl chloride (chloroechylene) (V)
*aldrin (P)
*dieldrin (p)
*chlordane (technical mixture and metabolites) (P)
4,4'.00T (P)
4.4 1 .DDE(p,p'DDX) (P)
4,4'.000(p,p'TDE) (P)
a-endasulfao-Alpha (P)
b-eodosulfan-Beta (P)
endosu1fan sulfate (P)
endrin (P)
endrin aldehyde (P)
hep tachlor (P)
heptachlor epoxide (P)
a-ARC-alpha (P) (B)
b-BHC-beta (P) (V)
r-BHC (lindane)-gamma (P)
g-BHC-delta (P)
PCB-1242 (Arochlor 1242) (P)
PCB-1254 (Arochlor 1254) (P)
PCB-122l (Arochlor 1221) (P)
PCB-1232 (Arochlor 1232) (P)
PCB-1248 (Arochlor 1248) (P)
PCB-1260 (Arochlor 1260) (P)
PCB-I016 (Arochlor 1016) (P)
*Toxaphene (P)
**2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDO) (P)
*Antimony (Total)
*Arsenic (Total)
*Asbestos (Fibrous)
*Beryllium (Total)
*Cadmium (total)
*Chromium (Total)
*Copper (Total)
*Cyanide (Toeal)
*Lead (Total)
*Mercury (Toeal)
*Nic::kel (Total)
*Selenium (Toeal)
*Silver (Total)
*Thallium (Total)
*Zinc (Total)
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Table VI-l (Continued)

LIS~ OF 129 PRIORITY POLLUTANTS, CONVENTIONALS

.' AND NON-CONVENTIONAL5 (l)
r- .r'

Conventional!

pH
Total Suspended Solids

Non-Conventionals

Iron
Manganese
Chemical Oxygen Demand (COO)
Total Organic Carbon (TOC)
Settleable Solids (55)

*5pecific compounds and chemical classes as listed in the
consent degree.

**This compound was specifically listed in ~~e consent degree.
***B ~ analyzed in the base-neutral extraction fraction

V • analyzed in the volatile organic fraction
A • analyzed in the acid extraction fraction
P • pesticide/polychlorinated diphenyl
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7. The pollutant is effectively controlled by the technologies upon
which other effluent limitations and guidelines are based. All
pollutants detected in treated effluents of the coal mining industry
are summarized in Table VI-2. These results are also summarized by
subcategory in Tables VI-3 through VI-7.

POLLUTANTS SELECTED FOR REGULATION IN THE COAL MINING POINT SOURCE
CATEGORY

Specific effluent limitations are being established for total
suspended solids, pH, iron and manganese for each subcategory except
post mining discharges from reclamation areas. (See the Coal Mining
Development Document for the BPT Regulations, for an explanation of
the selection of these pollutants and development of their
limitations.) Settleable solids and pH have been selected to control
effluents from reclamation areas and discharges from all subcategories
during rainfall events.

PRIORIT~ ORGANICS EXCLUDED fRQM REGULATION

All of the priority organic pollutants are excluded from regulation.
The reasons for their exclusion are presented in Table VI-8 and are
discussed below.

Priority Or.ganics riQi Detected in Treated Effluents

The Settlement Agreement provides for the exclusion from regulation of
toxic pollutants not detectable by approved methods or methods
representing state-of-the-art capabilities. The sixty-seven organic
priority pollutants not detected during sampling and thus excluded
from regulation are listed in Table VI-9.

Priority Organics Detected ~ to Laborator~ Analysis and Field
Sampli~ Contamination

Ten of the priority organics were detected in one or more of the
treated effluent samples; however, their presence is believed to be
the sole result of contamination by sources in the field or laboratory
independent of the composition of the actual wastewater. Table VI-l0
tabulates the pollutants in this category. Field controls and blanks
were used during each phase of the sampling program (Screening,
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Table VI-2A

'oJASTEHATER CHARACTERIZATION SUMMARY
FINAL EFFLUENT

ALL SUBCATEGORIES
TOXIC POLLUTANTS

------------------.-~--------------------------.----.-------------------------------------------------------
TOTAL TOTAL NJMBER DETECTED CONCENTRATIONS IN UG/L
NJMBER NUMBER SAMPLES -------------------------------

COMPOUND SAMPLES DETECT >10UG/L MIN 100t. MEDIAN MEAN 8~ MAX
-------------------------------------------~----.-----------------------------------------------------------

ACENAPHTHENE 53 0 0 ,. ,.
ACROLEIN 51 0 0 ,. •
ACRYLONITRilE 51 0 0 • . •
BENZENE 51 21 2 0 0 2 .. 7 18
BENZIDENE 53 0 0 * *CARBON TETRACHlORIDE 51 0 0 * *QiLOROBENZENE 50 0 0 * •
1.2.3-TRICHLOROBENZENE 53 0 0 • *HEXACHLOROBENZENE 53 0 0 · • · * ·1,2-DICHLOROETHANE 51 2 0 1 • t t to t
t,t,t-TRICHLOROETHANE 5t 11 0 1 t 2 2 3 3

I-l HEXACHLOROETHANE 53 t 0 3 • 3 3 to 3
-.:l '.1-DICHLOROETHAHE 51 0 0 ,.

*I-l t,t,2-TRICHLOROETHANE 51 0 0 .. · ,.· ·1,1.2,2-TETRACHLOROETHANE 51 1 0 3 to 3 3 • 3
CHLOROETHANE 5t 0 0 • ,.
BIS(CHLOROMETHYL) ETHER 51 0 0 .. *'BIS(2-CHLOROETHYL) ETHER 53 0 0 * *'2-CHLOROETHYL VINYL ETHER (MIXED) 51 0 0 * •2-CHLORONAPHTHALENE 53 0 0 .. *2 .... 8-TRICHlOROPHENDL 51 0 0 *

.,
PARACHLOROMETA CRESOL 51 0 0 · .. · •
CHLOROFORM 51 40 22 t 3 13 60 128 478
2-CHLOROPHENOL 51 0 0 * · • ·t.2-DIOHLOROBENZENE 53 2 1 3 t: 3 11 * 18
1,3-DICHLOROBENZENE 53 0 0 · * . · •
1,4-0ICHLOROBENZENE 53 t 0 3 • 3 3 • 3
3.3-DICHLOROBENZIDINE 52 t 0 3 .. 3 3 • 3



Table VI-2A(Continued)

WASTEWATER CHARACTERIZATION SUMMARY
FINAL EFFLUENT

ALL SUBCATEGORIES
TOXIC POLLUTANTS

________ • ____________ ~__________________ • _______ 4 _____------------------------------------------------------

TOTAL TOTAL MMlER DETECTED CONCENTRATIONS IN lJD/L
MMlER MJMBER $AIlFLES ----~--------~-----------------

a.aotJND SAMPLES DETECT >10UG/L MIN 10'l. MEDIAN MEAN 10'l. MAX
----------------------------------------------------------------------~-----------~-----------------.--~----

1.1-DICHLOROETHYlENE 51 3 0 3 • 3 3 • 3
'.2-TRANS-DICHLOROETMYLENE 51 11 0 0 0 2 2 3 10
2;4-DICHLOROPHENOL 51 0 0 • •
1,2-DICHLOROPAOPANE 51 0 0 " •
1.3-DICHLOROPROPENE 51 0 0 " "Z.4-0INETHYLPHENOL 51 0 0 * *2.4-DINITROTDLUENE 53 0 0 * "2,8-DINtTRDTOLUENE 52 0 0 • "1,2-DIPHENYlHYDRAZINE 53 0 0 · • · · • ·..... ETHYLBENZENE 52 8 1 1 " 3 3 • 11

-:I FLUORANTHENE 53 1 0 3 " 3 3 • 3
I\,) 4-CHLOROPHENYL PHENYL ETHER 53 0 0 " •

4-BROIIOPHENYL PHENYL ETtER 53 0 0 " "BIS(2-CHLOROtSOPROPYL) EllER 53 0 0 · • · • ·IIS(2-CHLOROETHOXY) METHANE 53 t () 3 • 3 3 " 3
METHYLENE OtLDRIDE (DtCHl.ORdETtWE ) 61 4' 41 3 3 895 5143 8S92 71000
METHYL OLORIDE 6t 0 0 • •METHYL BROMIDE 51 0 0 " "BROMOfORM 51 0 0 • •
DIOILOROBROMDM£THNtE 51 0 0 • · · " ·TRICHLOROFLUOROMETHANE 51 7 .., 14 " 17 21 • 37
DIOLORODlfl.UOlDEllWE 51 0 0 " •
OII.OROOI8RONOMETHANE 51 0 0 • •
HEXACHLOROBUTADIENE S3 0 0 • •
HEXAOLOROCYClOPENTADIEJE S3 0 0 " •
tSOPHDRDNE S3 0 0 · • · · •
NAPHTHALENE S3 4 3 3 • 11 10 • 14
NITROBENZENE S3 0 0 • •



Table VI-2A(Continued)

WASTEWATER CHARACTERIZATION SUMMARY
FINAL EFFLUENT

ALL SUBCATEGORIES
TOXIC POLLUTANTS

------------~-_.----~----------------------------- ..-.-------~.----~---.---~-.------------------------------TOTAL TOTAL NJM8ER DETECTED CONCtNTRATlCJ15 IN UG/L
..-ER NUMBER SAMPLES --------------.----------------

COMPOUND SAMPLES DETECT >IOUG/L MIN lOS MEDIAN •• ~ MAX
------------~-----------~----~-.--~--------------------------------------------~-------.-.--.---.--------.--

2-NITROPHENOL 5t 0 0 * •
4-NITRDPHENOL 51 0 0 · * · · • ·2.4-DINITROPHENOL 51 1 0 3 * 3 3 • 3
4.8-DINITRO-O-CRESOL It 1 0 3 * 3 3 • 3
N-NITROSOOIMETHYLAMINE 53 0 0 • •N-NITRDSODIPHENYLAMINE 53 0 0 • •
N-NITROSODI-~-PROPYLAMINE &3 0 0 · • · · • ·PENTACHLOROPHENDL lit 1 0 3 • 3 3 • 3
PHENOL 51 8 0 3 • 3 3 • 3

I-' BIS( 2-ETHYUIEXYL) PHTHALATE 62 38 27 3 3 170 935 1848 11000
-'l BUTYL BENZYl PHTHALATE 53 8 0 3 • 3 3 * 3w DI-N-BUTYL ~LATE 51 25 111 3 3 83 244 805 geo

DI-N-OCTYL PHtHA~TE 53 1 0 3 * 3 3 * 3
DIETHYL PHTHALATE S2 12 3 1 1 3 lOt 31S 710
DIMETHYL PHTHALATE 53 0 0 * *BENZO(A)ANTHRACENE 51 0 0 · • · · • ·8ENZO(A)PYRENE 53 2 0 3 * 3 5 * 8
BENZO(8)FLUORANTHENE 53 0 0 · • · · * ·BENZO(K)FlUORANTHENE 53 2 2 13 * 13 13 * 13
CHRYSENE 51 0 0 ., .,
ACENAPHTHYLENE 53 0 0 • *ANTHRACENE 61 0 0 · * · · * ·8ENZO(G.H.I)PERYLENE 53 4 2 3 * 3 8 • 13
FLUORENE 53 1 0 1 • 1 1 • 1
PHENANTHRENE 51 1 0 3 • 3 3 * "3
0IBENZO(A.H)ANTHRACENE 53 3 2 10 • 11 11 • 12
JNDENO(1.2.3-C,D)PYRENE 53 3 3 10 * to 11 • 11
PYREHE 53 1 0 2 * 2 2 • 2



Table VI-2A(Contin~ed)

WASTEWATER CHARACTERIZATION SUMMARY
FINAL EFFLUENT

ALL SUBCATEGORIES
TOXIC POLLUTANTS

------------.~.~-----------.-------------------------------------------------------.-----------------.------
TOTAL TOTAL NJMBER DETECTED CONCENTRATIONS IN UG/L
NJMBER NUMBER SAMPLES ----------------~--------------

COMPOUND S....LES DETECT >10u0/L MIN 1M MEDIAN MEAN 1M MAX
-------------------------------------~---------~------------------------------------------------------------

TETRACHLOROETHYLENE &1 t7 8 1 1 4 12 23 81
TOLUENE 51 22 5 0 0 2 7 20 40
TRICHlOROETHYLENE 5. 3 0 1 .. 2 2 .. 3
VINYL QlLORIDE 51 0 0 . .. .. .
ALDRIN 47 2 0 2.24 .. 2.24 2.24 .. 2.24
DIELDRIN 47 0 0 .. ..
OilORDANE 49 0 0 · .. ..
4,4-ooT 41 1 0 2.24 .. 2.24 2.24 .. 2.24
4,4-ooE 41 0 0 · .. . .. .

I--' 4,4-000 47 1 0 2.24 .. 2.24 2.24 • 2.24-.1
~ ENDOSULFAN-ALPHA 47 0 0 • ..

ENDOSULFAN-BETA 47 0 0 • ..
ENDOSULFAN SULFATE 49 0 0 .. •
ENDRIN 49 0 0 .. ..
ENORIN ALDEHYDE 47 0 0 · .. . . .. .
HEPTACHLOR 47 2 0 2.24 .. 2.24 2.24 .. 2.24
HEPTACHLOR EPOXIDE 47 1 0 2.24 .. 2.24 2.24 .. 2.24
BHe-ALPHA 47 3 0 0.10 .. 1.17 1.52 .. 2.24
BHC-BETA 47 3 0 0.28 • 1.25 1.58 • 2.24
SHe {LiNDANE)-GAMMA 47 2 0 2.24 .. 2.24 2.24 .. 2.24
BHC-DEL.TA 47 3 0 0.10 .. 1.17 1.&2 .. 2.24
PCB-'242 (AROCHLOR t242) 49 0 0 .. "PCB-1254 (AROCHlOR US4) 49 0 0 " ..
PCB-122t (AROCHLOR 1221 ) 49 0 0 .. •
PCB-1232 (AROCHlOR 1232) 49 0 0 .. •
PCB-1248 (AROCHt.OR 1248J 49 0 0 " ..
PCB-12ao (AROCHLOR 1280) 41 0 0 .. ..
PCB-1018 (AROCHLOR 1018) 49 0 0 • •



Table VI-2A(Continued)

WASTEWATER CHARACTERIZATION SUMMARY
FINAL EFFLUENT

ALL SUBCATEGORIES
TOXIC POLLUTANTS

------------------------------------------------------------------------------------------------------------TOTAL TOTAL MJIl8ER OETECTED CONCENTRATIONS IN IIG/L
NUIIIIER NUIIIIER S~ES -------------------------------

COIlPlIUNO SAMPLES DETECT >IOUG/L MIN lOll MEDIAN MEAN lOll MAX
------------------------------------------------------------------------------------------------------------

TOXAPHENE 49 0 0 • •
2,3,7,I-TETRACHlORODIBENZO-P-DIOXIN 53 0 ,0 • . • .
ANTHRACENE/PHENANTHRENE 48 8 2 3 • 3 13 • 311
BENZO(A)ANTHRACENE/CHRYSENE 14 1 0 3 • 3 3 • 3
BENZO(3.4/K)FLUORANTHENE 12 0 0 • . •
ANTIMONY (TOTAL) 114 44 17 1 f 4 21 82 2511

'-' ARSENIC (TOTAL) f14 44 14 2 2 8 12 28 72
--l BERYLLIUM (TOTALf f14 7 0 0 • f 2 • 3
\J1 CADMIUM (TOTAL) 114 18 8 3 4 12 12 17 23

CHROMIUM (TOTAL) 1t4 83 511 8 8 30 48 83 leo
COPPER (TOTAL) 114 81 33 3 8 11 15 27 48
CYANIOE (TOTAL) 82 5 0 3 • 4 5 • 7
LEAD (TOTAL) f14 22 13 2 3 2f Be 104 820
MERCURY (TOTAL) f14 39 1 0.10 0.30 0.70 1.47 2.111 13.00
tUCl<EL (TOTAL) 112 25 23 5 15 80 75 f31 182
SELENI•."" (TOTAL) 114 32 15 1 f 8 22 84 1110
SILVER (TOTAL) 114 29 21 2 II 15 18 28 31
THALLIUM (TOTAL) 113 19 5 1 1 2 13 24 137
ZINC (TOTAL) 113 III 79 8 10 40 III 131 382



Table VI-2B

t.,ASTEWATER CHARACTERI ZATION SUMMARY
FINAL EFFLUENT

ALL SUBCATEGORIES
CONVENTIONAL AND NONCONVENTIONAL POLLUTANTS

-----_.-------.------------~---------~-----_ ..~----------------------_.------_._-----------------------------
TOTAl. TOTAL DETECTED CONCENTRATIONS IN UQ/L
HlMIER NJMBER ----~--------------------------

CQMPCUI) SNPLES DETECTS MIN 1M MEDIAN MEAN 1M MAX
___ • _______ w __________________________________________ ------------------------------------------------------

TOTAL SUSPENDED SOLIDS 110 109 32 2500 15925 28507 82200 450000
PH (UNITS) 113 113 3.2 S.B 7.8 7.8 8.4 10.8
IfOI (TOTAl) 115 111 2t 128 528 1239 3120 11205
MANGANESE (TOTAL) 110 88 11 25 303 922 2020 7187
ASBESTOS(TotAL-FIBERS/LITER) 24 24 5eoooo 1379£4 8.00£5 8188£8 1800f1 5200E1
coo 82 55 ~o 11800 24350 89589 48000 3280E3

l-' DISSOLVED SOLIDS 45 45 35000 115000 805000 1232E3 2850E3 6800E3
-..:l TOTAL VOLATILE SOLIDS 48 46 26000 51200 135000 1689E3 487599 6700E4
0'1 VOLATILE SUSPENDED SOLIDS 3S 27 1000 1000 4700 13304 15120 200000

SETTLEABLE SOLIDS 68 47 0.0 0.0 0.0 4.9 0.2 200.0
TOTAL ORGANIC CARBON 58 51 260 1051 9000 15388 38940 65000
FREE ACIDITY (CAC03) 2 2 50 • 50 14025 • 28000
NO ALkALINITY (CAC03) 47 47 100 18400 13000D 110428 383000 620000
PHENOLICS (4AAP ) s. 10 2 2 13 15 20 40
SULfATE 8 6 130000 • 246687 552778 • 1373E3
TOTAL ACIDITY (CAC03) 4 4 3000 • 4000 5500 * 10500
TOTAL SOLIDS 43 43 7000 283000 835000 5895£3 4043£3 19OOE5



Table VI-3
WASmolATER CHARACTERIZATION SUMMARY

FINAL EFFLUENT
SUBCATEGORY ACID DRAINAGE MINES

TOXIC POLLUTANTS

------------~--------------.----------~---------------.~---------~------.--------------.-----------.~-------
TOTAL TOTAL NUMBER DETECTED CONCENTRATIONS IN UG/L
NUMBER NJMBER SAMPLES

CDFOUND SAMPLES DETECT >10UG/L NIN t~ MfOIAN M£~ 80% MAX
------------------------------------------------------------------------------------------------------------

ACENAPHTHENE 13 0 0 ,.
'"ACROLEIN 13 0 0 ,.
'"ACRYLONITRILE 13 0 0 . • . . •

BENZENE 13 9 0 t ., 2 3 '" 7
BENZIDENE 13 0 0 '"

,.
CARBON TETRACHLORIDE 13 0 0 ,. ,.
CHLOROBENZENE 13 0 0 '" •
1,2,3-TRICHLOROBENZENE 13 0 0 ,.

'"HEXACHLORDBENZENE 13 0 0 ,. •
1,2-0ICHlOROETHANE f3 0 0 '" . •

~ 1,1,1-TRICHLOROETHANE 13 3 0 1 ,. 1 2 • 2
-...3 HEXACHLOROETHANE 13 0 0 • •-J 1,1-DICHlOROETHANE 13 0 0 '" *1,1,2-TRICHLOROETHANE 13 0 0 • •

1,t,2,2-TETRACHLOROETHANE 13 0 0 * •CHLOROETHANf 13 0 0 * *8IS(CHLOROMETHYL) ETHER 13 0 0 • •
BIS(2-CHLDROETHYL) ETHER 13 0 0 • •2-CHLOROETHYL VINYL ETHER (NIXED) 13 0 0 • ,.
2-CHLORONAPHTHALENE 13 0 0 • *2,4.6-TRICHLOROPHENOl 1f 0 0 • •
PARACHLOROMETA CRESOL 1t 0 0 • • .
CHLOROFORM 13 10 6 1 1 14 72 170 442
2-CHLOROPHENOL 11 0 0 * •
1,2-DICHlOROBENZENE 13 0 0 *

,.
1.3-DICHlOROBENZENE 13 0 0 '" *1.4-DICHLDROBENZENE 13 0 0 • •3.3-DICHlOR08ENZIDINE 12 0 0 • •



Table VI-3 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
FINAL RFFLUENT

SUBCATEGORY ACID DRAINAGE MINES
TOXIC POLLUTANTS

----..-----~----~-----•.-.--------~--------------.----______ ~__________._4__~____________ ~ __. _________ ~_____
TOTAL TOTAL ....ER DETECTED CONCENl'RATltIfS IN UQ/L
....ER MMJER SAMPlES

CCJIIIIOlN) s.-..LES DETECT >lOUG1L MIN 101 MEDIAN MEAN 80s MAX
----------.-~------------.---.--------------~---------------~---------.~--------------.---------------------

1.1-D!CHlORO~LENE 13 0 0 · .. · .. ·1.2-TRANS-DICHlOROETHYLENE 13 • 0 1 .. , 2 " 2
2~~-DICHlOROPHENOL 11 0 0 .. •
1.2~DICHLOROPROPANE 13 0 0 • ..
1.3-DICHlOROPROPENE 13 0 0 .. ..
2••-DIME~LPHENOL 11 0 0 • •2.4-DINITROTOLUENE 13 0 0 .. ..
2.6-DINI1ROTDLUENE 13 0 0 " •1.2-DIPHENYLHYDRAZINE 13 0 0 · .. · .. ·ETHYLBfHZEHE 14 3 0 1 .. 1 2 $: 3
fUJORANTHENE 13 0 0 .. ..

I-' 4-aiLOROPHENYL PHENYL ETHER 13 0 0 " "-.. 4-BROI«JPHENYL PHENYL ETHER 13 0 0 .. •(Xl
8IS(2-CHLOROISOPRQPYL) ETHER t3 0 0 • .-
8IS(2-QiLOROETHDXY) METttANE 13 0 0 · .. · · ..
JlEtHrUHE 0fL0R1D£ (DICHI.OIaRl'HAN£) f3 f3 12 7 7 2250 3M8 8843 13000
METttYL QLORIDE 13 0 0 • ..
METHYL BROMIDE 13 0 0 .. •
BRQIIJFORM 13 0 0 • ..
DIOILOROBROMDIIIETHANE 13 0 0 · *' · · • ·TRlotLOROFLUOROMETHAHE 13 2 2 14 *' 14 28 " 31
Dla-LORQDI FLUDROMETHANE 13 0 0 • ..
OILOROOI~THANE 13 0 0 • ..
HEXAQLOROIlUTADI ENE 13 0 0 .. •
HEXAaLDROCYa.oPENTADIENE 13 0 0 *' •
ISOPHORONE 13 0 0 · *' · · *' ·
NAPHTHALENE 13 2 2 12 .. 12 13 $: 14
NIT_ENZENE f3 0 0 *' ..



Table VI-3 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
FINAL EFFLUF.NT

SUBCATEGORY ACID 'DRAINAGE MINES
TOXIC POLLUTANTS

--------~.----------.--~-.-.-----------------.--------------- ..----~--------------------------.---~---------TOTAL TOTAL .-ER DETECTED CONCENTRATIONS IN UQ/L
NlMIER tueER $AllF'LES

a.ouND SAMPLES DETECT >IOUIl/L MIN 101 _DIAN _AN iOi MAX
-.---.--------------~------------------------.-------- _______ M __~_••_~___ ~___ • ___________ • __________________

2-NITROPHENOL if 0 0 • •
4-NITROPHENOL 11 0 0 • •
2.4-DINITROPHENOL 11 0 0 • ..
4.B-DINITRO-O-CRESOL 11 0 0 • ..
N-NITROSODIME~LAMINE 13 0 0 • •
N-NITROSOOIPHENYLAMINE 13 0 0 • •
N-NITROSODI-N-PROPYlANINE 13 0 0 • •.... PENTAatLOROPHENOL 11 0 0 • •

-.:I PHENOL 11 0 0 · • · · .. ·~ BIS( 2-ETHYUfEXYL) PtmfALATE 13. It 11 4 4 .11 IB88 3004 11000
BUTYL BENZYL PHTHALATE 13 1 0 3 • 3 3 • 3
01 -N-8UTYL PHTHALA'h:: 12 8 7 3 '. 2f. 28f • 110O
DI-N-OCTYL PHTHALATE 13 0 0 • · · • ·DIETHYL PHTHALATE 13 4 1 1 • 1 4 • 13
DIMETHYL PHTHALATE f3 0 0 .. •
8ENZO(A)ANTHRACENE U 0 0 · • · · • ·BENZO(A)PYRENE 13 2 0 3 • 3 I .. 8
BENZO(B)fLUORANTHENE 13 0 0 · • · · • ·BENZD(K)FLUORANTHENE f3 2 2 13 • 13 13 • 13
QiRYSENE 11 0 0 • •
ACENAPHTHYLENE 13 0 0 • ..
ANTHRACENE It 0 0 · • · · •
8ENZO(G.H.l)FfRYLENE 13 2 -2 11 • 11 12 • 13
FLUORENE 13 0 0 · • · · • ·P}tENANTHRENE 11 1 0 3 • 3 3 • 3
DIBENZO(A.H)AHmHRACENE 13 2 1 10 .. 10 It • t2
INDENO(I.2.3-C.D)PVRENE 13 2 2 11 • 11 It • 11
PYRENE 13 0 0 • •



-Table VI-3 (Continued)

WASTET-lATER CHARACTERIZATION SUMMARY
FINAL EFFLUENT

SUBCATEGORY ACID DRAINAGE MINES
TOXICE POLLUTANTS

----~--------.--------------------------~------ ..--------------..---..--.------------.---------.------------
TOTAL TOTAL NJMBER DETECTED CONCENTRATIONS IN UG/L
..-ER MJMBER SAMPLES

COMPOlN) SAJFLES DETECT >fOUO/L NIN 1ft MEDIAN _AN lOX IILtX

-,-------.-------------------------------------.-~----------------------.-----------------------------------

TETRACHLOROETHYLENE 13 II 3 2 .. • 13 .. 3t
TOLUENE 13 7 0 0 .. 2 3 .. •TRICHlOROETHYLENE 13 0 0 .. ..
VINYL atlORIDE 13 0 0 .. ..
ALDRIN • 0 0 .. ..
DIELDRIN 8 0 0 .. ..
CHLORDANE I 0 0 .. ..
4.4-DDT 8 0 0 .. ..
4.4-00E I 0 0 • ..

..... ".4-DOD I. 0 0 .. ..
co ENDOSULFAN-ALPHA 8 0 0 .- ..
0 ENDQSULFAN-BETA It 0 0 • ..

ENDQSULFAN SULFATE B 0 0 .. ..
ENDRIN 8 0 0 .. ..
ENDRIN ALDEHYDE 9 0 0 .. ..
HEPTACHt..OR 9 0 0 ., ..
HEPTACHLOR EPOXIOE 9 0 0 . .. . . .. .
BHe-ALPHA 8 1 0 2.24 .. 2.24 2.24 .. 2.24
BHC-BETA 8 t 0 2.24 .. 2.24 2.24 .. 2.24
BHC (L1NDANE)-GAMMA • 1 0 2.24 .. 2.24 2.24 .. 2.24
BHC-DELTA 9 t 0 2.24 .. 2.24 2.24 .. 2.24
PCB-1242 (ARoatLOR 1242) • 0 0 .. ..
PCB-12S4 (AROOIlOR 1254) 8 0 0 .. ..
PCB-1221 (AROa-tLOR 1221) • 0 0 .. ..
PCB-1232 (AROOlLDR 1232) • D 0 *' *'PCB-1248 (AROCHlOR 1248) • 0 0 .. ..
PCB-UBD (AROCHlOR 1260) 9 0 0 *' •
PCB-10t8 (AROCHLOR 1018) • 0 0 *' '"



Table VI-3 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
FINAL EFFLUENT

SUBCATEGORY ACID DRAINAGE MINES
TOXIC POLLurANTS

___________ • ___ ~ _______________ M ______• _____ • ____._.__--•••-.----------------------.-~----------------------

TOTAL TOTAL tlJM8ER DETECTED CONCENTRATIONS IN UG/L
NUMBER .....ER SAMPLES

COMPOUND SAIFLES DETECT >10u0/L MIN 101 MEDIAN MEAN 80S MAX
------------~--------------.-------.~----------------- _._~ ___ • ______________________ H. ___~_~_._.____________

TOXAPHENE • 0 0 • •
2.3.7.8-TETRACHlORODIBfNZO-P-OIOXIN 13 0 0 · .. . . .. .
~HRACENE/PHENANTHRENE 11 2 2 21 • 21 32 • 35
BENZO(A)ANTHRACENE/CHRYSENE 4 0 0 .. ..
BENZO(3.4/K)FLUORANTHENE 2 0 0 · • . . •
~IMONY (TOTAL) 23 10 1 2 2 3 I • 13
ARSENIC (TOTAL) 23 10 7 2 2 13 18 2e 37
BERYLLIUM (TOTAL) 23 1 0 3 .. 3 3 • 3
CADMIUM (TOTAL) 23 2 2 12 .- 12 US • 1..... CHROMIUM (TOTAL) 23 13 12 • 10 27 38 87 128CD.... COPPER (TOTAL) 23 15 I 8 8" 12 14 21 27
CYANIDE (TOTAL) 1& 1 0 8 " 8 8 • 8
LEAD (TOTAL) 23 I 3 3 • 40 187 • 820
MERCURY (TOTAL) 23 10 0 0.30 0.30 0.80 1.09 Leo 2.&0
NICKEL (TOTAL) 23 8 7 5 • 81 82 • 180
SELENIUM (TOTAL) 23 11 7 1 1 12 25 811 77
SILVER (TOTAL) 23 11 • 2 2 11 18 28 30
THALLIUM (TOTAL) 23 3 0 2 '" 2 2 .. 3
ZINC (TOTAL) 23 t. ta 8 18 3. 83 142 187



Table VI-J (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
FINAL EFFLUENT

SUBCATEGORY ACID DRAINAGE MINES
CONVENTIONAL AND NONCONVENTIONAL POLLUTANTS

-_._-~------------------------------_._._----------_.~------------------------------_.--.--.---------_.--
TOTAL ....ER DETECTED CONCENTRATIONS IN UOi/L
"'ER TOTAL --.------------.---------------

COMPOUND SAMPLES DETECTS MIN 1Qf, MEDIAN MEAN lOS MAX
---------------~-------------------------_._------------~-------------------------------------------~---

TOTAL SUSPENDED SOLIDS 22 21 2700 38115 14000 34UJ4 112300 117850
Ptf (UNITS) 24 24 3.5 8.1 7.3 7.5 8.8 10.8
IRON nOTAL) 23 22 83 71 859 1575 4400 8500
MANGANESE (TOTAL) 23 22 22 12 1300 2088 5872 7187
ASBESTOS (TOTAL-FIBERS/LITER) 8 8 18000O • 1300E5 1458£& • 2100E8
coo 15 10 10200 10200 23887 43837 48400 ooסס11

DISSOLVED SOLIDS 14 14 35000 41400 ooסס33 1223£3 2820£3 B8OOE3
TOTAL VOLATILE SOLIDS 10 10 ooסס3 30000 135000 218825 430000 ooסס53

..... VOLATILE SUSPENDED SOUDS- 8 4 1400 * 1400 3500 • 8BOO
CX> SETTLEABLE SOLIDS 14 • 0.0 • 0.0 0.1 • 0.1
I\) TOTAL ORGANIC CARBON 15 14 280 385 8100 7457 1&840 17200

fREE ACIDITY (CAC03) 1 1 28000 • 28000 28000 • 28000
NO ALkALINITY (CAC03) 13 13 100 3870 21000 47238 1t3400 ooסס13

PHEN:JLICS(4MP) 15 2 14 • 14 17 • 20
SULFATE & B 130000 • 441887 821333 • 1373E3
TOTAL SOLIOS to 10 430000 430000 2100E3 3OIOE3 5OOOE3 8100E3



Table VI-4

WASTET·TATER CHARACTERIZATION SUMMARY
FINAL EFFLUENT

SUBCATEGORY ACID DRAINAGE MINES
TOXIC POLLUTANTS

--------------------------------------------.----------~-------.-.---------------------------.-~------------TOTAL TOTAL MRER DETECTED CONCENTRATIONS IN UG/L
NUMBER NUMBER SAMPLES

COMPOUND SAMPLES DETECT >10UG/L MIN 10Y, MEDIAN MEAN 11070 MAX
--------.-------.~.---------------.-~-.------~----------~.-------------~------------~~--.---------_.--------

ACENAPHTHENE 30 0 0 • •ACROLEIN 28 0 0 * *ACRYLONITRI LE 28 0 0 . * · · * ·BENZENE 28 • 1 0 * t 3 .. 18
BENZIoENE 30 0 0 * ..
CARBON TETRACHLORIDE 28 0 0 * ..
OfLOROBENZENE 27 0 0 * ..
t.2,3-TRICHlOROBENZENE 30 0 0 * ..
HEXACHLOROBENZENE 30 0 0 .. · · .. ·..... 1.2-DICHlOROETHANE 28 2 0 f • t 1 * 1co 1,1,'-TRICHLOROETHANE 28 4 0 , .. 1 2 .. 3W
HEXACHlOROETHANE 30 1 0 3 • 3 3 • 3
1.'-DICHLOROETHANE 28 0 0 • •
t,1.2-TRICHLOROETHANE 28 0 0 • ..
1,1,2,2-TETRACHLOROETHANE 28 0 0 • ..
CHLOROETHANE 28 0 0 • ..
BIS(CHLOROMETHYL) ETHER 28 0 0 .. ..
BIS(2-CHLOROETHYL) ETHER 30 0 0 .. ..
2-CHLOROETHVL VINYL ETHER (MIXED) 28 0 0 .. ..
2-CHLORONAPHTHALENE 30 0 0 • *2,4,B-TRICHLOROPHENDL 30 0 0 • •PARACHLORDMETA CRESOL 30 0 0 • · · •CHlOROFORM 28 21 11 2 3 11 50 121 4B8
2-QiLOROPHENOL 30 0 0 . • · • ·1,2-DICHLOROBENZENE 30 2 1 3 .. 3 11 .. ,.
'.3-DICHLOROBENZENE 30 0 0 • · · •1,4-DICHLOROBENZENE 30 1 0 3 ., 3 3 • 3
3.3-DICHLOROBENZIDINE 30 t 0 3 • 3 3 .. 3



Table VI-4 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
FINAL EFFLUENT

SUBCATEGORY ACID DRAINAGE MINES
TOXIC POLLUTANTS

--------.---------------------------------.---------.------------------------------------_..----------------TOTAL TOTAL NJMIIER DETECTED CONCEHTRATIONS IN UQ/L
ruefR ...-ER SAMPLES

COIFOUND SMPLES DETECT >UlUG/L IIIN tOS MEDIAN MEAN lot MAX
-----------------------------------------~--~--------- __________________ w_~____________________________ ~ ____

1,1-DICHLOROETHWLENE 28 2 0 3 • 3 3 • 3
f,2-TRANS-DI0tL0R0ETHYLENE 28 3 (, 0 • f f " 2
2~4-DICHLOROPHENOL 30 0 0 " •
1,2-DI~OROPROPANE 28 0 0 " •
1.3-DICHLOROPROPENE 28 0 0 • •2.4-DIMETHYLPHENOL 30 0 0 " •
2.4-DINITROTOLUENE 30 0 0 • •
2.8-DINITROTOlUENE 30 0 0 • •
1.2-DIPHEHY~QRAZJHE 30 0 0 " · · " ·ETHYLBENZENE 28 4 1 1 " 3 IS " 11.... FLUORANTHENE 30 1 0 3 " 3 3 • 3

00 4-CHLOROPHENYL PHENYL ETHER 30 0 0 • •
~ 4-BAOMDPHEHYL PHENYL ETHER 30 0 0 • "BIS(2-CHLOROISOPRQPYL) ETHER 30 0 0 • •BIS(2-otlOROETHOXY) METHANE 30 0 '0' . • · · " ·METK'fLENE QtLORIOE (Dla«...oROllElHA) 28 25 22 3 3 712 ISOtO ..82 71000

METHYL OIlORIDE 28 0 0 • "METHYL BROMIDE 28 0 0 " "BRCMJFORM 21 0 0 • "DIOfLOROBRC»DIETHANE 28 0 0 . .. · · • ·TRlotLOROfLUOROMETHANE 28 4 4 18 " 17 1. * 2S
DJOfLORQDJFUJDROMEl'HANE 28 0 0 * ..
OtLORODIBRmOETHANE 28 0 0 " ..
HEXACHLoRoButADIENE 30 0 0 • "HEXACHl.ORDCYClOPENTADIENE 30 0 0 " •
lSOPHDRONE 30 0 0 .. · • ·NAPtmtALENE 30 t 1 11 " f1 f1 • 11
NITROBENZENE 30 0 0 .. ..



Table VI-4 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
FINAL EFFLUENT

SUBCATEGORY ACID DRAINAGE MINES
TOXIC POLLUTANTS

----------------.------------.-.-.-.------------------._._________ • ______._._____________ M ____~_~__ • ________

TOTAL TOTAL ___ER DETECTED CONCENTRATIONS IN UGIL
....ER ....ER SAMPLES

COMPQlIIID SAMPLES DETECT >10UG1L MIN 1M _DIAN MEAN ,01 MAX

---------------------.-----~-----.--------.-------------.-----------.----------------- ..---------~----------
2-NITRDPHENDL 30 0 0 • •4-NITRDPHENOL 30 0 0 · • · · • ·2.4-DtNITROPHENOL 30 1 0 3 • 3 3 • 3
4.e-DINITAO-O-CRESOL 30 1 0 3 • 3 3 • 3
N-NITROSODINETHYLAMINE 30 0 0 • •
N-NI~ROSODIPHENYLAMINE 30 0 0 • •N-NITROSODI-N-PRQPYLAMINE 30 0 0 · • · • ·PENTACHlOAOPHENOL 30 1 0 3 • 3 3 • 3
PHENOL 30 $ 0 3 • 3 3 * 3
81$(2-ETHYlHEXYL) PHTHALATE 30 t8 12 3 3 110 1S12 118 4400

I-' BUTYL BENZYL PHTHALATE 30 5 0 3 • 3 3 • 3
CD Ol-N-BUTYL PHTHALATE- 30 12 B 3 3 3 280 814 980
V1 DI-N-OCTYl PHTHALATE 30 1 0 3 * 3 3 • 3

DJETHYL PHTHALATE 30 IS 1 3 • 3 81 • 310
DIMETHYL PHTHALATE 30 0 0 • •BENZO(A)ANTHRACENE 30 0 0 • *8ENZO(A)PYRENE 30 0 0 • •BENZO(. )fLUORNlTHfNE 30 0 0 • •BENZO(K)FLUORANTHENE 30 0 0 • •CHRYSENE 30 0 0 • •ACENAPHTHYLENE 30 0 0 • •ANTHRACENE 30 0 0 · * · · • ·8ENZO(G.H.I)PERYLENE 30 2 0 3 • 3 3 * 3
FLUORENE 30 1 0 1 • 1 1 • 1
PHENANTHRENE 30 0 0 · • · · • ·DIBENZO(A.H)ANTHRACENE 30 1 1 12 * 12 12 • 12
INDENO(1.2,3-C,D)PYRENE 30 1 1 10 • 10 10 • 10
PYRENE 30 1 0 2 * 2 2 * 2



Table VI-4 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
FINAL EFFLUENT

SUBCATEGORY ACID DRAINAGE MINES
TOXIC POLLUTANTS

___ w ______________________________________ ~ ________ • __--.-.-.--~--~------.--------------------.-.-----------

TOTAL TOTAL tlJMBER DETECTED CONCENTRATIONS IN UG/L
....ER .....ER SAMPLES

COMPOUND SAMPLES DETECT >tOUG/L MIN 1~ MEDIAN MEAN lOS MAX
_________________________________ e _____._4______ w. ____.--------------.------~.-----.---------.---------.-.--

TETRACHLOROETHYLENE 28 I 2 1 • 4 14 .. 8.
TOLUENE 28 10 4 0 0 2 12 CO 40
TRICHLOROEtHYLENE 28 2 0 1 \ 1 2 * 3
VINYL QfLQRIDE 28 0 0 . .. . . *ALDRIN 28 1 0 2.24 .. 2.24 2.24 .. 2.24
DIELDRIN 28 0 0 .. •
QiLORDANE 30 0 0 .. ..
4.4-DDT 2' 0 0 " "4.4-DOE 28 0 0 .. •...... 4.C-DDD 2' 0 0 .. •00

0'1 ENDOSULFAN-ALPHA 2a 0 0 • ..
ENDOSULFAN-BETA. 28 0 0 t: ..
ENDOSULFAN SULFATE 30 0 0 .. *ENDRIM 30 0 0 • •
ENDRIN ALDEHYDE 28 0 0 '* . . " .
HEPTACHLOR 28 t 0 2.24 • 2.24 2.24 • 2.24
HEPTACHLOR EPaXIDE 28 1 0 2.24 .. 2.2e 2.24 .. 2.24
BHe-ALPHA 2a 1 0 0.10 • 0.10 0.10 • O.tO
BHe-BETA 28 1 0 0.28 .. 0.28 0.28 • 0.28
BHe (L1NDANE)-GAMMA 28 1 0 2.24 *' 2.24 2.24 .. 2.24
SHe-DELTA 28 t 0 0.10 *' 0.10 0.10 '" 0.10
PCB-1242 (AROCIiLOR 1242) 30 0 0 '" ..
PCB-t2SC (AROOtLOR 1254) 30 0 0 '" '"PCB-122t (AROOtLOR 1221) 30 0 0 • ..
PCB-1232 (AROCHLOR t232) 30 0 0 *' ..
PCB-t2CS (AROOILOR 1248) 30 0 0 .. '"PCB-1280 (AROaILOR 1260) 30 0 0 • '"PCB-101S (AROCHLOR 1018) 30 0 0 t: '"



Table VI-4 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
FINAL EFFLUENT

SUBCATEGORY ACID DRAINAGE MINES
TOXIC POLLUTANTS

------------.-------------..----------------.---...----------~-------~~-----.--._-----~--------------------.TOTAL TOTAL ..-ER DETECTED CONCENTRATIONS IN UG/L
fUllER ....ER SAMPLES

COMPOUND SAMPLES DETECT >10UG/L MIN 101 IEDUN lEAN iOi MAX

------------------------------.-------------------------.---------------------------..----------------------
TOXAPHENE 30 0 0 * •2,3,7,8-TETRACHLORODIBENZO·P·DIOXIN 30 0 0 . * . . * .
ANTHRACENE/PHENANTHRENE 29 3 0 3 • 3 3 • 3
BENZO(A)ANTHRACENE/CHRYSENE 8 1 0 3 * 3 3 • 3
BENZO(3.4/K)FLUORANTHENE 8 0 0 . • . *
ANTlMONV (TOTAL) &7 l' & 1 1 3 8 111 1.
ARSENIC (TOTAL) 57 25 4 2 2 8 I 12 72

..... BERYLLIUM (TOTAL) 57 1 0 0 • 0 0 * 0
00 CADMIUM (TOTAL) 57 7 I 5 • 14 14 • 23
-.:l CHROMIUM (TOTAL) 57 32 28 8 10 34 83 84 880

COPPER (TOTAL) 57 24 • 3 15 I 13 27 40
CYANIDE (TOTAL) 37 4 0 3 • 3 4 * 7
LEAD (TOTAL) 57 14 8 2 2 20 38 81 109
MERCURY (TOTAL) 57 25 1 0.10 0.30 0.85 1.83 2.20 13.00
NICKEL (TOTAL) 157 • • 10 • 155 82 * 148
SELENIUM (TOTAL) 87 12 3 1 1 3 1. 24 180
SILVER (TOTAL) 57 • • 13 * 17 ,. * 25
THALLIUM (TOTAL) 58 • 2 1 * 2 I • 23
ZINC (TOTAL) 58 31 33 1 to u 12 tot 111



Table VI-4 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
FINAL EFFLUENT

SUBCATEGORY ACID DRAINAGE MINES
CONVENTIONAL AND NONCONVENTIONAL POLLUTANTS

________________ ~ . __ ~ ~ __~--------.---- w_. ._~ ~ .
.DETECTED CONCENTRATIONS IN UG/LTOTAL

....ER
SAMPLES

roeBl
TOTAL
DETECTS MIN 10S MEAN 1M

TOTAL SUSPENDED SOLIDS 5& 58 32 2000 12500 28542 70827 450000
PH (l.WJTS) 58 18 3.2 7.1 7.1 7.7 1.4 8.4
IRON (TOTAL ~ 57 &4 21 132 380 .82 2581 &100
MANGANESE (TOTAL) &8 47 11 11 170 38t 1100 ~IOO

ASBESTOS(TOTAL.-FIBERS/LITER) 15 15 3300£4 3300£4 2050£8 1053E7 2950E7 &200E7
COD 37 35 40 .700 22413 111'47& 45500 3260E3
DISSOLVED SOLIDS 23 23 88000 205000 aeoooo 1198E3 2780E3 38OOE3

l-' TOTAL VOLATILE SOLIDS 28 29 44000 85200 13&000 2571E3 808428 87ooE4co
co VOLATILE SUSPENDED SOLiOS 24 18 1000 1000 4000 18133 12880 200000

SETTLEABLE SOLIDS 32 28 0.0 0.0 0.0 8.2 0.4' 200.0
TOTAL ORGANIC CARBON 34 31 1000 3087 .383 t9515 47820 8&000
FREE ACIDITY (CAC03) 1 1 50 .. 50 50 '" 50
NO AL«ALINlTY (CAC03) 23 23 23000 84800 245000 2107.3 ...4000 820000
PHENOLICS (CAAP) 38 I 2 • • 18 '" 40
TOTAL ACIDI" (CAC03) 1 1 10500 • 10500 10500 • 10500
TOTAL SOLIDS 27 27 148000 312000 820000 803tE3 2480£3 1800E5



Table VI-5

WASTEHATER CHARACTERIZATION SUMMARY
FINAL EFFLUENT

SUBCATEGORY PREP PLANTS
TOXIC POLLUTANTS

-----------------------------------------~-.--.------.---------------------------.------------~-.-----------TOTAL TOTAL NUMBER DETECTED CONCENTRATt~ IN UG/L
..-ER "'£R. SAMPLES

COMPOUND SAMPLES DETECT >tOUG/L MIN fOX MEDIAH MEAN 90s MAX
---------------------------------.---------~----------------------------------------------------------------

ACENAPHTHENE 7 0 0 .. '*ACROLEIN 7 0 0 * ..
ACRYLONITRILE 7 0 0 · .. · · .- ·BENZENE 7 2 1 1 .. 1 7 .. 12
IENZIDENE 7 0 0 .. ..
CARBON TETRACHlORIDE 7 0 0 .. ..
QfLOROBENZENE 7 0 0 .. ..
1.2.3-TRICHLOROIENZENE 7 0 0 .. ..
HEXACHLOROBENZENE 7 0 0 * ..

...... 1.2-DICHLOROETHANE 7 0 0 * · ..
(Xl · ·
\0 1. 1. t-TRICHLOROETHANE 7 3 0 2 '* 2 2 '* 3

HEXACHLOROETHANE 7 0 0 .. ..
t.1-DICHLOROETHANE 7 0 0 '* ..
1,1,2-TRICHLOROETHANE 7 0 0 · * · · '* ·1,t,2.2-TETRACHLOROETHANE 7 t 0 3 *' 3 3 '* 3
CHLOROETHANE 7 0 0 * ..
BIS(CHLORDMETH¥L) ETHER 7 0 0 .. ..
IIS(2-CHLOROETHYL) ETHER 7 0 0 .. .-
2-QfLOROETHYL VINYL ETHER (MIXED·) 7 0 0 .. ..
2 -CHLORQNAPHTHALENE 7 0 0 .. .-
2.4.8-TRICHLOROPHENOL 7 0 0 .. ..
PARACHLOROMETA CR£S~ 7 0 0 · *' · · *' ·CHlOROFORM 7 B 3 3 .. 3 21 .- 78
2-CHLDROPHENOL 7 0 0 .. *'1.2-D!CHLDROIENZENE 7 0 0 .. ..
1.3-DICHLQROBENZENE 7 0 0 '* *1.4-0ICHLOR08ENZENE 7 0 0 • *'3.3-DICHlOROBENZIDINE 7 0 0 • '*



Table VI-S (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
FINAL EFFLUENT

SUBCATEGORY PREP PLANTS
TOXIC POLLUTANTS

. .
---------.-~--------------~-.------~-----.----.------.---~~----.--.------------~~------.-.---~--.~----------

TOTAL TOTAL ....ER DETECTED CONCENTRATIONS IN UGIL
·....ER ,.,.ER SAMPLES

~ SAMPLES DETECT >UJUG/L MIN 1DS MEDIAN MEAN lOi IW(

---------------------------.-----------------------------~---~----------------------------------------------

1.1-DlOil.ORQEntYLENE 1 1 0 3 • 3 3 • 3
1.2-TRANS-DICHLOROETH¥LENE 7 3 0 1 • 2 I • 10
2.4-DICHLOROPHENOL 7 0 0 • •
·1 .2-DIatlOROPRDPANE 7 0 0 ,. ,.
1.3-DICHLOROPROPENE 7 0 0 • •
2.4-DIM£~LPHENOL 1 0 0 • .,
2.4-DJNJTAOTOLUENE 7 0 0 * *2.8-DINtTROTOLUENE 8 0 0 • *
1.2-DJPHENY~DRAZIHE 7 0 0 . • · · • .
ETHYLBENZENE 7 1 0 3 • 3 3 • 3

I-' FLUORANTHENf 7 0 0 * ..
\0 4-CHLOROPHENYL PHENYL· ETHf:R 7 0 0 * •
0 4-BlUMJPHENYL PHENYL ETtER 7 0 0 *

,.
IIS( 2-CHLOROISOPROPYL) ETHER 7 0 0 . ., · · * .
IIS(2-atlOROETHOXY) ME~ 7 1 0 3 • 3 3 ,. 3
METHYLENE OILORlbE COlotLORlMETHANE) 7 8 4 3 * • 83 3" • *' 20000
METHYL aiLORIDE 7 0 0 ., ..
METHYL BROMIDE 7 0 0 ,. ,.
BROMOFORM 7 0 0 • *
DlotlOROBRONOMETHME 7 0 0 ,.

*TRICHLOROFLUOROMETHANE 7 0 0 ,. •
DtatLORODIFUIORDIIETHANE 7 0 0 ,. •
atL.ORODIB~THANE 7 -0 0 ,. ,.
HEXAOiLOROBUTADIENE 7 0 0 ,. •
tEXACtLOROCYCUJPENTADIEN! 7 0 0 • •
ISOPHORONE 7 0 0 • · · ..
NAPHnfAlENE' 7 t 0 3 ,. 3 3 - 3
NITROBENZENE 7 0 0 ,. •



Table VI-5 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
FINAL EFFLUENT

SUBCATEGORY PREP PLANTS
TOXIC POLLUTANTS

______________.~______________~~_________________ 4 ____-----------------------------~~~----------------------

TOTAL TOTAL ....ER DETECTED CONCENTRATIONS IN UQ/L
....ER ....ER SAMPLES

..IA~ SAll'LES DETECT >tOUG/I,. tOi MOUN MEAN ·iOi MAX
---.-----------.----..-~---------------------------.------------------.--------------------------.-------.-~

2-NtTROPHENOL 7 0 0 *' *'4-NITROPHENOL 1 0 0 *' *'
2.4-DINITROPHENOL 1 0 0 *' *'4.8-DINITRO-O-CRESOL 1 0 0 • *'
N-HITROSODlIllETffYLAMtNE 7 0 0 *' *'N-NITROSODIPHENYLAIIINE 1 0 0 *' *'
N-NITROSODI-H-PRQPYLAMI. 7 0 0 *' *'
PENTACHLQROPHENOL 7 0 0 · *' · · *' ·PHENOL 7 3 0 3 *' 3 3 *' 3
BIS( 2-ETHYLHEXYL) PH1'IW.ATE 8 II 3 3 *' 3 tflO • ItO....... BUTYL BENZYL PHrHALATE 7 0 0 • *'\0 · · · ·

....... DI-N-BUTYL PH11W.A~E II 3 t 3 *' 3 .2 • 270
DI-N-OCTYL PHTHALA E 7 0 0 · *' · · *' ·OIETHYL PHTHALATE II :I t 3 • 3 285 *' 780
DIMETHYL PHmHAlATE 7 0 0 *' *'BENZO(A)ANTHRACENE 7 0 0 *' *'BENZO(A)PYRENE 7 0 0 • *'BENZD(B)FLUORANTHENE 7 0 0 *' •
8ENZO(k) FLUORAHTffENE 7 0 0 • *CHRYSENE 7 0 0 · *' *'ACENAPHTHYLENE ., 0 0 • *'ANTHRACENE ., 0 0 • *'BENZO(G,H,I)PERYLENE ., 0 0 *' *'FLUORENE 'I 0 0 * *'PHENANTtItENE 7 0 0 * *'DIBENZO(A,H)ANTHRACENE 7 0 0 *' · *'
INDENO(t.2.3-C,D)PYRENE 7 0 0 • *'PYRENE 1 D 0 • *'



Table VI-5 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
FINAL EFFLUENT

SUBCATEGORY PREP PLANTS
TOXIC POLLUTANTS

TOTAL
NJNBER
SAliPLES

TOTAL NJNBER
""Ea SNFLES
DETECT >10UQ/L

DETECTED CONCEHTRATIONS IN UGIL

MIN 101 MEDJAN MEAN ••
---------------------------------------------_.-._--------------_.------------------------------------------

TETRACHI.OROETHYLENE 7 3 1 3 .. 4 • ..
TOLUENE 7 3 1 0 .. 3 4 •
TRICHLOROETHYLENE 7 1 0 3 • 3 3 .,
VINYL OfLORIDE 7 0 0 .. ..
ALDRIN 7 0 0 .. ..
DIELDRIN 7 0 0 .. •
CHLORDANE 7 0 0 .. •
4.4-ooT 7 0 0 .. ..
4,4-ooE 7 0 0 .. ..

~ 4.4-DDD 7 0 0 • •\.D ENDOSULFAN-ALPHA 7 0 0 .. ..N
ENDOSULFAN-BETA 7 0 0 • •
ENDOSULFAN SULFATE 7 0 0 .. •
ENDRIN 7 0 0 • ..
ENDRIN ALDEHYDE 7 0 .0 .. ..
HEPTACHLOR 7 0 0 .. ..
HEPTACHLOR EPOXIDE 7 0 0 .. ..
BHC-ALPHA 7 0 0 • ..
BtC-IETA 7 0 0 .. •
BHe ,(L1NDANE)-~ 7 0 0 .. ..
lHe-DELTA 7 0 0 .. ..
PCB-t242 (AROCHLOR t242) 7 0 0 .. ..
PCB-1254 (AROCHLOR 1254) 7 0 0 • ..
PCB-t221 (AROOLOR 1221) 7 0 0 .. •
PCB-1232 (AROCHLOR 1232) 7 0 0 .. ..
PCB-1248 (AROCHLOR 1248) 7 0 0 .. ..
PCB-1280 (AROCHLOR 1280) T 0 0 .. ..
PCB-tOt8 (AROCHLOR 1018) 7 0 0 .. •

20
7
3

'.



Table VI-5 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
FINAL EFFLUENT

SUBCATEGORY PREP PLANTS
TOXIC POLLUTANTS

---~-~-----------_._---_._._-----------------------------~---.-------_ ..~---------------------------------.-
TOTAL TOTAL .....ER DETECTED CONCENTRATIONS IN UG/L
....ER tlJMBER SAMPLES

COMPOUND S,.,US DETECT >lOUG/L .IN lOS .DIAN ·MEAN ~ MX

----------------~------------------------------~------------------------------------.-----------------------

TOXAPHENE 7 0 0 • •
2,3.7,8-TETRACHlORODIBENZD~P-DIOXIN 1 0 0 · • · · • ·ANTHRACENE/PHENANTHRENE 3 1 0 3 • 3 3 • 3
BENZO(A)ANTHRACENE/CHRYSENE 1 0 0 • •BENZO(3,4/K)FLUOAANTHENE 1 0 0 · • · · • ·ANTIMONY (TOTAL) • 3 0 1 • 1 2 • 3
ARSENIC (TOTAL) I 4 1 2 • 3 10 • 30

..... BERYLLIUM (TOTAL) I 0 0 · • · · • ·\0 CADMIUM (TOTAL) • 1 0 3 • 3 3 • 3
l.U CHROMIUM (TOT",") 8 4 4 24 • 24 31 • 41

COPPER (TOTAL)· I 8 4 • • 13 20 • ...
CYANIDE (TOTAL) 7 0 0 · ., · · ., ·LEAD (TOTAL) I 2 2 ., .. .7 82 • 87
MERCURY (TOTAL) • 1 0 0.30 • 0.30 0.30 • 0.30
NICKEL (TOTAL) • 2 2 20 • 20 35 • 10
SELENIUM (TOTAL) • 4 ,- II • 7 20 • 10
SILVER (TOTAL) I 2 1 8 • 8 Ui • 24
THALLI" (TOTAL) • 4 0 1 • 2 3 • 7
ZINC (TOTAL) • 15 8 3. • 40 10 • 200



Table VI-S (Continued)

WASTEWATER CHARACTRRIZATION SUMMARY
FINAL EFFLUENT

SUBCATEGORY PREP PLANTS
CONVENTIONAL AND NONCONVENTIONAL POLLUTANTS

---------------------------------------------------------------------------------------------------------
TOTAL ....ER. DETECTED CONCENTRATIONS IN UG/L
....ER TOTAL ._----~---~--~-----------------

~ SAMPLES DETECTS MIN 10S MEDIAN MEAN ~ MAX_~__._.____________ • __ a _______ ~.__ • __________ • __ • ___ • _______ • ___ ~_______________________________________

TOTAL SUSPENDED SOLIOS I I 2500 • 11800 14044 • 21500
PH (UNITS) • I 8.2 • 7.1 7.4 .. 1.1
IRON (TOTAL) I • 88 .. 38' 888 • 4400
MANGANESE (TOTAL) 8 & 25 .. 88 2.7 .. 700
ASBESTOS(TOTAL-FIBERS/LITER) , 1 14OOE5 .. 1400ES 1400E5 .. 1400£5I-'

\.0 COD 7 7 20350 .. 35200 44984 .. 113000
~ DISSOLVED SOLIDS 2 2 &80000 .. 580000 1020E3 .. 1410U

TOTAL VOLATILE SOLIDS 4 4 14000 .. 140000 21043. • 420000
VOLATILE SUSPENDED SOLIDS 3 3 3800 .. 4200 10133 .. 22000
SEnLEABLE SOLIDS 2 2 0.0 .. 0.0 0.1 • 0.1
TOTAL ORGANIC CARBON 4 4 5875 • 11800 14881 e 25000
NO ALKALINITY (CAC03) B I 18000 • 40750 81800 • 118500
I'tENDLlC5(4AAP) 7 3 10 • 10 12 • 15
TOTAL ACIDITY (CAC03) 3 3 3000 • 3500 3833 • 4500
TOTAL SOLIDS 4 4 7000 • 130000 1334£3 • 3700£3



Table VI-6

WASTEf-lATER CHARACTERIZATION SUMMARY
. FINAL EFFLUENT

SUBCATEGORY ASSOCIATED AREAS
TOXIC POLLUTANTS

----~---~------_._--------------------------_._~----------------------------------------.-----_._----------TOTAL TOTAL toeER DETECTED COHCEN11lATlONS IN UG/L
....ER NUMBER SAMPLES

COMPOUND SAMPLES DETECT >10UG/L MIN tft MEDIAN MEAN I~ MAX
----~---------------------------------------~--~---------------· _________________________.___________~R_. ___

ACENAPHTHENE a 0 0 .. •ACROLEIN a 0 0 • •ACRYLONITRILE a 0 0 · • · · •
BENZENE a t 0 a .. • a • •BEHZIDfNE 3 0 0 .. ..
CARBON TETRAaI..ORIOE a 0 0 • ..
MOROSEHZENE a 0 0 • '*...... 1,2,3-TRICHLOROBENZENE a 0 0 .. ..

\D HEXAQtLOROBENZENE a 0 0 • ..
V1 1,2-DICHlOROETHANE a 0 0 .. •· · .

1,1,1-TRJCHLOROE~ 3 t 0 2 • 2 2 • 2
HEXAOiLOROETHANE 3 0 0 · .. ..
1,1-DICHLQROETHANE 3 0 0 • •
t,t,2-TRICHLOROETHANE 3 0 0 .. ..
1,1,2,2-TETRACHLOROETHANE a 0 0 .. ..
O\l.OROETt1ANE 3 0 0 .. ..
BIS(CHlOROMETHYL) ETHER 3 0 0 .. ..
BIS(2-CHLOROE~L) ETHER 3 0 0 • ..
2-CHlOROETHYL VINYL ETHER (MIXED) 3 0 0 .. ..
2-CHLORONAPHTHALENE 3 0 0 .. •2. 4. S-TRICHLOROPHENOL 3 0 0 .. •
PARACHLOROMETA CRESOL 3 0 0 · .. · · •CHLOROFORM 3 3 2 3 .. 11 186 • 478
2 -CHLOROPHENOL 3 0 0 • '*1,2-0ICHLOROBENZENE 3 0 0 .. •
t.a-DICHLOROBENZENE 3 0 0 • •
1,4-DICHLOROBENZENE 3 0 0 • ..
3,3-DtCHLOROBENZIDJNE 3 0 0 • ..



Table VI-6 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
FINAL EFFLUENT

SUBCATEGORY ASSOCIATED AREAS
TOXIC POLLUTANTS

--------~-----'--------~--~- ..--------_._-------------------------------------_._------------------------~---
TOTAL TOTAL ....ER DETECTED COM:ENTRATIONS IN UG/L
""ER tuIIER 5A181'lES

~ SAMPLES DETECT >tOUG/L MIN tOS MEDIAN lEAH .01 MAX

--------------~-------~----.-------------------~---------------.--------.-~---------------------------------

1.1-DICHLDROETHYLENE 3 0 0 · .. · · .. ·t.I-TRANS-DIetLOROETHYLINE 3 1 0 2 .. 2 2 .. 2
2.4-0ICHLOAOPHENOL 3 0 0 .. ..
1.I-DIOHLOAOPROPANE 3 0 0 .. ..
t.3-DIOILOROPROPENE 3 0 0 .. ..
1.4-DIMETHYLPHENDL 3 0 0 .. ..
2.4-DINITROTOlUENE 3 0 0 .. ..
2.8-DINITROTOLUENE 3 0 0 .. ..
t.Z-DtPHENYUR'DRAZlNE 3 0 0 .. ..

..... ETHYLBENZENE 3 0 0 .. ..
\D fL.UORANl'HENE 3 0 0 • ..
C'I 4-eta.OROPHENYl PHENYL ETHER 3 0 0 .. ..

4-8IUOIHENYL PHENYL ETHER 3 0 0 • ..
IUS( 2-QLORQlSOPROPTL) ETHER 3 0 0 .. •
BISU-O«.OROETHOXY) IIETHME 3 0 0 · .. · · .. ·METHYLENE afLORIDE (DlaLCJROIIE1'IWfE ) 3 3 3 7 .. &113 2238. • 8110OO
METHYL CtLORIOE 3 0 0 .. ..
METHYL BROMIDE 3 0 0 .. ..
IROMDfORM 3 0 0 .. ..
DlaLOROBRtMJMEnwE 3 0 0 · .. · · .. ·TRICHLDROFL.UOROMETtMNIE 3 1 1 22 • 22 12 • 22
DIQLORODlfL.lJOlOE11WllE 3 0 0 .. ..
OLORODIBROIOETtWtE 3 0 0 .. ..
HEXAQLDRfBJTADIENE 3 0 0 .. ..
ItEXAaLOROCYClOPENTADIE.- 3 0 0 • ..
ISOPHORONE 3 0 0 .. ..
NAPHTHALENE 3 0 0 .. ..
NI~fNZENE 3 0 0 • •



Table VI-6 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
FINAL EFFLUENT

SUBCATEGORY ASSOCIATED AREAS
TOXI;C POLLUTANTS

----------------.-----.------~-------------.----------~-----~--------------r---·---------~---·----------~--·TOTAL TOTAL .....EIt DETECTED CDNCEN'I'RATlONS IN U81L
.-fR .-0 S~LES

COMPOUND S.,LES DETECT >10UG1L MIN tOi _DIAN liAN d· ux
------.-----.-.-------.------~--.---------------------------------------------~----~-------------~----------

2-NITROPtENDL 3 0 0 • •
4-NITROPHENOL 3 0 0 • •
2.4-DINITROPHeHDL 3 0 0 • •
4,8-DINITRO-O~CRESOL 3 0 0 • •
N-NtTROSODIMETHYLAMINE 3 0 0 • •
N-NITROSOOIPHENYLAMINE 3 0 0 • •N-NITROSODI-N-PROPYLAMINE 3 0 0 • •
PENTACHLOROPHENDL 3 0 0 • •PHENOL 3 0 0 . • . . • .
81S(2-ETHYLHEXYL) PHTHALATE 3 3 1 3 • 7 2031 • 8100..... BUTYL BENZYL PHTHALATE 3 0 0 • •\0 . . . .

-.:I OI-N-BUTYL PHTHALATE 3 2 1 3 • 3 107 • 210
DI -N-OCTYL PHt'HALATE 3 0 0 • •
DIETHYL PHt'HALATE 3 0 0 " •
DIMETHYL PHTHALATE'" 3 0 0 • •
BEHZO(A)AHTHRACEHE 3 0 0 • •
8ENZO(A)PYRE..E 3 0 0 • •
BENZO(8)FLUORANTHENE 3 0 0 .. •
BENZO(K)FLUORANTHENE 3 0 0 • •
CHRYSENE 3 0 0 • •
ACENAPHTHYLENE 3 0 0 • ..
ANTK:tACENE 3 0 0 • ..
BENZO(G.H.~)PERYLENE 3 0 0 • •
fLUORENE 3 0 0 • •
PHENANTHRENE 3 0 0 .. ..
DIBENZD(A.H)ANTHRACEHE 3 0 0 • •
INDEHO(1.2.3-C,D)PYRENE 3 0 0 • •
PYRENE 3 0 0 • •



Table VI-6 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
FINAL EFFLUENT

SUBCATEGORY ASSOCIATED AREAS
TOXIC POLLUTANTS

----------.-.-----------~------------------------------------- ......----------------------------------------.TOTAL TOTAL ...-ER DETECTED CDNCENTRATIONS IN UG/L
....ER ....ER SAMPLES

f:XJIiFOIMD SAMPLES DETECT >1OUG/L MIN I~ MEDIAN MEAN iOi MAX
---------------------------------------.---..---------------------------------------------------------------

TETRAOtLOROETHYLENE 3 I 0 1 • 1 t • I
TOWENE 3 2 0 2 • 2 3 • 3
TRICHLOROETHYLENE 3 0 0 * *VINYL CHLORIDE 3 0 0 . • . . * .
ALDRIN 3 I 0 2.24 • 2.24 2.24 • 2.24
DIELDRIN 3 0 0 * •QiLORDANE 3 0 0 * · · * ·4.4-DDT 3 I 0 2.24 • 2.24 2.24 • 2.24
4.4-00E 3 0 0 · • • ·4.4-DOD 3 • 0 2.24 • 2.24 2.24 • 2.24

I-' ENOOSULfAN-ALPHA 3 0 0 * •..D ENDQSULfAN-BETA 3 0 0 * *co ENDOSULFAN SULFATE 3 0 0 * *EMlRIN 3 0 0 • •ENORIN ALDEHYDE 3 0 0 · * · · • ·HEPTAOfLOR 3 I 0 2.24 • 2.24 2.U • 2.24
HEPTACHLOR EPOXIDE . 3 0 0 · • · · • ·BHe-ALPHA 3 I -0 2.24 • 2.24 2.24 • 2.24
BHe-BETA 3 1 0 2.24 * 2.24 2.24 * 2.24
BHe (L1NDANE)-GAJI4A 3 0 0 * · · • ·BHe-DELTA 3 I 0 2.24 • 2.24 2.24 • 2.24
PCB-i242 (AROCHLDR 1242) 3 0 0 • •PCB-12S4 (AROOILOR 1254) 3 0 0 • •PCB-1221 (ARQCHLOR 1221) 3 0 0 • •PCB-1232 (AROCHLOR 1232) 3 0 0 • •
PCB- 1248 (AROCHLOR 1241) 3 0 0 • •PCB-12S0 (AROCHLOR 1280) 3 0 0 • •PCB- 10IS (AROCHLOR 101S) 3 0 0 • •



Table VI-6 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
FINAL EFFLUENT

SUBCATEGORY ASSOCIATED AREAS
TOXIC POLLUTANTS

____ M_. _________________· ___________________________~_--------------- .• -------.---------~-.---------.-------
TOTAL TOTAl ....ER DETECTED CONCENTRATIONS IN UQ/L
....ER tueER $MIILES

COMPOUND SAMPLES DETECT >10UG/L MIN 1~ MEDIAN MEAN iOi MAX

------------.-.-----------~-------~--------~.------------.---~-----------------------------.---------.------

TOXAPHENE 3 0 0 • ..
2,.3.7.8-TETRACHLDRODIBENZQ-P-DIOXIN 3 0 0 .. •
ANmHRACENE/PHENANTHRENE 3 0 0 • •
BENZO(A)ANTHRACENE/CHRYSENE 1 0 0 .. ..
BENZO(3.4/K)FLUORANTHENE 1 0 0 · • · · .. ·
ANTIMONY (TOTAL) 8 2 0 2 • 2 3 • 4
ARSENIC (TOTAL) • 3 0 2 • 3 3 • 4

t--> BERYLLllIt (TOTAL) I 0 0 · • · • ··\0 CADMllIt (TOTAL) I 2 2 11 • 11 18 .. 17
\.0 CHROMIUM (TOTAL) 8 8 8 14 • 27 30 • 4.

COPPER (TOTAL) I 8 3 8 • 11 11 .. 32
CYANIDE (TOTAL) 3 0 0 · • · • ·
LEAD (TOTAL) 8 1 0 3 • 3 3 .. 3
MERCURY (TOTAL) • 3 0 0.40 • 0.18 1.80 • 4.30
NICKEL (TOTAL) • 3 3 81 • 51 83 .. 130
SELENIUM (TOTAL) • 3 0 f .. 2 I .- •
SILVER (TOTAL) • 3 2 I • 17 22 • 31
THALLllIt (TOTAL) 8 0 0 · .. · · • ·
ZINC (TOTAL) I • • ,. • 38 88 • 1110



Table .VI-6 (Continued)·

WASTEWATER CHARACTERIZATION SUMMARY
FINAL EFFLUENT

SUBCATEGORY ASSOCIATED AREAS
CONVENTIONAL AND NONCONVENTIONAL POLLUTANTS

--.-----------------------------------------------------------------_..----~-_._-~-~~------------~------.
TOTAL ....0 DETECTED CONCENTRATIONS IN UG/L
....ER TOTAL ------------------_..---_._.---

CDAJUND SAMPLES DETECTS MIN 10'1. MEDIAN MEAN 10'1. MAX
------------------------~-----------------------------------------------------------~-------------------

TOTAL SUSPENDED SOLIDS 8 8 8000 • 18400 24817 * 82000
PH (UNITS) a .. 7.2 * 7.8 8.0 • 1.7
IRON (TOTAL) 8 8 205 • 820 1780 • 1500
MANGANESE (TOTAL) 8 7 27 • 348 1775 * 8300
COD 3 3 15500 • 17217 21178 • 21100
DISSOLVED SOLIDS 3 3 1550E3 • 1825E3 1717E3 • 1100E3
TOTAL "iCiLATlLE .SOLIDS 3 3 26000 • 31000 40111 • 58333
VOLATILE SUSPENDED SOLIDS 2 2 4800 • 4800 12200 • 1.800

I\,) SETTLEABLE SOLIDS 4 • 0.0 • 0.0 0.1 • 0.1
0 TOTAL "ORGANIC CARBON 3 2 5500 • 5500 6587 • 7833
0 NO AUCALINITY (CAC03) 3 3 25000 • 34500 84187 • 123500

PHENOLICS( 4ANJ) 3 0 • . . • .
$lA.FATE 1 1 f70000 • 170000 170000 • 170000
TOTAL SOLIDS 2 2 180000 • 180000 220000 • 280000



Table VI-7

WASTEWATER CHARACTERIZATION SUMMARY
FINAL EFFLUENT

SUBCATEGORY AREAS UNDER RECLAMATION
TOXIC POLLUTANTS

-------.---.-------------------.--.-~.--------------------------------------------~--.-._-----.-~----~--.---
TOTAL TOTAL NJMBER DETECTED CONCENTRATIONS IN UQ/L
NJMBER NUMBER. SAMPLES

COMPOlNJ SAMPLES DETECT >10UG/L MIN 1~ MEDIAN MEAN 8~ MAX
-----------------------------------------------.------------------------------------------------------------

AHrIMONY (TOTAL) 14 11 11 52 53 78 100 118 255
ARSENIC (TOTAL) 14 2 2 42 * 42 48 • 55
BERYLLIUM (TOTAL) 14 5 0 1 .. 1 2 .. 3
CADMIUM (TOTAL) 14 3 0 B .. 7 7 .. 8
CHROMIUM (TOTAL) 14 8 5 8 .. 9 12 .. 24
COPPER (TOTAL) 14 11 8 5 & 15 17 28 41

I\) LEAD (TOTAL) 14 0 0 .. ..
0 MERCURY (TOTAL) 14 0 0 .. '"
f-' NiCkEL (TOTAL) 14 3 3 71 .. 82 115 .. 182

SELENIUM (TOTAL) 14 2 2 42 .. 42 60 .. 77
SILVER notAL) 14 4 0 B .. 8 8 .. 7
THALLIUM (TOTAL) 14 3 3 12 * 2a 81 • 137
ZINC (TOTAL) 14 14 14 8 8 ~2 71 187 382



Table VI-7 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
FINAL EFFLUENT

SUBCATEGORY AREAS UNDER RECLAMATION
CONVENTIONAL AND NONCONVENTIONAL POLLUTANTS

TOTAL
NJMBER
SAMPLES

NMlER
TOTAL
DETECTS MIN

DETECTED CONCENTRATIONS IN UG/L

MEOUN

TOTAl SUSPENDED SOLIDS 15 15 10400 11004 21875 29845 48125 8198.
PH (...ns) 15 15 5.5 8.0 7.& 7 •• 7.' 1.0
IRON (TOTAL) 15 15 302 315 .,4 2101 5457 11205
MANGANESE (TOTAl) 'f 'f 77 •• 235 .21 .tt 8.40

l\) SETTLEABLE SOLIDS 12 S 0.0 * 0.1 3.1 * 14 ••
0
l\)



Table VI-8

COAL MINING POINT SOURCE CATEGORY ORGANIC PRIORITY POLLUTANTS
DETERMINED TO BE EXCLUDED

Believed to be Detected Detected in Amounts
Not from But Always too Small to Be

Pollutant Detected Contamination Below 10 uS/1 Effectively Reduced

acenaphthene x

acrolein x

acrylonitrile x
benzene x

benzidine x
carbon tetrachloride

(tetrachloromethane) x
I\) chlorobenzene x0
w

1.2.4-tr:lchlorObenzene x
hexachlorobenzene x
1.2-dichloroethane x
1.1.I-trichloroethane x

hexachloroethane x

l.l-dichloroethane x
1.1.2-trichloroethane x:

1.1.2.2-tetrachloro-
ethane x

chToroethane x

bis(chloromethyl)ether x:
bis(2-chloroethyl)ether x



Table VI-8 (Continued)

COAL MINING POINT SOURCE CATEGORY ORGANIC PRIORITY POLLUTANTS
DETERMINED TO BE EXCLUDED

Believed to be Detected Detected in Amounts
Not from But Always too Small to Be

Pollutant Detected Contamination Below 10 ug/l Effectively Reduced

2-chloroethyl vinyl
ether (mixed) x

2-chloronaphthalene x
2,4,6-trichlorophenol x
parachlorometa cresol x
chloroform (trichloro-

methane) x
l\.> 2-chlorophenol x
0
.l:" 1,2-dichlorobenzene x

1,3-dichlorobenzene x
l,4-dichlorobenzene x

3,3 1 -dichlorobenzidine x
l,l-dichloroethylene x

1,2-trans-dichloro-
ethylene x

2,4-dichlorophenol x

l,2-dichloropropane x

l,2-dichloropropylene
(1,3-dichloropropene) x

2,4-dimethylphenol x



Table VI-8 (Continued)

COAL MINING POINT SOURCE CATEGORY ORGANIC PRIORITY POLLUTANTS
DETERMINED TO BE EXCLUDED

l\)

o
V1

Pollutant

2,4-dinitrotoluene
2,6-dinitrotoluene
1,2-diphenylhydrazine
ethylbenzene
fluoranthene
4-chlorophenyl phenyl

ether
4-bromophenyl phenyl

ether
bis(2-chloroisopropyl)

ether
bis(2-chloroethoxy)

methane
methylene chloride

(dichloromethane)
methyl chloride

(chloromethane)
methyl bromide

(bromomethane)
bromoform.

Not
Detected

x

x

x

x

x

x

x

x

x

Believed to be
from

Contamination

x

Detected
But Always

Below 10 uS/l

x

x

Detected in Amounts
too Small to Be

Effectively Reduced

x



Table VI-8 (Continued)

COAL MINING POINT SOURCE CATEGORY ORGANIC PRIORITY POLLUTANTS
DETERMINED TO BE EXCLUDED

Believed to be Detected Detected in Amounts
Not from But Always too Small to Be

Pollutant Detected Contamination Below 10 ug/l Effectively Reduced

dichlorobromomethane x
trichlorofluoromethane x

dichlorodlfluoromethane x
chlorod1bromomethane x
hexachlorobutadlene x
hexachlorocyclopen-

tadiene x

I\)
isophorone x

0 . naphthalene0"1 x

nitrobenzene x
2-nitrophenol x
4-nltrophenol x

2,4-dinltrophenol x
4,6-dlnitro-o-cresol x

N-nltrosodlmethylamlne x

N-nltrosodlphenylamlne x

N-nitro8odl-n-
propylamine x

pentachlorophenol x

phenol x



Table VI-8 (Continued)

COAL MINING POINT SOURCE CATEGORY ORGANIC PRIORITY POLLUTANTS
DETERMINED TO BE EXCLUDED

I

Pollutant

bis(2-ethylhexyl)
phthalate

butyl benzyl phthalate
di-n-butyl phthalate
di-n-octyl phthalate
diethyl phthalate
dimethyl phthalate
benzo (a) anthracene

(1.2-benzanthracene)
benzo{a)pyrene(3.4

benzopyrene)
3,4-benzofluoranthene
benzo(k)fluoranthene

(11.12-benzofluoran-
thene)

chrysene
acenaphthylene
anthracene
benzo(g,h,i)perylene

(1.12-benzoperylene)

Believed to be Detected Detected in Amounts
Not from But Always too Small to Be

Detected Contamination Below 10 ug/l Effectively Reduced

x
x
x

x

x
x

x

x

x

x

x

x

x

x



Table VI-8 (Continued)

COAL MINING POINT SOURCE CATEGORY ORGANIC PRIORITY POLLUTANTS
DETERMINED TO BE EXCLUDED

Believed to be Detected Detected in Amounts
Not from But Always too Small to 'Be

Pollutant Detected Contamination Below 10 ug/l Effectively Reduced

fluorene x

phenanthrene x

qibenzo(a,h}anthracene
(1,2,5,6-dibenzan-
thracene) x

Indeno(l,2,3-c,d)pyrene
(phenylenepyrene) x

f\) pyrene x
0
00 tetrachloroethylene x

toluene x

vinyl chloride
(chloroethylene) x

trichloroethylene x
aldrin x

dieldrin x,
chlordane (technical

(mixture and· metabo-
lites) x

4,4'-DDT x

4,4 t -DDE (p,p'-DDX) x
4,4'-DDD (p,p'-TDE) x

-endosulfan-Alpha x



Table VI-8 (Continued)

COAL MINING POINT SOURCE CATEGORY ORGANIC PRIORITY POLLUTANTS
DETERMINED TO BE EXCLUDED

fIJ
o
\0

Pollutant

-endosulfan-Beta
endosulfan sulfate
endrin
endrin aldehyde
heptachlor
heptachlor epoxide

-BBC-Alpha
-BBC-Beta
-BHC-(lindane)-Gamma
-BHC-Delta

PCB 1242 (Arochlor 1242)
PCB-1254 (Arochlor 1254)
PCB-1221 (Arochlor 1221)
PCB-1232 (Arochlor 1232)
PCB-1248 (Arochlor 1248)
PCB-1260 (Arochlor 1260)
PCB-1016 (Arochlor 1016)
toxaphene
2,3,7,8-tetrachlorodi-

benzo-p-dioxin (TCDD)

Not
Detected

x

x
x

x

x
x

x

x

x

x

x

x

x

Believed to be
from

Contamination

Detected
But Always

Below 10 u.s/l

x

x

Detected in Amounts
too Small to Be

Effectively Reduced

x
x

x
x



Table VI-9

PRIORITY ORGANICS NOT DETECTED IN TREATED EFFLUENTS
OF SCREENING AND VERIFICATION SAMPLES

1. acenaphthene
2. acrolein
3. acrylonitrile
4. benzidine
5. carbon tetrachloride (tetrachloromethane)
6. chlorobenzene
7. 1,2,4-trichlorobenzene
8. hexachlorobenzene
9. 1,1-dichloroethane

10. 1,1,2-trichloroethane
11. chloroethane
12. bis(chloromethyl) ether
13. bis(2-chloroethyl) ether
14. 2-chloroethyl vinyl ether (mixed)
15. 2-chloronaphthalene
16. 2,4,6-trichlorophenol
17. parachlorometa cresol
18. 2-chlorophenol
19. l,3-dichlorobenzene
20. 2.4-dichlorophenol
21. l,2-dichloropropane
22. l,2-dichloropropylene (1,3-dichloropropene)
23. 2,4-dimethylphenol
24. 2.4-dinitrotoluene
25. 2,6-dinitrotoluene
26. 1.2-diphenylhydrazine
27. bis(2-chloroisopropyl) ether
28. 4-chlorophenyl phenyl ether

210



Table VI-9(Continued)

PRIORITY ORGANICS NOT DETECTED IN TREATED EFFLUENTS
OF SCREENING· AND VERIFICATION SAMPLES

29. 4-bromophenyl phenyl ether
30. methyl chloride (chloromethane)
31. methyl bromide (bromomethane)
32. broDloform (tribromomethane)
33. dichlorobramomethane
34. dichlorodifluoromethane
35. chlorodibromomethane
36. hexachlorobutadiene
37. hexachlorocyclopentadiene
38. isophorone
39. nitrobenzene
40. 2-nitrophenol
41. 4-nitrophenol
42. N-nitrosodimethylamine
43. N-nitrosodiphenylamine
44. N-nitrosodi-n-propylamine
45. dimethyl phthalate
46. benzo(a)pyrene
47. 3,4-benzofluoranthene
48. benzo(k)fluoranthane(11,12-benzofluoranthene)
49. acenaphthylene
50. vinyl chloride (chloroethylene)
51. di eldrin
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Table VI-9 (Continued)

PRIORITY ORGANICS NOT DETECTED IN TREATED EFFLUENTS
OF SCREENING AND VERIFICATION SAMPLES

52. chlordane (technical mixture and metabolites)
53. 4,4'-DDE (p,p'-DDX)
54. a-endosulfan-Alpha
55. s-endosulfan-Beta
56. endo8ulfan sulfate
57. endrin
"58. endrin aldehyde
59. PCB 1242 (Arochlor 1242)
60. PCB 1254 ~Arochlor 1254)
61. PCB 1221 (Arochlor 1221)
62. PCB 1232 (Arochlor 1232)
63. PCB 1248 (Arochlor 1248)
64. PCB 1260 (Arochlor 1260)
65. PCB 1016 (Arochlor 1016)
66. toxaphene
67. 2,3,7,8-tetrachlorodibenzo-p-dioxin (TeDD)

212



Table VI-10

PRIORITY ORGANICS DETECTED BUT PRESENT DUE TO
CONTAMINATION OF SOURCES OTHER THAN THOSE SAMPLES

SCREENING AND VERIFICATION SAMPLES

1. benzene
2. chloroform
3. methylene chloride
4. phenol
5. bis(2-ethylhexyl)phthalate
6. butyl benzyl phthalate
7. di-n-butyl phthalate
8. diethyl phthalate
9. tetrachloroethylene

10. toluene

213



Verification, and EPA Regional Sampling and Analysis). The field
controls consisted of water that was run through the automatic sampler
for each composite sample site prior to the actual sampling. The
water used as control water was deionized and as such, any
contaminants appearing in the collected control water could be
attributed to the sampling apparatus or to the laboratory analysis.
The results for field control samples are found for all subcategories
in Table VI-11. Field blanks were also collected to assess
contamination in transport and in laboratory analysis. For the
volatile organics, deionized water was periodically placed in 45 ml to
125 ml vials and shipped to the laboratory for analysis. For the
remainder of the priority pollutants, a facility blank, prepared in
the laboratory, was hand-carried by sampling personnel during field
sampling. Table VI-12 summarizes the blanks for the screening and
verification sampling and analysis program. Table VI-2 indicates that
members of the phthalate class were observed in many . of the samples
representing treated wastewater.

Only two of the phthalates (bis-phthalate and di-n-butyl phthalate)
were detected in the raw water {refer to Table V-4)i however, five of
the phthalates (bis-phthalate, di-n-butyl phthalate, butyl benzyl
phthalate, di-n-octyl phthalate, and diethyl phthalate) were detected
in treated water. This suggests that these compounds were introduced
into the water during sample collection or analysis. It is known that
during sample collection, automatic composite samplers were equipped
with polyvinyl chloride {Tygon} tubing or manufacturer supplied
tubing. Phthalates are widely used as plasticizers to ensure that
tubing remains soft and flexible (2). These compounds, added during
manufacturing, have a tendency to migrate to the surface of tubing and
leach out into water passing through the sample tubing. In addition,
laboratory experiments were performed to determine if phthalates and
other priority pollutants could be leached from tubing used on
automatic samplers (3). The types of tubing used in these experiments
were: (1) Clear tubing originally supplied with the sampler at time
of purchase; and (2) Tygon S-SO-HL, Class VI. Results of analysis of
the extracts representing the original and replacement Tygon tubings
are summarized in Table VI-13. The data indicate that both types
contain bis(2-ethylhexyl}phthalate and the original tubing leaches
high concentrations of phenol. Although bis(2-ethylhexyl)phthalate
was the only phthalate detected in the tUbing in these experiments, a
similar experiment conducted as part of a study pursuant to the
development of BAT Effluent Limitations Guidelines for the Textiles
Point Source Category found dimethyl phthalate, diethyl phthalate, di
n-butyl phthalate, and bis(2-ethylhexyl)phthalate, in tubing
"controls" (4). Thus, four of the phthalates bis(2
ethylhexyl)phthalate, butylbenzyl phthalate, di-n-butyl phthalate,
diethyl phthalate and phenol can be attributed to contamination during
sample collection and cannot be conclusively identified with the
wastewater.

A number of the volatile organic compounds were detected during the
sampling program (benzene, chloroform, methylene chloride,
tetrachloroethylene, toluene). The volatile nature of these compounds

214



--------------------------
Table VI-l1

WASTEWATER CHARACTERIZATION SUMMARY
CONTROLS

ALL SUBCATEGORIES
TOXIC POLLUTANTS

-----••----------••----------.----------------.------.___________________ • __ w ________________________••_____

TOTAL TOTAL ....ER DETECI'EO CONCENTRATltI'tS IN UG/L
......EJI .....ER SAllPLES ---~~----~------------------~-~CIM'OUND ~LES DETECT >tOUG/L .IN tOl- .mUN

_. .. IIAX
------------,--------------------------------------.-.-----------------------------~---------------------.-.

ACENAPttTHENE 44 0 0 .. ..
ACROLEIN to 0 0 .. "ACRYLONITRJLE to 0 0 · " · · .. ·BENZENE to & 5 2t .. 27 12 • til
8ENZIDENE 44 0 0 " •CARBON TE7RACHLORlDE to 0 0 " ..
CHLOROBENZENE 10 0 0 .. ..
1,2.3-TRICJLOROIENZENE 44 0 0 .. ..
HEXACHLOROBENZENE 44 0 0 .. ..

I\) t.2~OICHLOROET~E 10 0 0 · .. · · " ·....... t,1.t-TRICHLOROETHANE 10 t 0 3 .. 3 3 .. 3
\J1 HEXACHLOROETHANE 44 0 0 " ..

1.1-DICHLOROETHANE 10 0 0 .. ..
t,t,2-TRICHLOROETHANE 10 0 0 .. ..
t,1,2 t 2-TETRACHLOROETHANE 10 0 0 " ..
CHLORQETHANE 10 0 0 .. "BIS(QtLOROMETHYL) ETHER 28 0 0 .. ..
BISU-CHLORQETHYL) ETHER 44 0 0 " "2-CHLOROETHYL VINYL ETHER (.IXED) 10 0 0 .. ..
2~QtLORONAPHTHALEN£ 44 0 0 " ..
2,4,8-TRJCHLOROPHENOL 44 0 0 .. •PARACHLOROMETA CRESOL 44 0 0 · .. · · .. ·aiLOROfORM 10 2 t 3 • 3 25 .. 47
2-QU.OROPHENOL 44 0 0 · .. · · .. ·t,2-DICHLOROBENZENE 44 2 0 3 .. 3 3 .. 3
t.3-DICHLOROBENZENE 43 0 0 · .. · · • ·t.4-DICHLOROBENZENE 43 3 0 t .. 2 2 .. 3
3.3-0ICHLOROBENZIDINE 44 0 0 • ..



Table VI-li (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
CONTROLS

ALL SUBCATEGORIES
TOXIC POLLUTANTS

---------------~------------------------------------------.-------~-------------~------.--------------------TOTAL TOTAL ....£R DETECTED CONCENT'RATJONS IN UG/L
-..ER ....ER SAMPLES ----------------------_._---~--

CONPOCN) SAMPLES DETECT >fOUCJ/L "'N 10S IlEDIM -AN 80S JIAX

-~----------.--.-.---.-------.--------~-------------~-.----.-----.----~-----------------------~------------~

1.t-DICHLOAOETHWLENE 10 0 0 • •
1.2-TRANS-DICHLOROE~LENE 10 0 0 • ..
2.4-DICHLQROPHEHOL 44 0 0 .. •
1.2-DICHLORQPRQPANE 10 0 0 .. •
1.3-DICHLOROPRQPENE to 0 0 .. •
2.4-DIM£~LPH£NOL 44 0 0 .. •
2.4-DJNITROTOLUENE 44 0 0 .. •
2.8-DINITROTOLUENE 44 0 0 .. ..
1.2-DIPHENY~ORAZlNE 044 0 0 .. ..
ETHYL8ENZENE 10 0 0 · • · · .. ·FLUORANTHENE 44 1 0 3 .. 3 3 • 3
4-QIUlRQPttENYL PHENYL EtHER 44 0 0 .. ..

N 4-BROMOPHENYL PHENYL ETHER 44 0 0 .. ........ BIS(2-CHLOROISOPRDPYL) ETHER 44 0 0 ..
O'l ..

81S(2-QIlOROETHOXY1 IE11tANE 44 0 0 · • · · .. ·METHYLENE CHLORIDE (DIOLOAOMETHANE ) to • 7 3 .. '12 3•• • ..0
il£THYL OJlORJDE to 0 0 .. •
METHYL BROMIDE to 0 0 - "BRDl«JFORM 10 0 0 - ..
OICH.OROBROMIMETHAN£ ao 0 0 " ..
TRJOILOROFLUOAOMETHANE 10 0 0 .. •
OJCHLORODIFLUDROMETHANE 10 0 0 .. "CHLOROOIBROMONEllWtE fO 0 0 .. •
HEXAafLOROBUTAQIENE 044 0 0 " •HEXAOILORQCYCloPENTADIENE 44 0 0 " •
ISOPHDRONE 44 0 0 · • · · * ·NAPHTHALENE 44 1 0 3 • 3 3 " 3
NITROBENZENE 44 ~o 0 • ..



Table VI-Ii (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
CONTROLS

ALL SUBCATEGORIES
TOXIC POLLUTANTS

____ ~_____~_w_. ___. ___.4.__ . _______~_._~ ______ ._~ _____-----------------------------------.----------------~-
TOTAL .TOTAL' NJM8ER DETECTED CONCENTRATIONS IN UG/L
NUMBER NUMBER SAMPLES -------------------------------

COMPOUND SAMPLES DETECT >10UG/L MIN 1'* MEDIAN MEAN lOS MAX
w ___ ~_~_.___••~_8_____._._~_________ .~~____._.________------------------------------------------------------

2-NITROPHENOL 44 0 0 • •4-NITROPHENOL 44 0 0 · • · · • ·2,4-DINITROPHENOL 44 1 0 4 • .. 4 .. "4,8-DINITRO-O-CRESOL 44 1 0 8 .. 8 8 ,. 8
N-NITROSODIMETHYLAMINE 44 0 0 .. ..
N-NITRGSODIPHENYLAMINE 44 0 0 • ..
N-NITROSODI-N-PROPYLAMINE 44 0 0 • •PENTADtLOROPHENOL 44 0 0 · .. · · .. ·PHENOL 44 2 0 3 • 3 3 .. 3
BIS(2-ETHYLHEXYL) PHTHALATE 44. 1. 14 3 3 215 453 1210 1800

I\) BUTYL BENZYL PHTHALATE 44 2 0 3 .. 3 3 .. 3
~ DI-N-BUTYLPHTHALATE 44 13 7 1 1 I 27& 1'0 HOG
-:l DI-N-OCTYL PHTHALATE 44 0 0 • · · .. ·DIETHVL PHTHALATE 44 B 0 1 • 2 2 '. .3

DIMETHYL PHTHALATE 44 0 0 • ..
BENZO(A)AHTHRACENE 44 0 0 • ..
BENZO(A)PYRENE 44 0 0 .. ..
BENZO(B)fLUORANTHENE 44 0 0 • ..
BENZO(K)FLUORANTHENE 44 0 0 .. ..
CHAYSENE 44 0 0 • ..
ACENAPHTHYLENE 44 0 0 · • · · • ·ANTHRACENE 21 1 0 3 • 3 3 .. 3
BENZO(G,H.I)PERYLENE 44 1 0 3 • 3 3 • 3
FLUORENE 44 0 0 · .. · · • ·PHENANTHRENE 21 1 n 3 • 3 3 .. 3
DIBENZO(A,H)ANmHRACENE 44 1 0 3 • 3 3 .. 3
INDENO(1.2,3-C.D)PVRENE 44 1 0 3 .. 3 3 .. 3
PYRENE 44 1 0 3 .. 3 3 • 3



Table VI-II (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
CONTROLS

ALL SUBCATEGORIES
TOXIC POLLUTANTS

------~-~---.-----------------------~--.---.--------.-._._.-.~---~--._~---~----~----------------------------
TOTAL TOTAL tulBER DETECTED CONCENTRATIONS IN UG/L
....ER .....ER SAIFLES -------------------------------

~ SAMPLES DETECT >10UG/L NIN 1~ MEDIAN lEAN IGS MAX
-------------------------------------.----------------------------------------------------------------------
'TETRAaLORO!THYLENE 10 0 0 . • . . '"TOWENE 10 B iii 3 • 25 41 • 148
TRICH..ORGETHYLENE 10 1 0 3 • 3 3 • 3
VINYL QtLORIDE 10 0 0 . '" . . •ALDRIN 37 2 0 3.18 • 3.18 3.11 • 3.11
DIELDRIN 37 1 0 3.11 • 3.11 3.18 • 3.18
atlORDANE 31 0 0 • •

I\) 4.4-DOT 37 0 0 · • · · • ·l-' 4.4-DOE 37 1 0 3.18 • 3.18 3.18 • 3.18
co C.4-DOD 37 1 0 3.18 • 3.18 3.11 • 3.11

ENDOSULFIIH-ALPHA 37 0 0 • •
ENDOSULFAN-BETA 37 0 0 • ..' •
ENDOSULFAN SULFATE 37 0 0 · • · '" ·ENDRIN 37 1 0 3.18 • 3.18 3.18 • 3.18
ENDRIN ALDEHYDE 37 0 0 · • · · • ·HEPTAOILOR 37 1 0 3.18 '" 3.18 3.111 • 3.18
HEPTACHLOR EPOXIDE 37 2 0 3.18 '" 3.18 3.11 a 3.11
BHC-ALPHA 37 2 0 3.18 • 3.11 3 •.11 • 3.11
BHC-BETA 37 0 0 · a · · • ·BHC (LltmAHE)-GA*"- 37 1 0 3.18 '" 3.11 3.18 • 3.18
BHC-DELTA 37 2 0 3.18 • 3.11 3.18 a 3.18
PCB-1242 (ARDaa.OR 1242) 37 0 0 '" '"PCB-1254 (AROCHLOR 1254) 37 0 0 '" '"PCB-1221 (AROCHLOR 1221) 37 0 0 '" •
PCB-1232 (AROOLQR 1232) 37 0 0 '" '"PCB-124B (AROCHLOR t248) 37 0 0 • •
PCB-12BO (AROOLOR t280) 37 0 0 • •
PCB-1018 (AROCHLOR 1018) 37 0 0 '" '"



Table VI-I1 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
CONTROLS

ALL SUBCATEGORIES
TOXIC POLLUTANTS

-~-~----------~------------------------~--_._---------------------~-----~~----------------------------~-----
TOTAL TOTAL NJMBER DETECTED CONCENTRATIONS IN UG/L
NJM8ER NJN8fR SAMPLES -----------------------------~-

COMPOUND SAMPLES DEnCT >1OUG/L MIN 10% MEDIAN MEAN 1M MAX
--------------------------~---------------------------------------------------------------------------------

TOXAPHENE 37 0 0 • •
2.3.7.8-TETRACHLOROOI8ENZO-P-DIOXIN 27 0 0 • •
ANTHRACENE/PHENANTHRENE 20 0 0 • . •
ANTIMONY (TOTAL) 19 2 0 1 .. 1 1 ., 1
ARSENIC (TOTAL) 19 10 0 1 1 2 2 3 5
BERYLLIUM (TOTAL) 20 0 0 • . . • .
CADMIUM (TOTAL) 20 1 1 20 • 20 20 • 20
QiROMIUM (TOTAL) 20 1 1 30 • 30 30 • 30

l\.) COPPER (TOTAL) 20 9 4 5 .. a n .. 58......
\D LEAD (TOTAL) 20 5 5 88 • 100 102 ., 115

MERCURY (TOTAL) 20 11 0 0.10 0.10 0.35 0.9' 3.18 3,'0
NICKEL (TOTAL) 20 2 2 50 " 50 50 • 50
SELENIUM (TOTAL) 20 8 0 0 • 2 2 • 2
SILVER (TOTAL) 20 0 0 .. . '* .
THALLIUM (TOTAL) 20 3 0 1 • 1 1 • 1
ZINC (TOTAL) 20 10 10 27 21 38 108 300 380



Table VI-II (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
CONTROLS

ALL SUBCATEGORIES
CONVENTIONAL AND NONCONVENTIONAL POLLUTANTS

DETECTED CXJNCENTRATIOHS IN UG/LTOTAL
....ER
SAMPLES

TOTAL
....ER
DETECTS MIN 10S MEDIAN lOS

JRCH (TOTAL)
IWGANESE (TOTAL)
PHENOLICS( 4AAP)

20
20

1

te
e
o

43
10

1St
•
*

ue
15

4038 4422
48 •

•
15000O

180



Table VI-12

WASTEWATER CHARACTERIZATION SUMMARY
PLANT BLANKS

ALL SUBCATEGORIES
TOXIC POLLUTANTS

~ ____ • ______________ ._~_________ w __________ ~ ________~_-----••••---------------.-----••-------------.--------

'TOTAL TOTAL MJM8ER DETECTED CONCEHrRATJOHS IN UGlL
NUMBER NUMBER SAMPLES -----~----_._------------------

COMPOUND SAIFLES DETECT >10UG/L MIN 10S MEDIAN MEAN IGS MAX
------------------------~----.-----.----------------------~------~~--------------------.----~---------------

ACENAPHTHENE 21 0 0 *' •
ACROLEIN U 0 0 • •ACRYLOttITRILE 11 0 0 · *' · · •BENZENE 11 • 3 1 *' 3 11 • 110
BENZIDENE 2f 0 0 • •CARBON TETRAQLQRIDE 11 0 0 · • · *'CiLOROBENZENE 11 2 0 3 *' 3 3 • 3
t,2.3-TRICHLOROBENZENE 2f 0 0 • •HEXACHlOROBENZENE 2t 0 0 · • · · • .

I\.'l 1.2-DICHLOROET~ 11 2 0 1 *' 1 2 • 3I\)

..... I, I, I-TRICHLOROETHANE 11 2 0 1 • • f *' 2
HEXAOfLOROETHANE 21 0 0 • *'I.I-OIOHLOROETHANE It 0 0 · *' · •1.I,2-TRICHLOROETHANE 11 , 0 3 * 3 3 • 3
l,t.2.2-TETRACHLOROETHANE 11 1 0 3 • 3 3 • 3
CHLOROETHANE 11 0 0 *' •BIS(CHLOROMETHYL) EtNEtt to 0 0 *' *'BIS(2-CHLOROETHYL) ETHER 21 0 0 • •2-CHLOROETHYL VINYL ETHER (MIXED) 11 0 0 *' •2-CHLOROHAPHmHALENE 21 0 0 '* ..
2,4.S-TRICHLOROPHENOL 21 0 0 .. •
PARACHLOROMETA CRESOL 21 0 0 · .. · · .. .
CHLOROFORM 11 ff S 3 3 U 21 12 130
2-CHLOROPHENOL 21 0 0 *' ..
1.2-DICHLOROBENZENE 21 0 0 .. •
t.3-DICHLOROBENZENE 21 0 0 .. •
t.4-DICHLORGBENZENE 21 0 0 .. •3,3-0ICHLOROBENZIDINE 21 0 0 *' •



Table VI-l2 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
PLANT BLANKS

ALL SUBCATEGORIES
TOXIC POLLUTANTS

----~-----------------------------------------------~---.----~----------------------------.---------.~------
TOTAL TOTAl tlJMBER DETECTED CONCENTRATIONS tN UQ/L
NJIIBER .....ER SAMPLES -------------------------------

em.ouND SAMPLES DETECT >tOUGi/l MIN t~ MEDIAN MEAN 80'1 MAX
-------------------------------------------------------------------------------------..---------------------

t,t-DICHLOROETHYLEN! 11 0 0 · * · · *' ·1.2-TRANS-DICHLOAOETH¥LEHE 11 2 0 1 • 1 2 • 2
2.4-DICHLOROPHENQL 2t 0 0 .. ..
1.2-DICHLOROPROPANE 11 0 0 • ..
1,3-01CHLOROPROPENE 11 0 0 .. •
2.4-DIMETHYLPHENOL 21 0 0 * *'2,4-DINITROTOLUENE 2t 0 0 * ..
2,8-DINITROTOLUENE 21 0 0 *' ..
t,2-DIPHENYLHYORAZINE 2t 0 0 · .. · · ..

I\} ETHYLBENZENE 11 4 1 1 .. 2 8 * 20lU
1'-> FLUOIlAHTHENE 21 0 0 .. ..

.. -CHLDROPHEN't'L PHENYL ETHER 21 0 0 * ..
4-SRDMOPHENYL PHENYL ETHER 2t 0 0 • •
BtS( 2-<:HlOROISOPROPYL) ElMER 21 0 0 .. •
BIS(2-OHLOROETHOXY) METHANE 2t 0 0 · *' · *' ·METHYLENE CHLORIDE (DIOflOROMETHANE) 11 to I 3 3 2BOO 15321 11000 23000
METHYL CHLORIDE 11 0 0 ~ ..
METHYL BROMIDE 11 0 0 · .. · ..
BROI«JFORN 11 f 0 3 • 3 3 .. 3
DICHLOROBROMQMETHANE 11 0 0 · • · · .. ·TRICHLOROFLUOROMETHANE 11 8 8 13 • 25 ,. • 50
DICHLORODIFlUOROM£l'tIME ff 0 0 .. •
ctl.OROOIBROMOMETHANE 11 0 0 .. ..
HEXACHLORQBUTADIENE 2t 0 0 • *HEXACHLOROCYCLDPENTADIENE 2t 0 0 • ..
ISOPHORONE 21 0 0 .. ..
NAPtfTHALENE 2f 0 0 • *NITROBENZENE 2t 0 0 • •



Table VI-l2 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
PLANT BLANKS

ALL SUBCATEGORIES
TOXIC POLLUTANTS

________ w _____________________________________________----------.------------------------.---------------.--

TOTAL TOTAL NJM8ER DETECTED CONCENTRATIONS IN UG/L
NJMBER MMBER SAllFUS ----.--------------._----------

COMPOUND SAIFLES DETECT >10UG/L MtN 1~ NEDIM MEAN 101 MAX
----------------------------------------------------------------.---------------------------------------~.--

2-NITROPHENOl 2t 0 0 * *4-NITROPHENOL 21 0 0 * •
2.4-DINITROPHENOL 2t 0 0 • •4.S-DINITRO-O-CRESOL 2t 0 0 • •
N-NITROSODIMETHYLAMINE 21 0 0 • •
N-NITROSODIPHENYLAMINE 21 0 0 • *N-NITROSODI-N-PROPYLANINE 2t 0 0 • •
PENTACHLOROPHENOL 21 0 0 * *PHENOL 21 0 0 • . . • .

I\) BIS(2-ETHYLHEXYL) PHTHALATE 2' 4 4 tS • .40 181 • 1800
I\) BUTYL BENZYL PHTHALATE 2' 0 0 • *w . . .

DI-N-BUTYL PHTHALATE 21 1 1 220 • 220 220 • 220
DI-N-OCTYL PHTHALATE 2' 0 0 • •
DIETHYL PHTHALATE 21 0 0 • •
DIMETHYL PHTHALATE 2' 0 0 • •
BENZO(A)ANTHRACENE 21 0 0 • •
BENZD(A)PYRENE 21 0 0 • •
BENZO(B)FLUORANTHENE 21 0 0 • •
BENZO(K)FLUORANTHENE 2' 0 0 • •
OfRYSENE 21 0 0 • •
ACENAPHTHYLENE 2' 0 0 • •
ANTHRACENE 21 0 0 • •
BENZO(G.H.I)PERYLENE 21 0 0 • •
FLUORENE 2' 0 0 • .,
PHENANTHRENE 21 0 0 • .,
DIBENZO(A.H)ANmHRACENE 21 0 0 • •
INDENQ(1.2.3-C.D)PYRENE 21 0 0 • •
PYRENE 21 0 0 • •



Table VI-12 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
PLANT BLANKS

ALL SUBCATEGORIES
TOXIC POLLUTANTS

-~-------------------------------_._------------------ ------------------------------------------------------
TOTAL
....ER
SAllPLES

TOTAL ....ER
....ER SAMPLES
OETECT >10lJQ/L

D£TECTEO alNCENTRATlOMS IN lIlIIL

MIN 1~ MEOIAN MEAN _

TETRActLIlllOETHLENI! 11 1 3 1 • 1 111 • 40
fOLUENE 11 10 2 3 3 5 20 70 12
TRlatLOROETHYLENE 11 1 0 3 • 3 3 • 3
VINYL aLORlD£ 11 0 0 • •
ALORIN 21 0 0 • •
OIELORIN 21 0 0 • •
OLORDAHE 21 0 0 • •
4,4-DDT 21 0 0 • •

'"
4,4-DD£ 21 0 0 • •

'" 4,4-DDD 21 0 0 • •
J:=" ENDOSULFAN-ALPHA 21 0 0 • •

ENDOSULFAN-BETA 21 0 0 • •
ENDOSULFAN SULFATE 21 0 0 • •
ENDRIN 21 0 0 • •
ENDRIN ALDfHYDE 21 0 0 • •
HEPTAOtLOR 21 0 0 • •
HEPTACHLOR EPOXIDE 21 0 0 • •
BHC-ALPHA 21 0 0 • •
BHC-IETA 21 0 0 • •
BHC (LlND_)-~ 21 0 0 • •
BHC-DELTA 21 0 0 • •
PCB-1242 (ARDalLllR 1242) 21 0 0 • •
PCB-1254 (AROQlLOR 1254) 21 0 0 • •
PCB-1221 (ARDalLllR 1221) 21 0 0 • •
PCB-1232 (ARDCHLOR 1232) 21 0 0 • •
PCB-1241 (ARDCHLOR 1241) 21 0 0 • •
PCB-128O (AROCHLOR 1280) 21 0 0 • •
PCB-l018 (ARQCHLOR 1018) 21 0 0 • •

---- ----------------------------------------------------



Table VI-12 (Continued)

WASTEWATER CHARACTERIZATION SUMMARY
pLANT BLANKS

ALL SUBCATEGORIES
TOXIC POLLUTANTS

TOTAL
NJMBER
SAMPLES

TOTAL NUMBER
NUMBER SAMPLES
DETECT >fOUG/L

DETECTED CONCENTRATIONS IN UG/L

MIN 1~ MEDIAN MEAN lOS

TOXAPHENE
2,3.7.a-TETRACHLORODIBENZO-P-DIOXIN
ANTHRACENE/PHENANTHRENE

21
2.
21

o
o
o

o
o
o

*'.-
•

•..
*'



Table VI-I3 (3)

TUBING LEACHING ANALYSIS RESULTS

Component

Bis (2-ethylhexyl) Phthalate

Acid Extract
Base-Neutral Extract

Phenol

Acid Extract
Base-Neutral Extract

N.D. - Not Detected

Micrograms/Liter

Original ISCO

915
2,070

19,650
N.D.

226

Tygon

N.D.
885

N.D.
N.D.



suggests contamination as a possible source, especially considering
the relatively low concentrations detected in the samples. More
importantly, all of these compounds may be found in the laboratory as
solvents, extraction agents or aerosol propellants. Thus, the
presence and/or use of the compounds in the laboratory may be
responsible for sample contamination. This type of contamination has
been previously addressed in another study (5). In a review of a set
of volatile organic blank analytical data from this study, inadvertent
contamination was shown to have occurred for each of the above
compounds (see Table VI-12).

Another contaminant is methylene chloride. This compound is separated
and quantified with other volatile compounds. The organics analytical
procedure involves the use of methylene chloride as a solvent (1),
(5). Thus, the relatively high concentrations and the detection of
this compound in 47 of.51 of the treated water samples (Table VI-2)
may be explained by its use in analytical procedures.

Priority Organics Detected in Treated Effluents at One or Two Mines
and Uniquely Related to Those Sources

The 23 pollutants in Table VI-14 were detected at two or fewer
facilities and always at concentrations below 10 ug/l. One of these
compounds is a member of the phthalate family, two are volatile
organics, three are acid-extractable, twelve are base neutrals and
five are pesticides. These organics are excluded from regulation
since they are present at less than the nominal detection limit (10
ug/l) in two or less facilities within the category. This level was
established by the Agency to indicate where background signals in the
machines used for analysis begin to mask actual detection signals
(i.e., the signal to noise ratio reaches approximately 2:1).
Examination of Tables VI-l1 and VI-12 shows that 14 of these compounds
were also detected in at least one field blank or control sample.

Priority Organics Detected but Present in Amounts too Small to be
Effectively Reduced

The 14 compounds in Table VI-15 were detected in treated effluents in
this industry. The concentrations of these pollutants are so small
that they cannot be substantially reduced. In some cases this is
because no technologies are known to further reduce them beyond those
of BPT; in other cases, the pollutant reduction cannot be accurately
quantified because the analytical error at these low levels can be
larger than the value itself. These 14 p91lutants are thus excluded
from regulation. Therefore, all pollutants listed in Table VI-8 were
determined to be excluded from regulation at this time.
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Table VI-14

COMPOUNDS DETECTED IN TREATED WATER
AT ONE OR TWO MINES

BUT ALWAYS BELOW 10 ug/l

1. *I,2-dichloroethane
2. hexachloroethane
3. *l,I,2,2-tetrachloroethane
4. *1,4-dichlorobenzene
5. 3,3'-dichlorobenzidine
6. *fluoranthene
7. bis{2-chloroethoxy) methane
8. *2,4-dinitrophenol
9. *4,6-dinitro-o-cresol

10. pentachlorophenol
11. di-n-octyl phthalate
12. benzo{a)anthracene
13. chrysene
14. *anthracene
15. fluorene
16. *phenanthrene
17. *pyrene
18. *benzo{g,h,i)perylene
19. *aldrin
20. 4,4'-DDT
21. *4,4'-DDD
22. *heptachlor
23. *heptachlor epoxide

*This compound was detected in one or more field blanks and/or
controls.
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Table VI-IS

PRIORITY ORGANICS DETECTED BUT PRESENT IN
AMOUNTS TOO SMAll.. TO BE EFFECTIVELY REDUCED

1. I.l.I.-trichloroethane
2. l.l-dichloroethylene
3. 1.2-trans-dichIoroethylene
4. ethylbenzene
5. trichlorofluoromethane
6. trichloroethylene
7. 1,2-dichlorobenzene
8. naphthalene
9. dibenzo (a,h) anthracene

10. indeno (1.2.3-c,d) pyrene
11. BRC-Alpha
12. BRC-Beta
13. BRC-Gamma
14. BRC-Delta
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PRIORITY METALS EXCLUDED FROM REGULATION

All of the priority metals have been excluded from regulation.
Examination of Table VI-2 shows that five priority metals (antimony,
beryllium, cadmium, silver and thallium) and cyanide were detected in
effluents at more than two facilities. However, in all cases the
detected concentrations were at levels only slightly above the
detection limit for each respective species. This precludes any
meaningful determination of the effectiveness of treatment beyond BPT
technologies. Thus, antimony, beryllium, cadmium, cyanide, silver and
thallium can be excluded from BAT regulation since they cannot be

, effectively reduced by known technologies.

The remaining eight (arsenic, chromium, copper, lead, mercury, nickel,
selenium, and zinc) were sometimes found at concentrations above the
detection limit in BPT-treated discharges as also shown in Table VI-2.
Paragraph 8(a)(iii) provides for' exclusion of pollutants if these
pollutants are already effectively controlled by technologies upon
which other effluent limitations and guidelines are based. It is the
Agency's opinion that these eight metals are in generally low enough
.concentrations such that they are effectively controlled by BPT
technology and thus were not selected for national regulation under
BAT or NSPS. However, some of these metals appear in significant
amounts for individual mines. This results from a number of factors,
including: (1) Differing trace element compositions in the precursor
plant life that was later transformed into coal, (2) Differing
geologies of strata surrounding the coal, and (3) Geographic
variations. In these cases, the permit authority should conSider the
imposition of a limitation for the pollutant of concern for the mine
in question.

230



SECTION VII

TREATMENT AND CONTROL TECHNOLOGY

INTRODUCTION

Previous sections have presented the characteristics of raw and
treated effluents in the coal mining industry, including the priority,
conventional, and nonconventional pollutants present in these
wastewaters. This section presents the existing treatment practices
of the coal mining industry (which should reflect, at a minimum, BPT
or equivalent technology), the candidate BAT treatment and control
technologies, and the associated levels of conventional, non con
ventional and toxic pollutant reduction. These control practices will
be evaluated only from a technical standpoint; cost considerations
will be presented in Section VIII.

APPROACH

A summary of in-use treatment technology (BPT or its equivalent) is
presented in this section for each subcategory. Next, the candidate
treatment technologies applicable to BPT-treated effluents in each
subcategory are reviewed. To determine the best available technology,
all potentially available treatment techniques were assessed according
to a number of initial criteria. These initial screening criteria
are:

1. The candidate technology must produce or be capable of
producing .an effluent of better quality than that required under BPT
guidelines.

2. The candidate technology must be in use or available to the
coal mining industry or transferable from other industrial or
municipal wastewater treatment applications.

3. Preliminary cost studies or cost data must be available;
this information should indicate baseline cost feasibility of the
candidate technology.
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sludge

Applying these initial criteria, the following candidate technologies
were selected:

1. Flocculant Addition,
2. Granular Media Filtration}
3. Carbon Adsorption,
4. Ion Exchange,
5. Reverse Osmosis,
6. Electrodialysis,
7. Ozonation, and
8. Sulfide Precipitation.

Next, the technical feasibility of these technologies was assessed
based on the following criteria:

1. Process fundamentals,
2. Control effectiveness,
3. Non-water quality impacts,
4. Reliability,
5. Secondary waste streams, and
6. Preliminary cost/economic considerations.

The process fundamentals description is a short summary highlighting
the major operating parameters, equipment required, and the mechanism
for pollutant reduction or removal. The degree of this reduction is
presented as the control effectiveness for each technology, in tabular
form where sufficient data exist.

The non-water quality impacts resulting from applications
treatment technique are also discussed. These include
generation, air pollution, and energy requirements.

Another factor considered--reliability--is principally a function of
the maturity of the technology; i.e., the degree to which the process
has been commercialized and initial problems resolved. The generation
of secondary waste streams, such as brines, are also important
parameters in determining the merit of each technology. Finally,
preliminary cost estimates were prepared to analyze the cost
effectiveness of each candidate technology.

After reviewing the above aspects of each technology and, in
particular, the pre~iminary cost and control effectiveness,
appropriate candidate treatment technologies in each subcategory were
selected.

The final screening step for the BATEA determination is application of
cost and economic criteria. Cost estimates are first prepared for
each technology not previously eliminated (these cost curves and
supporting material are presented in Section VIII). The cost curves
for each treatment system are then used as input to a computer
economic model. This computer model will predict the nationwide
economic impact by geographic region including total cost to the
industry; changes in selling price of the commodity, productivity,
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employment, and number of operating facilities; and import/ export
fluctuations. The results of this economic assessment are contained
in a separate document entitled, "Economic Impact Analysis for Final
Effluent Limitations and Standards for the Coal Mining Industries."

~ MINE DRAINAGE

Current Treatment Technology

Raw wastewaters from mines exhibiting acid drainage are characterized
by low pH and high levels of dissolved iron and other metals. Raw
wastewaters from· surface operations may carry substantial sediment
loads. The effluent limitations currently in force can be achieved by
application of the best practicable technology to these wastewaters.
For this subcategory, this level of technology includes chemical
precipitation/pH adjustment, aeration, and settling. A flow chart for
a typical BPT treatment system is illustrated in Figure VII-1. Each
of the principal process units is discussed below. The raw water
holding pond, although not always installed, is employed by many
facilities as an equalization basin. Variation in flow and
pollutants, particularly pH, can be minimized by this pond. Overflow
from this facility is then commonly routed to a mixing tank where pH
adjustment is initiated.

pH Adjustment/Chemical Precipitation

This technology consists of the addition of an alkaline reagent to
acid mlne drainage.to raise the pH to between six and nine. This pH
change also causes the solubilities of positively charged metal ions
to decrease and thus precipitate (settle as an insoluble compound) out
of solution. These metal ions are replaced in solution by more
acceptable calcium, magnesium and sodium ions. In general, three
types of reactions occur as a result of pH adjustment:

1. Neutralization, an ion exchange reaction that, in the case
of acid mine drainage, combines basic hydroxyl ions with acidic
hydronium ions;

2. Oxidation, which converts ferrous iron (iron in the +2
valence state) to ferric iron (iron in the +3 valence state); and

3. Precipitation, which results from solubility decreases of
toxic and other metal ions.
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The precipitates are, in most cases, metal hydroxides such as ferric
hydroxide (Fe(OH)3) which can be removed to a great extent by
settling. One of four reagents are commonly used to effect the above
reactions: hydrated lime (Ca(OH)z), calcined or quick lime (CaO),
caustic soda (NaOH), or soda ash (Na ZC03 ). Selection of one of these
alkaline compounds depends upon the acidity and ferrous/ferric iron
ratio of the raw mine water, and the availability and cost of the
reagents.

Hydrated Lime is the most commonly used reagent for pH adjustment. It
can be introduced as an aqueous slurry or as a dry powder. The slurry
can be prepared using the acid drainage, good quality water or treated
effluent. Dry lime or lime slurry is then, in most cases, added to
the acid mine drainage (AMD) in a mixing tank. Addition rates can be
controlled automatically or manually.

Calcined Lime (also termed "unslaked" Q£ "gu icklime") can also be used
as a reagent. A potential problem with the use of either calcined
lime or hydrated lime is the formation of gypsum (CaSO. 2H zO). This
compound forms when calcium ions from the lime reagent combine with
the typically high concentrations of sulfate ions present in AMD.
Gypsum will deposit on tanks, impellers, piping, control equipment
including pH probes, and other surfaces that contact the treated AMD.
High concentrations of gypsum, if allowed to accumulate, may result in
plugged lines and damaged equipment. This problem can be lessened
with proper chemical dosages, and correctly sized pipes and tanks.
The selection of the type of lime used is a matter of economics which
usually favor hydrated lime except in very large installations, where
use of unslaked lime becomes advantageous.

Caustic Soda or Sodium HydrOXide (NaOH) is used as the neutralization
reagent in a number of acid mines; most of these have drainage with
lesser acidity and iron concentrations, or low flows. Caustic soda is
a strong base, but it is also the most expensive per unit of alkaline
equivalence. As an aqueous solution, it mixes readily with AMD, and
reacts rapidly.

The use of an aqueous solution of caustic soda may eliminate the need
for expensive dispensing and mixing equipment. Savings in capital and
operating costs of such a system may more than offset the additional
expense of the reagent when only small amounts of alkali are needed.
Where calcium is the limiting reactant, caustic soda does not
precipitate calcium sulfate. This substantially decreases gypsum
deposits.

Caustic soda use also has several disadvantages. The reagent is
dangerous to handle, requiring the use of protective clothing.
Although it is available in 50 percent solution, this solution freezes
at 540 F and thus often requires heating to remove it from the
transport containers. Thus, a 20 percent solution is favored where
winter temperatures are below freezing. Nevertheless, even the 20
percent solution can continue to be difficult to pump at winter
temperatures. Also, because sodium hydroxide is such a strong base,
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closer flow-proportioned control is required to prevent overtreatment
( 1 ) •

Soda Ash Qr Sodium Carbonate (NazCO]) is used as an alkaline reagent
by a small perdentage of mining operations. Although some degree of
caution must be exercised in the use of soda ash, the hazards
associated with its handling are less than with caustic soda. Similar
to lime, soda ash can be added dry (ground or in briquettes), or as a
sluLry. The sludge formed with soda ash settles to greater densities
than sludge resulting from lime addition or caustic soda, but reagent
consumption is also relatively high.

Limestone has the lowest cost of any of the neutralizing reagents. It
is used minimally, however, because of several factors. Two
predominant disadvantages are that limestone has very low reactivity
at high pH and its use results in the formation of gypsum. This
substance coats the unreacted limestone and further reduces its
reactivity. The achievable pH ceiling for limestone treatment is
approximately 7.5, which is insufficient to precipitate many metals
(particularly manganese) (1).

The control effectiveness of neutralization and settling on metals is
dependent upon the reagent used, influent and effluent pH,
temperature, flow, and the presence of any side reactions including
metal chelation and mixed-metal hydroxide complexing. Complete mixing
of the alkaline agent and AMD is also important to control effluent pH
and metals removal. Table VII-l presents metals removal data for lime
neutralization generated in a pilot plant treatment study at EPAls
Crown Field site (2). Referring again to Figure VII-l, oxidation of
iron from its ferrous to ferric state can be achieved using aeration.

Aeration

Often, aeration is accomplished by allowing the water to simply flow
or cascade down a staircaselike trough or slUiceway. This causes
turbulence that increases the oxygen transfer rate and therefore the
oxidation reaction rate. In other cases, the air or oxygen may be
supplied by one or more of the following types of aerators:

1. Diffused air systems,
2. Submerged turbine aerators
3. Surface aerators.

The oxidation system consists of a tank or pond fitted with one of the
above aeration systems. The presence of dissolved oxygen supplied by
the aerating teChnique oxidizes ferrous ions enhancing the formation
of essentially insoluble ferric hydroxide. The resulting sludge is
more easily settled. Temperature, pH, flow, dissolved oxygen content,
and initial concentration are all important design parameters (3).

The control performance of aeration wilt cause a nearly complete
conversion of influent ferrous ion to the oxidized or ferric state.
Further, many volatile organics present are often stripped or oxidized
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Table VII-l

TRACE ELE.-iENT REMOVAL BY Ln1E NEUTRALIZATION
- CROWN MINE PILOT PLANT STUDY -

Spiked pH-7 pH-9 pH-11
Parameters Influent mg/l mg/l mg/l

Arsenic 1 .90 mg/l .10 .04 .03

Boron 2.36 2.25 1 .90

Cadmium .90 .18 .08 .01

Chromium .54 .04 .07 .05

Copper 5.30 .30 •11 .06.

Mercury .50 .02 .01 .02

Nickel .66 .34 .08 .06

Phosphorous 9.83 3 .. 81 2.30 3.56

Selenium .94 .05 .16 .39

Zinc 5.65 1 .01 .11 • 11

Source: (2)
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by this process to nondetectable levels (4). Referring again to
Figure VII-l, the neutralized wastewater, laden with insoluble
precipitates, is routed to a settling facility prior to final
discharge.

Settling

The process of sedimentation removes the suspended solids, which
includes the insoluble precipitates. Sedimentation can be
accomplished in a settling pond or clarifier (a settling tank). The
extent of solids removal depends upon surface area, retention time,
flow patterns, settling characteristics of influent suspended solids,
and other operating parameters of a particular installation.
Clarifiers are mechanical settling devices which can be used where
insufficient land exists for construction of a pond. Clarifiers
operate on essentially the same principles as a sedimentation pond.
The most significant advantage of a clarifier is that closer control
of operating parameters such as retention time and sludge removal can
be maintained, while problems such as runoff from precipitation and
short-circuiting can be avoided.

Center feed (the most common), rectangular, and peripheral feed basins
are a few of the several clarifier designs. Center feed clarifiers
have four distinct sections: the inlet zone, the quiescent settling
zone, the outlet zone, and the sludge zone. The inlet zone allows a
smooth transition from the high velocities of the inlet pipe to the
low uniform velocity needed in the settling zone. Careful control of
the velocity change is necessary to avoid turbulence, short
circuiting, and carryover. The quiescent settling zone must be large
enough to reduce the net upward water velocity to below the settling
rate of the solids. The outlet zone provides a transition from the
low-velocity settling zone to the relatively high overflow velocities.
The sludge zone must effectively settle, compact, and collect the
solids and remove this sludge without disturbing the settling zone
above. The bottom of the circular clarifier is usually sloped five to
eight degrees to the center of the unit where sludge is collected in a
hopper for removal. Mechanically driven sludge rakes rotate
continuously and scrape the sludge down the sloped bottom to the
sludge hopper (see Figure VII-2).

The rectangular basin or clarifier is similar to a section of a center
feed clarifier with the inlet at one end and the outlet at the other.
Usually a flight system removes sludge in the rectangular basin. The
flights travel along the basin bottom to convey the sludge to a
discharge hopper. To avoid turbulence, which would hinder settling,
the flight system moves slowly. This type of clarifier has the
advantage that common walls can be used between multiple units to
reduce construction costs (see Figure VII-3).

The peripheral feed or rim feed clarifiers shown in Figure VII-4, are
designed to utilize the entire volume of the circular clarifier basin
for sedimentation. In both types of clarifiers, water enters the
lower section at the periphery at very low velocities to provide
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immediate settling of large particles. In a peripheral take-off
configuration, the flow then accelerates toward the center and
subsequently drops as the flow reverses and redirects to a peripheral
overflow weir. In the center take-off system, effluent is discharged
through weirs located centrally. Peripheral feed clarifiers are
sensitive to temperature changes and load fluctuations. Sludge
recirculation is difficult with these types of clarifiers.

Clarification of acid mine drainage produces two secondary streams:
the clear overflow or decant and the sludge underflow. The overflow
is often discharged in current treatment systems. The dilute solids
underflow stream, usually of only 5 to 10 percent solids content is
often dewatered further before final disposal. Evaporation,
centrifugation, and vacuum filtration are several techniques that may
be used to further dewater sludges from clarifiers prior to ultimate
disposal.

Installation of clarifiers to provide sedimentation is principally in
hilly or mountainous areas where suitable land for a sedimentation
pond is difficult to obtain. Ponds can also be installed to provide
sedimentation capability. The settling pond can be created by
excavating a depression or damming a natural runoff water course. For
example, an abandoned strip mine pit at surface facilities may be
used.

The purpose of a sediment basin is to remove sediment from runoff and
thus protect drainageways, properties, and rights-of-way below the
sediment basin from sedimentation (6). Construction of these basins
is regulated primarily by the Office of Surface Mining Reclamation and
Enforcement (OSM) in the Department of Interior. A settling pond
operates on the principle that as the sediment laden water passes
through the pond, the particles will settle to the bottom and be
trapped. Some of the factors affecting the settling velocity of a
particle include water viscosity (which is a sensitive function of
temperature), and the density, size, and shape of the particle. For
instance, as the temperature increases, the water viscosity decreases,
and thus a particle will have a greater settling velocity in warm
water (7, 8, 9, 10, 11, 12).

The use of sedimentation facilities has been commonplace in the
industry for some time. Some mines, particularly in mountainous
areas, may opt for several small ponds. These ponds are usually
constructed in series, with the decant of one flowing into another.
Other acid mine drainage treatment plants use two ponds in a parallel
configuration. When the sludge content in one pond has reached
capacity, flow is diverted to the second pond and the sludge in the
first is either removed by dredging or allowed to undergo drying and
compaction which greatly reduces the sludge volume. When the second
pond is full of sludge, flow is returned to the first and the cycle is
repeated. Application of the above treatment technologies to acid
mine drainage will result in achievement of the BPT limitations dis
cussed in Reference 13.

242



A large amount of data is available on organic pollutant removal by
this technology, whereas less data exist in the literature for metals
removal. For cases where metals are present in the untreated
wastewater at the parts per million level, significant reductions of
Sb, As, hexavalent Cr, Sn, Ag, Hg, Pb, and Ni are documented in the
literature (16). Cu, Cd, and Zn removals vary widely, while
concentrations of Ba, Se, Mo, Mn, and Ware not significantly reduced.
BPT-treated effluents in the coal mining industry contain toxic metals
at the parts per billion level, and data quantifying reductions beyond
these levels are not available.

Activated carbon technology is predicated upon the considerable
sorptive properties of granular or powdered carbon. The activated
carbon process is often associated with organics removal, although
some reduction of heavy metals can also be accomplished (14, 15).

A typical system is depicted in Figure VII-5. Contaminated water is
introduced across a fixed or moving bed of granular or powdered
activated carbon. Residence time in the bed is the major control
parameter for pollutant removal. When a bed becomes fully loaded or
exhausted, the adsorbent must be regenerated or disposed of.
Regeneration (for granulated carbon only) is usually effected by
heating to volatilize any organics and/or heavy metals. The
adsorptive capacity of carbon depends on the pore size, typical size
of the sorbed molecules, pH of the solution, temperature, and the
initial pollutant concentration. Adsorption capacity generally
increases as pH decreases and, normally, adsorption efficiency
increases as the concentration increases (14).

presents an estimate of general effluent water quality
Suspended solids will qUickly foul an activated carbon

The
are

under the best management
The candidate end-of-pipe
acid mine drainage were

were selected for further study.
the reasons for their rejection

Activated Carbon

Candidate Treatment Technologies

Source control options are discussed
practices subsection (Section X) .
technologies examined for treatment of
previously listed and include:

1. Flocculant Addition,
2. Granular Media Filtration,
3. Activated Carbon,
4. Ion Exchange,
5. Reverse Osmosis,
6. Electrodialysis,
7. Ozonation, and
B. Sulfide Precipitation.

The first two technologies
remaining technologies and
discussed below.

Table VII-2
parameters.



table vtI-2

ESTIMATED EFFLUENT CONIAI.'lINANT LEVELS - ACTIVATED CARBON

Acid Mines Alkaline Mines

30-0ay Daily 30-0ay Daily
Average* Maximum* Average* Maximum*

pH 6-9.00 6-9.00 6-9.00 6-9.00

'total iron 2.00 3.00 2.00 3.00

Disso lved iron 0.30 0.60

Manganses) total 2.00 4.00 ...-
Total suspended

solids 15.00 30.00 15.00 30.00

*All values in mg/l except pH.

Source: (15)
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column, hence, filtration, which will itself reduce metals
concentrations, is a required pretreatment step in an activated carbon
system. Activated carbon columns would be ve~y difficult to ope~ate

at ~emote sites. Some p~ovision for ~egeneration (typically including
mul t iple hearth, furnaces) is requ i red to make such a system cost
effective. Beyond this, the substantial capital cost fo~ equipment
and the high operating costs for carbon pu~chase and regeneration
cannot be justified for any potential additional reductions of metals
beyond BPT. Based on these factors, activated carbon is not selected
as a BAT option for further analysis.

Ion Exchange. The prope~ty of reversible interchange of ions between
solids and liquids is the fundamental principle of ion exchange. 10n
rich water is introduced into an exchanger or column in which a solid
resin bed resides. This resin, most commonly a type of
styrenedivinylbenzene copolymer, has the ability to sorb (capture) and
contain ions before release during regeneration. Of the many ion
exchange configurations available, a typical arrangement, shown in
Figure VII-6, is a cation column using an acidic solution for
regeneration, followed by an anion column using an alkaline
regene~ation solution to elute (de-absorb with a solvent) sorbed
anions.

Individual ion exchange systems do not generally exhibit equal
affinity or capacity for each ionic species, and hence may not be
suited for broad-spectrum removal schemes in wastewater treatment.
Their behavior and performance are usually dependent upon pH,
tempe~ature, exchange resins, and concent~ation. The highest removal
efficien~ies are generally observed for polyvalent ions. In waste
water treatment, some p~etreatment o~ preconditioning of wastes to
adjust suspended solid concentrations and other parameters is likely
to be necessa~y.

High concentrations of ions other than those to be recove~ed may
interfere with practical ~emoval. Calcium ions, fo~ example, are
generally collected along with the divalent heavy metal cations of
coppe~, zinc, lead, etc. High calcium ion concentrations, the~efore,

may make ion exchange ~emoval of divalent heavy metal ions impractical
by causing rapid loading of resins.

Ion exchange can effectively p~oduce low levels of metals. However,
although ion exchange is a commercially available technology, it
becomes uneconomical on st~eams high in dissolved solids due to resin
replacement costs. Even at less than 500 ppm dissolved solids, ion
exchange is expensive and requi~es relatively sophisticated equipment
and control (2, 3, 17). Table V11-3 p~esents data from an EPA mine
d~ainage study showing metals ~emoval (2).

A number of ope~ational disadvantages are associated with this
technology. Fo~ instance, seconda~y pollution st~eam is generated and
must be treated. Iron fouling is a common problem in the cation
sorption column, necessitating an acidification step prio~ to the
first ~esin bed. Also, 'a final effluent neutralization step is
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Table VII ...3

ION EXCHANGE EFFLUENT WATER QUALITY (in mg/l)

Spiked Feed Cation Effluent Anion Effluent:
Parameter (mean) (mean) (mean)

pH 4.8 1 .9 9.9

Arsenic 2.47 1.68 0.52

Cadmium 0.95 0.04 0.001

Chromium 0.63 0.05 0.01

Copper 7.27 0.11 0.03

Iron. total 160 2.1 0.05

Manganese 3.9 0.09 0.05

Mercury 0.72 0.07 0.001

Nickel 0.86 0.02 0.02

Selenium 1.34 1 .19 0.09

Zinc 7.44 0.14 0.03

Source: Adap ted fram (2)
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Reverse Osmosis

required if the pH remains too high downstream of the anion exchanger.
Acidic and basic regenerant solutions are required. Operation of this
relatively sophisticated system at remote sites, especially in the
mountainous terrain of Appalachia, would be very difficult. For these
reasons, this technology was not selected as a BAT option for further
analysis.

reductions of acid mine
Although reverse osmosis is

249

effluent pollutant
by reverse osmosis.

Table VII-4 presents
drainage achievable

Reverse osmosis is the process of concentrating ions on one side of a
semipermeable membrane by the application of external pressure. This
pressure must be sufficient to overcome the osmotic gradient which
acts in the opposite direction--hence, the name reverse osmosis. This
is schematically illustrated in Figure V11-7. Water is separated from
the ions by forcing it across a membrane, which is impervious to ion
transfer. Treated water is then decanted and discharged, while the
brine requires further treatment prio~ to disposal.

Since 1966, the EPA has been sponsoring and conducting research to
determine the potential of using reverse osmosis to treat acid mine
drainage. This EPA work includes pilot plant studies that have been
undertaken at the Crown Mine Drainage Control Field Site (2). Results
from these and other research efforts (19) have shown that in treating
mine drainage, reverse osmosis can remove nearly all dissolved solids
and up to 95 percent of the aluminum, iron, calcium, magnesium,
manganese, sodium, and sulfate ions.

The basic reverse osmosis system consists of a number of potential
pretreatment steps (e.g., filtration, pH adjustment); a high pressure
pump (400 to 800 psig); a reverse osmosis membrane package; and post
treatment, if necessary (Figure VII-B). One of the problems
encountered in applying reverse osmosis to acid mine drainage
treatment is fouling of the membranes. Fouling of a semipermeable
membrane is defined as any reduction in permeability or efficiency due
to blinding of the membrane by suspended solids, age of the membrane,
or deterioration of the membrane. Membrane fouling progressively
lowers water recovery (until recovery rates are no longer practical).

The two major causes of fouling in the treatment of acid mine drainage
are chemical and bacterial. Two solutions for the bacterial fouling
are to disinfect the water before it enters the reverse osmosis unit
or to adjust the mine water to below pH 2.5 which greatly retards
bacterial growth. The two chief chemical compounds that can foul the
membrane are the sulfates of iron and calcium. Under normal
conditions ferric iron fouling can be controlled either by the
addition of an acid to maintain a pH below 3.0 or by the addition of
reducing chemicals such as sodium sulfite, to reduce ferric iron to
ferrous. The stream can also be filtered prior to polishing in a
reverse osmosis unit to remove suspended material such as ferric or
calcium sulfate.



Table VII-4

EFFLUENT WATER QUALITY ACHIEVED BY REVERSE OSMOSIS
(in mall)

Spiked Feed Product Brine
Parameter (mean) (mean) (mean)

pH 2.2- 2..0 3.6

Arsenic 2.29 0.01 3.58

Cadmium 0.83 0.006 1.22

Chromium 0.54 0.01 0.82-

Copper 6.18 0.01 9.12.

Iron, total 170 0.30 270

Manganese 110 0.20 180

Mercury 0.28 0.06 0.11

Nickel 0.74 0.01 1.10

Selenium 1.17 O. 11 1.83

Zinc 6.25 0.06 9.63

Source: Adapted from (2)
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Figure VII-7
TRANSFER AGAINST OSMOTIC GRADIENT IN
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slightly more effective than lime neutralization and settling for
metals removals, this technology is very expensive and appropriate
only for low volume, high dissolved solids feed streams. Further,
concentrated brine requiring further treatment is generated from the
separation chambers.

Based on the above considerations, reverse osmosis was not selected as
a BAT option for further analysis.

Electrodialysis

Electrodialysis can be used for the control of dissolved inorganics in
coal mine wastewaters. The technology is based upon differentially
permeable membranes operating in an electric field. Contaminated
water is introduced into a cell or "stack" of alternating anion- and
cation-permeable membranes. With an electric field applied across the
stack providing the driving force, ions are forced into alternating
cells, while deionized water is withdrawn from the remaining cells
(Figure VII-9). A small bench-scale electrodialysis unit was tested
by the Federal W~ter Pollution Control Administration at its Mine
Drainage Treatment Laboratory, Norton, West Virginia, in cooperation
with the Office of Saline Water (17). When used on drainage without
pretreatment, the cathode cell quickly became fouled with iron. In
those cases where the mine drainage was pretreated by lime
neutralization for iron removal, the unit operated satisfactorily.
Electrodialysis is a costly technology suitable chiefly for low flow,
high dissolved solids streams, with pretreatment frequently necessary.
Energy requirements to maintain the electrical field add significantly
to the operating costs. The process also produces a secondary stream
of concentrated brine that requires further treatment. Based on the
above considerations, electrodialysis was not selected as a BAT option
for further analysis.

Ozonation

Ozone, 03 , is an unstable molecule that is a powerful oxidant. Its
primary application to the coal mining industry is oxidation of metal
compounds that render them less soluble and thus increases the
settling rates. It has also been shown to be effective in the
oxidation of soluble manganese to an insoluble state which can be
rem0ved prior to discharge into streams. Because of the instability
of ozone, facilities for on-site generation are required. The gas is
generated by passing air across a high voltage field (5 to 30
kilovolts). The gas is then injected into a stream where oxidation
occurs (3). Preliminary cost estimates show ozonation to be a
relatively costly technology. Further, no data are available to
quantify toxic metals removal by ozonation sYstems on coal mine
drainage.

Finally, suspended solids in substantial concentrations impede
ozonation performance (16). Because of these factors, ozonation was
not selected as a BAT option.
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Sulfide Precipitation

Sulfide precipitation is analogous to lime precipitation in that
heavy metal cations (positively charged) are combined with anions
(negatively charged) to form an insoluble compound that settles out of
solution. In this process, sulfide is the anion used. Sulfide
precipitates vary in solubility which will determine the removal
efficiency. Heavy metal sulfides are in general very insoluble and
have excellent settling properties. Table VII-5 gives the theoretical
solubilities of hydroxides and sulfides of various metals in pure
water. In addition to having lower solubilities than hydroxides in
the alkaline pH ranges, sulfides also tend to have low solubilities in
the pH 7 range or below (14). Several steps enter into the process of
sulfide precipitation (16): 1. Preparation of sodium sulfide.
Although this product is often in oversupply from byproduct sources,
it can also be made by reduction of sodium sulfate. The process
involves an energy loss in the partial oxidation of carbon (such as
that contained in coal) as follows:

Na2S04 + 4C -~ Na2S + 4CO (gas)

2. Precipitation of the pollutant metal (M) in the waste stream by an
excess of sodium sulfide:

Na2S + MS04 -----"? MS (prec ipi ta te) + Na2S04

3. Physical separation of the metal sulfide in thickeners or
clarifiers, with reducing conditions maintained by excess sulfide ion.

4. Oxidation of excess sulfide by aeration:

Na2S + 202 ------"" Na2S04

In practice, sulfide precipitation can be best applied when the pH is
sufficiently high (greater than eight) to assure generation of
sulfide, rather than bisulfide ion or hydrogen sulfide gas. A process
utilizing ferrous sulfide as the principal source of sulfide ion has
been developed and appears to overcome the problem from the FeS only
when other heavy metals with lower equilibrium constants for their
sulfide form are present in solution. If the pH can be maintained at
8.5 to 9, the liberated iron will form a hydroxide and precipitate out
as well.

Although very effective in pollutant removal, sludge produced from
sulfide precipitation is easily degraded to soluble salts that will
leach toxic materials. SlUdge produced from lime addition is much
more stable (15). The most p~obable application of sulfide technology
is as a polishing unit downstream of a lime precipitation unit.
However, to be implemented in the coal industry, the problem of
potential leaching of soluble salts from sulfide precipitation sludge
must be mitigated or circumvented. Also, the cost of operation with
sulfides is much higher than lime neutralization, with only slight
improvement in effluent quality. These factors preclude sulfide
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Table VII-5

THEORETICAL SOLUBILITIES OF HYDROXIDES AND
SULFIDES OF HEAVY METALS IN PURE WATER

Solubility of Metal Ion (mg/l)
Metal As Hydroxide As Sulfide

Cadmium (Cd++) 2.3 x 10-5 6.7 x 10-10

Chromium (Cr+++) 8.4 x 10-4 No precipitate

Cobalt (Co++) 2.2 x 10-1 1.0 x 10-8

Copper (Cu++) 2.2 x 10-2 5.8 x 10-18

Iron (Fe++) 8.9 x 10-1 3.4 x 10-5

Lead (Pb++) 2.1 3.8 x 10-9

Manganese (Mn++ ) 1.2 2.1 x 10-3

Mercury (Hg++) 3.9 x 10-4 9.0 x 10-20

Nickel (Ni++) 6.9 x 10-3 6.9 x 10-8

Silver (Ag+) 13.3 7.4 x 10-12

Tin (Sn++) 1.1 x 10-4 3.8 x 10-8

Zinc (Zn++) 1.1 2.3 x 10-7

Sources: (20, 21, 22)
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precipitation from being considered as a candidate best available
technology.

Chemical coagulants are most commonly added upstream of sedimentation
ponds, clarifiers,. or filter units to increase the efficiency of
solids separation. The settling solids are more effective in

a negative charge.
used. Synthetic
they function best
AMD.

The two technologies recommended for further evaluation and economic
impact assessments are flocculant addition and g~anular media
filtration. These are discussed in the following parag~aphs.

Flocculant Addition

The colloidal particles in AMD sludge usually carry
Consequently a cationic flocculant must be
polyelectrolytes are most frequently employed since
in the high ionic strength solutions encountered in

Flocculant addition .is a term often used interchangeably with chemical
coagulation. The process involves the aggregation and settling of
suspended particles by the addition of a coagulant aid. Technically,
coagulation involves the reduction of electrostatic surface charges
and the initial formation of aggregated material. Coagulation is
essentially instantaneous in that the only time required is that time
necessary for dispersing the chemicals in solution. Flocculation is
the time dependent physical process of the aggregation of wastewater
solids into particles large enough to be separated by sedimentation,
flotation, or filtration.

For particles in the colloidal and fine supracolloidal size ranges
(less than one eo two micrometers), natural stabilizing forces
(electrostatic repulsion, physical repulsion by absorbed surface water
layers) predominate over the natural aggregating forces (van der
Waals) and the natural mechanism which tends to cause particle contact
(Brownian motion). The function of chemical coagulation of wastewater
may b~ the removal of suspended solids by destabilization of colloids
to increase settling velocity, or the removal of soluble metals by
chemical precipitation or adsorption on a chemical floc (16).

There are three different types of flocculants: inorganic
electrolytes, natural organic polymers and synthetic organic
polyelectrolytes. Inorganic electrolytes are salts or multivalent
ions such as alum (aluminum sulfate) that act by neutralizing the
charged double layer of colloidal particles. Natural organic polymers
are derived from starch, vegetable materials, or monogalactose, and
act to agglomerate colloidal particles through hydrogen bonding and
electrostatic forces. Synthetic polyelectrolytes are polymers that
incorporate ionic or other functional groups along the carbon chain in
the molecule. The functional groups can be either anionic (attract
positively charged species), neutral or cationic (attract negatively
charged species). Polyelectrolytes function by electrostatic bonding
and the formation of physical bridges between particles, thereby
causing them to agglomerate.



adsorbing fine metal hydroxide precipitates. As these fine particles
are agglomerated and settled, equilibrium relationships will cause
additional dissolved metals to react and form additional insoluble
precipitates. The major disadvantage of the addition of certain
coagulants to a raw wastewater stream is the production of large
quantities of sludge, which must subsequantly be disposed of.
Therefore, raw wastewaters may be treated by removal of easily settled
particles in a primary sedimentation pond. Coagulants are then added
to this effluent prior to secondary settling or filtration. In most
cases, chemical coagulation can be used with minor modifications and
additions to existing treatment systems. In mines with acid drainage,
this would be accomplished by polymer addition downstream of
neutralization and pri~ary settling facilities.

To assist in determination of performance characteristics of this
technology at acid mines, a treatability study (23), was performed at
four coal mine sites exhibiting acid mine drainage. Raw acid mine
drainage samples (from the Crown, Norton, Hollywood, and Will Scarlet
sites) were treated via lime neutralization and precipitation,
flocculation, aeration and settling.

Chemical dosage rates and polymer selection were determined by jar
tests. Settling tests were then conducted in an eight-inch inner
diameter by· eight foot high settling tube to establish performance
data. Spiking solutions containing priority metals were added to the
acid mine drainage to raise influent concentrations to levels
significant for measurement of test parameters. The chief objective
of the study was to establish priority metals and suspended solids
concentrations achievable by application of chemically aided
precipitation.

Settling tests performed with dosages of each chemical are summarized
in Table VII-6. Influent suspended solids concentrations are recorded
after addition of lime. As can be seen from Table VII-6, flocculant
addition consistently reduces effluent suspended solids to 20 mg/l or
less. In fact, reductions below 10 mg/l are frequent. Also, in other
industries, such as ore mining, reductions via flocculant addition of
total suspended solids to 15 mg/l and less are typical.

The removal of priority metals was also evaluated for each of the 28
settling tests. Because spiking solutions were not readily obtainable
and background levels were less than the detection limits, no data
could be recorded for removals of arsenic, antimony, selenium, and
thallium. Referring to Table VII-7, consistently high removals were
achieved for beryllium, cadmium, chromium, copper, iron, mercury,
nickel, lead, and zinc. Less consistent reduction is achieved for
silver and manganese. These effluent levels are summarized in Table
VII-7.

A number of points concerning this table should be made. First, raw
mine drainage from these facilities does not exhibit high (>1.0
mg/l) concentrations of priority metals. Copper, lead, zinc, chromium
(hexavalent), mercury, nickel, cadmium, and manganese were thus added
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Table VII-6
SUMMARY OF SETTLING TESTS PERFORMED

WITH FLOCCULANT ADDITION

Ch••teah Ad..... faUhl 'In.l S_peDdd 'oUd. (.,/l>
Kl_ T.at Ito. Sptll." LiM (-l!U 80111_ SuUld. (..It> PalJ.e.r (.,It> --I!!- ..I!!!- Influent Effluent

Cr_ C-I 0 0 0 5.0 5.0 n.t5 17.8
c-z Il 0 0 0 4.9 4.9 11.6· 1~.4

C-J J'4) 0 4- 7.1 466 19.0
C... Il 3~ 0 .. 7.0 414 15.8
C-5 420 0 l a 7.7 414 3.4
C-6 It 425 0 Za 1.1 535 Z.O

Mono'" 11-1 0 0 0 2.' 2.8 J.9 J.O
K-2 100 0 Z.O- 1.' 9.4 441 4.4
"-J Il 190 0 2.0- t.9 6.4 230 5.8..... ln 0 0.5" 2.8 8.1 1" 6.4
..-5 270 0 1.Db 2.8 8.1 222 8.6
11-6 It 300 0 I.ob 2.9 8.1 217 8.2

JouJWOOdII 11-1 2'4) 0 2.0- J.5 7.2 J611 1.6
"-2 • 265 0 1."- 1.6 1.1 348 9.0

I'\) 11-3 225 0 1.0- 3.1 1.4 188 8.0
\J1 "'" It 250 0 I.Ob 1.7 1.5 292 1.5
\D "-5 260 0 1.DC! 3.6 9.5 3Z2 4.0

8-6 11. J4() I) I.DC J.' 9.6 404 4.t
11-7 tn 10 I.DC 3.1 9.Z 412 3.8
"-II Il 360 110 I.DC 1.6 9.1 520 1.3

n-' JOO 0 I.DC! 3.7 9.6 )60 1.1
II-tO II 445 0 I.DC 3.7 10.1 484 2.0

Will Scarl.tll 8-1 10.400 0 I •DC! 1.5 9.7 n,J. 20.6
5-2 ]I n.325 0 I.oe 2.6 10.0 61.220 9.2
S-3 7,660 0 2.DC 2.5 8.2 22,950 •.... II 20,000 0 4.OC 2.4 11.0 42,400 •
s-5 1S.220 0 Z.OC 2.6 9.6 24,150 •
8-6 II: 11,810 670 2.OC 2.6 9.9 29,400 e

lIot••1

aDewell 144
"oo-ll 9058
ett.pt floc IlltOA
dAlI t ••u Include 30 .11l1tU ••ruloR of ._,le.
·SlucI.. va.....1... ft. tap eo no _.nlnalul ••Iue could be recotded.
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Table VII-7

SUHMARY OF TEST RESULTS FOR METALS REMOVAL (mg/l)
BY BPT AND FLOCCULANT ADDITION

Effluent
Hlne Te.t No. pll ros ~ As Be Cd Cr CU Fe ~ Hn NI Pb Sb 5e Tl Zo

Crown e-l (R(lv)
Influent 1,.9 3)40 DL PI. .008 .038 .0'" .019 JS5 DL 1,.6 .26 .002 DL DL DL .t.t)f)

Effluent 5.0 )360 PI. m. .007 .on .0112 .019 161 DL 4.7 .25 .008 DL OL DL .400

e-2 bpiked)
Influent 4.9 3510 .Oll PL .007 .150 .086 .] II 155 .80 4.7 .31 .280 DL ilL ilL .470
Effluent 4.7 3440 .007 PL .001 .141 .085 . J05 142 .126 4.J .29 .294 OL OL DL .430

C-3
Influent 1.0 3520 Dl. DL .008 .040 .OJ8 .006 154 DL 4.5 .30 DL PI. PI. DL .390

I\) Effluent 7.2 3490 .019 VI. DL .021 .041 .008 tl 01. 2.9 .12 DL DL VL DL· .008
0'\
0 C-4 (.piked)

Influent 7.0 3500 .006 pL .007 .no .089 .088 122 .DOl 3.11 .l1 .340 OL 01. 01. .390
Effluent ].0 3370 .016 OL DI. .060 .047 .009 23 .032 3.4 .18 OL PL DL DL .031

C-5
Influent 7.1 ]1,60 .015 Dl. .007 .038 .058 .016 1)8 . VI. 1,.2 .28 .002 lJL l>L l>L .:)78
Effluent 1.1 3410 .015 DI. D1. .020 .047 DI. 1.5 DL 1.9 .n OL OL OL DL .442

C-6 (spiked)
Influent 7.8 3610 .012 DL .006 .IA2 .090 .09" 1)8 .170 4.2 .12 .200 DL I)L DL .410
Effluent 7.8 3'.00 .008 OL DL .024 .046 .nJO .82 .024 1.9 .11 DL DL DL OL DL

Detection LI.lts .OOS .005 .001 .001 .002 .005 .005 .001 .00; .005 .001 .005 .010 .002 .002



Table VII-7 (Continued)

SUMMARY OF TEST RESULTS FOR METALS REMOVAL (mg/l)
BY BPT AND FLOCCULANT ADDITION

Effluent
Hine Test No. el.!_ TOS ~ As Be Cd Cr eu Fe !!fa Mn Ni Pb Sb Se Tl Zn

Horton H-l (Raw)
Influent 2.R 997 '.013 OL .007 .?37 .227 .4lt 40.3 .072 2.43 4.86 .004 DL DL DI. .688
Effluent 2.8 951 DL OL .007 .006 .017 .816 41.8 .080 2.19 .275 01. Ill. DI. DL .610

"-2
Influent 9.4 919 .005 DL .008 .007 .020 .1112 )7.8 01. 2.31 .294 01. 01. ilL DL .617
Effluent 9.4 91)3 01. OL DL .056 .O()2 .066- .756 OL .006 .058 01. ilL OL ilL .065

N-J (apiked)
Influent 6.3 1100 .023 OL .009 2.50 2.54 3.20 40.4 .790 4.13 2.78 7.0 ilL ilL DL 3.43
Effluent 6.3 1100 OL OL 01. .686 .077 .084 1.03 .410 3.41 .960 .029 DL OL OL .167

I\) H·4 (spiked)
0'\ Influent 8.3 983 .013 OL .009 .015 .023 . [46 36.4 .655 Z.J3 .317 .002 OL PI. DL .641
I-' Effluent 8.1 1000 OL DL OL DL .006 01.. 1. 38 DL .500 .066 OI. OL DL 01. .012

N-S
Influent 8.2 1020 .009 DL .011 .009 .023 .242 54.4 .615 2.82 .358 DL 01. PL OL .780
Effluent 8.0 989 .006 OL DL .020 .013 .005 1.<)/, .110 .439 .080 OL 0[. DL OL .025

H·6 (spiked)
Influent 8.1 1140 .015 OL .009 2..93 2.99 3.14 J7 .4 .750 5.23 3.18 8.5 I)l m. 01. 3.99
Effluent 8.0 1090 .010 OL DL .210 .091 .093 .821 .625 2.12 .312 .037 OL DL OL .095

Detectlon Limits .005 .005 .001 .005 .005 .005 .005 .001 .065 .005 .001 .005 .010 .002 .002



Table VII-7 (Continued)

SUMMARY OF TEST RESULTS FOR METALS REMOVAL (mg/l)BY BPT AND FLOCCULANT ADDITION

Effluent
Mine Test Ho. pH TDS ~ As lie Cd Cr Cu Fe ~ Hn Nl Pb Sb Se TI Zn

Holly· Raw 3.5 775 .022 DL .006 .020 .O/~O .019 46.9 DL 1. 3] .316 .010 PI. DL DL .521
wood

H-I
Influent .7.0 881 .009 OL .008 .022 .057 .OJ3 51LO DL l.60 .481 fJL DL DL OL .668
Effluent 7.4 839 .008 OL OL .006 .017 .017 1.13 OL .161 .012 PL OL DL DL .027

H-2 <-piked)
Influent 8.1 719 .Oll ilL .006 3.01 2.116 2.79 3).J 1.20 J4 3.38 4.8 PI. DL OL 2.78
EfEluent 8.8 733 .020 OL DI.. .08t, .089 .087- .80J .234 . I 79 .14 .MO OL DL OL .076

11-3
Influent R.4 631 .008 DL .001. .014 .Q33 .023 ]''-2 OL LH .305 PL DL OL OL .430
EfEluent 8.5 636 DL PL DL OL .019 VL 1.2Q OL .120 .074 DL DL OL DL .018

11-4 (sr1ked)
Influent 7.5 829 .010 DL .008 3.16 2.82 2.93 39.4 DL 3.59 3.60 4.10 DL PL DL 2.99

I\) Eff1u~nt 7.6 891 .013 PL DL .220 .118 .10') 1.29 .005 1.35 .414 .046 OL DI. DL .106
0\
I\)

H-5
Influent 9.5 799 .Oll DL .008 .018 .039 .016 57.2 DL 1.59 .437 DL OL DL DL .625
Effluent 9.S 822 .014 DL OL DL .021 .006 .185 OL .040 .079 D1. OL 01. DL .020

"-6 <spiked)
Influent 9.6 1060 .021. DL .OO? 3.15 2.'H 2.90 1,7.0 L07 3.84 3.65 4.2 PI. OL OL 3.04
Effluent 9.6 )000 DL DL OL .029 .048 .023 .351 .151 .060 .118 .015 ilL DL DL .011

0·7
Influeont 9.2 346 DL DL .009 .019 .043 .015 50.1 Ill. 1.42 .409 DL ill ilL DL .565
Effluent 9.2 864 DL ()L 1>1. IX. ~OJ7 OL .534 ()L .026 .075 PL PI. OL DL .011

11-8 (spiked)
Influent 9.6 980 .006 OL .00' J.ll 2.83 2.90 51.1 .715 3.95 3.67 4.50 OL DL PI• 3.07
Effluent '.1 1000 DL OL DL . 024 • Oil 7 .022 .395 IlL .041 .109 .011 OL OL DL .023

11-9
Influent: 9.7 879 .017 DL .00'. .015 .042 .015 48.9 PL 1.40 .401 DI. OL Df. OL .558
Effluent 9·4 831 .013 DL OL OL .019 OL ./,n OL .027 .085 f)L OL DL OL .008

11-10 (spliced)
Influent 10.2 1090 .022 PL .005 2.93 2.72 2.7Q 45.9 2.62 3.74 3.56 5.5 Dt OL DI. 2.92
Effluent 10.0 1030 .014 OL DL .024 .041 .026 .306 .819 .032 .104 .008 m. DI. DL .017

-
Det@ctlon Ll.lts .005 .001 .nOl .002 .005 .001 .005 .OOS .OOS .005 .001 .005 .010 .002 .002



Table VII-7 (Continued)

SUMMARY OF TEST RESULTS FOR METALS REMOVAL (mg/l)
BY BPT AND FLOCCULANT 'ADDITION

Effluent
~ Te.t No. pH TDS ~ ~ Be ~ C[' Cu Fe !!a Hn N1 Pb Sb Se Tl Zn

Will Raw 2.03 19100 .241 DL .17S .603 .461 • 2M) 1O.~0 .628 18l 1.21 .012 DL DL bL 31.6
Scarlet

8-1
Influent 9.6 2650 .168 DL .ll7 .~23 .431 .208 1220 IlL 221 6.08 OL DL m. DL 22.6
Effluent 9.15 2920 .085 DL .045 .196 .118 .081 311 DL 61.8 2.l6 DL DL DL DL 8.66

5-2 (spiked)
.272 4.31 3.49 4.15Influent 10.5 3250 .2~8 .017 J.73 1980 .121 11.9 DL DL DL 01• 39.3

Effluent 9.8 2610 .158 m. PL .051 .097 .082 .809 ' .013 •283 DL DL DL DL DL .059

Detection I.fllits .005 .005 .001 .001 .002 .005 .005 .001 .005 .005 .001 .005 .0lD .002 .002

N
0\
I.JJ



to the raw drainage in about half of the tests to yield a
concentration of 3 mg/l for each of the metals prior to neutralization
and flocculant addition. Due to an inadvertent error, the spiked
solutions used at the Crown site produced an initial concentration of
only 0.3 mg/l for each spiked priority metal. At Norton, these
compounds were added as nitrates and at Hollywood, chloride metal
salts were utilized.

Second, the quantity of lime required to neutralize the acidity in the
drainage from Will Scarlet was so voluminous for tests 5-3 through 5-6
that the settled sludge kept the lower· sampling tap (where metal
samples were obtained) covered throughout the test. Thus, analytical
results are available on the metals contained in AMD sludge, but are
of no value and, as such, are not included on Table VII-7.

Thirdly, raw water characteristics from the Crown site are presented
as settling tests C-1 and C-2. This is also true of the Norton site
where test N-1 summarizes raw mine water settling characteristics.
These tests were run without chemical addition to establish baseline
performance data. Tests on raw water at Hollywood and Will Scarlett
would be redundant and hence were not conducted.

Excluding the datd from tests 5-3 through S-6, means are presented in
Table VII-B for each of the final effluent metals concentrations
(quantifying non-detected values as 1/2 the detection limit). These
values represent achievable effluent limitations for acid mine
drainage from deep and surface facilities through the application of
BPT and flocculant addition technology.

Additional treatability analyses have been conducted by the Agency at
the Crown, West Virginia site for polymer addition; results indicate
that certain priority metals (Ni, Cu, Cr, and Se) are effectively
reduced (2). Other studies have also confirmed the suspended solids
and metals reduc~ions documented above (16, 24, 25, 26, 27, 28).

In cases where settling ponds are at remote locations, construction of
access roads and power lines will be necessary to install and maintain
polymer feed equipment. The installation of chemical handling
equipment, tanks, access roads, land, and power lines in remote areas
could exacerbate coal mining production problems, particularly for
small mines. Costs for those items are presented in the next section
of this report. In some cases where ponds are difficult to access or
lack electricity, gravity feed systems (used in one Western coal mine
visited) or diesel generators can be employed.

Filtration

Filtration is used as a suspended solids and metals removal
technology. Filter systems are usually located downstream of primary
gravity settlers, lime precipitation units, or polymer addition
equipment. Filtration is accomplished by the passage of water through
a physically restrictive medium with resulting entrapment of suspended
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Table VII-8

MEAN FINAL EFFLUENT CONCENTRATIONS (mg/l) FOR
UNSPIKED AND SPIKED SAMPLES

Unsplked Spiked

Standard Standard
Metal Mean Deviation Mean Deviation-

Ag .009 .006 .023 .045

As ~O025 0 .0025 0

Be .0005 0 .001 .002.
Cd •0252 .060 .150 .203

Cr .0581 .0622 ~072 ~O263

Cu .0114 .0197 .0636 .043

Fe 2.28 3.79 2.96 7.04

Hg 0.0114 0.0327 .183 .280

Hn ~612 .986 1.55 1.60

Ni .084 .023 .273 .263

Pb .0005 0 .019 .018

Sb .0025 0 .0025 0

Se .005 0 .001 0

T1 .001 0 .001 0

Zn .0642 .134 .059 .0521
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particulate matter. Filtration is a versatile method in that it can
be used to remove a wide range of suspended particle sizes.

Filtration processes can be placed in two general categories: (1)
surface filtration devices, including microscreens and diatomaceous
earth ,filters; and (2) granular-media filtration, such as rapid sand
filters, slow sand filters, and multimedia filters. For application
to coal mine wastewaters, granular media filtration systems are most
suitable.

Granular media filtration utilizes a variety of mechanisms including
straining, interception, impaction, and adsorption for suspended
solids removal. Filters are most often classified by flow direction
and type of filter bed. Downflow, multimedia filters would probably
find the widest application to both acid and alkaline coal mine
wastewaters. In such a system, influent is piped to the top of the
filter and by gravity or external pressure percolates through the bed
before discharge or further treatment.

Maximum loading of the filter is determined either by a prescribed
permissible head loss (the pressure drop across the filter) or a
ceiling level of suspended solids in the filtered effluent. When
these conditions occur, the filter is backwashed and air-scrubbed to
clean the bed, and the wash water disposed of in an acceptable manner,
usually by settling and return to the head of the treatment plant.

Various combinations of media, including sand, gravel, garnet,
activated carbon, anthracite coal, and ilmenite, can be used in a
filtration system. These materials represent a wide distribution of
specific gravities and grain sizes. Total media depths typically
range' from 50 cm to 250 cm, with feedwater flux rates of 2 to 30
gallons per minute per square foot of cross-sectional area, with 10
gpm per square foot typical.

Whenever possible, designs should be based on pilot filtration studies
of the actual wastewater. Such studies are the best way to assure:
(1) representative cost comparisons between different filter designs
capable of equivalent performance (i.e., quantity filtered and
filtrate quality); (2) selection of optimal operating parameters, such
as filter rate, terminal head loss, and run length for a given medium
application; (3) defin.ite effluent quality performance for a given
medium application; and (4) determination of the effects of
pretreatment variations. Ultimate clarification of filtered water
will be a function of particle size, filter medium porosity,
filtration rate, and other variables.

The technology is proven in both industrial and municipal applications
and is less expensive than other technologies when reductions to 10
mg/l TSS and less and very low levels of suspended metals are to be
achieved. A major question in application to coal mine wastewater is
the potential for gypsum fouling/blinding if lime is used for
neutralization when calcium ions liberated by the dissolution of lime
(CaD) combine at alkaline pH with sulfate ions. This substance will
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deposit on surfaces throughout the treatment system. When this
material deposits on the granular media pores, water is impeded from
passing across or through the filtration apparatus. This phenomena is
called fouling or blinding. The problem can be abated by proper
dosage of lime, recycle of sludge or use of a different neutralizing
chemical. To examine the levels of suspended solids and toxic removal
potential achieved by filtration technology, a treatability study was
instituted by the Agency at two mines, both exhibiting normally acid
mine drainage (24, 25).

The first testing program, conducted on BPT-treated acid mine drainage
from a deep mine in Pennsylvania, consisted of bench scale jar tests,
dual media filtration tests and backwash settling tests at the coal
mine site. In addition to determination of achievable removal of
suspended matter, an evaluation of possible effects of fouling caused
by gypsum or excess lime was carried out. Further, a number of
filtration tests were run with addition of different polyelectrolytes
to ascertain their effect on filter performance. Composite samplers
were used to track filter progress.

Initial flux rates for each test were established at 20 gpm per square
foot of filter area. The influent to the test unit was clarifier
effluent from the acid mine drainage treatment plant. The final
effluent from a final settling pond was not used because the
concentrations of TSS and iron were too low to provide large enough
pollutant loadings to satisfactorily evaluate pollutant removal
capability. Test parameters for each test run are summarized in Table
VII-9. No filter test runs exhibited a significant flow reduction,
including a test of 43 hours duration (test no. 9). Effluent
suspended solids averages were always below 15 mg/l and, in many
cases, less than 10 mg/l. This level was independent of the duration
of the test run. At the end of each filter test run, the filter
media were cleaned by a combination of air and water backwash. A
backwash period of 10 minutes was found to be sufficient in each case
to regenerate the filter.

Analytical data for the priority metals are summarized in Table VIl
la. Priority metals in the clarifier effluent used as influent to the
filtration apparatus were very low. In addition, no spiking of
effluent for treatment was conducted. As a result, quantitative
prediction of priority metals. removal is not possible. Metal levels
in many influents were not detectable and in no case did a priority
metal have a filter effluent concentration of greater than .012 mg/l.
Reductions of iron to .75 mg/l average effluent concentration from 2.8
mg/l average influent, and reduction of manganese to .063 mg/l from
.17 mg/l average were achieved.

ALKALINE MINE DRAINAGE
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Table VII-9

SUMMARY OF FILTRATION TESTS PERFORMED

Suspended Solids (mt/l)
Test Polymer Added Influent E fluent Initial Final
No. (mg/l) Hin. Max. Ave. Hin. Max. Ave. pH pH

1 (none) 10.2 27.4 12.8 1.2 9.2 2.6 9.2 9.2
2 13.6 1.4 9.4 9.2
3 9.9 17.8 13.3 1.6 7.0 3.0 9.4 9.1
4 11.4 3.8 9.5 9.1
5 16.2 38.8 21.8 2.8 11.4 7.8 9.3 9.1
6 16.4 40.6 28.6 6.1 16.1 11.0 9.2 9.2
7 18 14.4 34.8 23.6 1.0 8.6 5.5 9.5 9.2
8 18 21.2 5.2 9.4 9.1
9 - 20.2 7.0 9.0 8.8

10 Ib 13.6 29.4 22.2 <1.0 13.6 7.3 9.4 9.1
I\) 11 Ib 19.0 48.2 33.6 9.9 17.3 14.1 9.2 9.2
0"\ 12 17.6 39.2 24.9 3.4 10.2 6.6 9.5 9.300

13 20.0 10.4 9.7 8.1
14 Ie 17.8 43.0 27.8 <1.0 10.6 6.5 9.4 9.3
15 l c 11.4 10.2 9.2 9.0
16 16.2 99.4 24.0 7.0 16.4 9.8 9.8 9.5
17 15.4 2.8 9.9 9.7

Notes: aDowel1 144
bMagnifloc 1820A
CCalgon L610E



Table VlI-lO
ANALYTICAL RESULTS FROM FILTRATION TREATABILITY STUDY

(in ug/l unless noted)

Teat Mo. pH (unita) TDS <118/1) .Y b Ie ed Cr 9! Pb Fe !!I III "1 $b Se Tl ~

Influent '.3 1400 10 <3 <I <8 16 10 <2 1900 <.5 120 <3 <S <3 <3 34
EfflUf!llt 9.3 1400 3 <3 <, <8 4 6 <2 110 <.5 16 <3 <5 <3 <3 t2

2

Influent 9.4 '400 8 <3 <1 <8 10 a (2 1900 <.5 130 <1 <5 <3 <3 27
Effluent 9.4 1400 1 <3 <1 <8 10 9 <2 260 <.5 28 <3 <5 <3 <3 23

3

Influent 9.2 1350 14 <3 <I <8 16 19 (2 280 <.5 43 <3 <5 <3 <3 22
Effluen~ 8.S 1400 15 <3 (1 (8 18 13 <2 2000 <.5 130 <3 <5 <3 <J 26,.
Influent 9.5 1400 11 <3 (1 <8 15 12 <2 2300 <.5 150 <3 <5 <3 <3 28

ru Effluent 9.4 1400 11 <3 <t <8 16 13 <2 330 <'5 39 <3 <5 <3 <3 18

"'"\D 5

Influent 9.3 1400 16 <3 <I <8 22 14 <2 3100 (.5 210 (3 <5 <3 <3 39
Effluent 9.1 1400 16 <3 <I <8 22 13 <2 610 <.5 13 <3 <5 <J <3 22

6

Influent 9.5 1400 23 <3 <1 9 26 17 <2 3200 <.5 210 <3 <5 <3 <3 44
Effluent 9.4 1400 21 <3 <1 10 26 16 (2 850 <.5 69 <3 <5 <3 <3 21

7
Influent 9.7 1400 28 <3 1 <8 17 <1 <2 3000 <.5 180 <3 <5 () <3 24
Effluent 9.4 1360 36 <J 7 <8 23 4 <2 690 <.5 54 <3 <5 <3 <3 12

8

Influent 9.6 1400 34 <J 7 <8 11 5 <2 3400 <.5 190 <3 <5 <3 <3 56
Effluent 9.7 1400 33 <J 7 <8 2J 7 <2 860 <'5 55 <3 <5 <3 <3 I:!

9

Influent 8.9 1420 4. <3 1 <8 11 8 <2 3400 <.5 205 <3 <5 <3 (3 21
Effluent 8.9 1430 <2 <3 8 <8 <3 <1 <2 nOD <.5 98 <J (5 (3 <3 11

10

Influent 9.3 1440 <2 <3 8 <8 <J (I <2 2600 <.5 160 (J <5 <3 <3 16
Effluent 8.8 1410 <2 U 7 <8 (] <1 <2 790 <'5 55 <:J <5 <3 <3 8



Table VII-lO (Continued)

ANALYTICAL RESULTS FROM FILTRATION TREATABILITY STUDY
(in ug/l unless noted)

Teet 110. pH (un1t!l TDS (..,I) ~ Ae ae Cd Cr Cu ~ !! !:!& Hn H1 Sb Se Tl ~

11

Influent 9.3 1440 <2 <3 8 <8 <3 <1 <:2 4100 <.5 250 <3 <5 <3 (J 26

Effluent 9.2 1440 <2 () 7 <8 <3 <1 (2 1100 <.5 77 <3 <~ () <3 1

12

Influent 9.5 1350 <2 <3 I <8 <3 <I (2 2700 <.5 160 <3 <5 <J <J 14

Effluent 9.4 1340 <2 <3 7 <8 <3 <1 (2 880 <.5 57 <J <, <3 <J <3

13

Influent 9.1 n60 <2 <l B <8 <3 <1 <2 3200 <.S 178 <3 <5 <3 <3 11

Effluent 8.6 f360 <2 <3 7 <8 <3 <1 <2 1300 <.5 91 <3 <5 (3 <3 ,
14

Influent 9.7 1410 <2 <3 8 <8 4 91 <2 3200 <.5 186 <3 <5 (J <3 70

Effluent 9.$ 1390 <2 <J 7 <8 2 2 <2 693 <.5 6' <3 <, <3 <J 4

I\)

-.:l 15
0

Influent 9.8 1400 <2 <l 8 <8 2 (I <2 4100 <.5 223 <3 (5 <J (3 23

Effluent 9.6 1400 <2 <3 7 <8 1 <1 <2 1400 <.5 83 <J <5 <J <J 5

16

Influent 9.1 1380 7 (J 8 <8 9 1 <2 2800 0.7 no <3 <5 <3 <3 16

Effluent 9.4 1370 8 <3 1 <8 9 7 <2 950 1.0 51 <3 <5 <:J <3 3

17
Influent 9.6 1390 9 <3 8 <8 10 8 <2 2500 1.0 130 <3 <5 <3 <3 13

Effluent 9.6 1380 '5 <3 7 <8 7 6 <2 430 1.0 30 <J <5 <3 <3 <3

Average

Influent 1400 10 1.5 4.8 4.3 10.9 11.9 2800 .3 170 I.S 2.5 1.5 I., 29

Effluent 1400 9.5 I.S 4.7 4.4 9.8 5.8 750 .5 63 1.5 2.5 1.5 1.5 12



Current Treatment Technology

Mines exhibiting alkaline drainage supply a majority of U.S. coal
production. Raw wastewaters from these mlnes are generally
characterized by very low metals levels and are pH neutral or slightly
alkaline. Alkaline surface mines can contain high sediment loading
caused by precipitation and runoff, whereas alkaline underground mines
are most often low in suspended solids. Many mines with alkaline
drainage can discharge the raw water without any treatment. However,
most mines will have a pond or pond system installed to contain or
treat runoff resulting from rainfall. Aside from precipitation and
the ensuing sediment laden runoff, the major exception to mines that
can normally discharge without treatment is for those mines located in
geological strata containing fine clays. These colloidal clays are
difficult to settle without coagulant aids. If fine clays are
prevalent, chemical flocculant addition may be required to comply with
BPT limitations. This, however, is an infrequent situation in the
industry. Figure VII-10 depicts a typical BPT treatment system for
alkaline drainage. The settling facility is identical to the sediment
pond or mechanical clarifier discussed under the previous acid mine
drainage subsection. Ponds installed to comply with rainfall
provisions are discussed later, in this section.

Candidate Treatment Technologies

Technologies applicable to alkaline mines are similar to treatment
options discussed under acid mine drainage for BPT treated
wastewaters. The reader is directed to the Acid Mine Drainage
Candidate Treatment Technology subsection for a detailed discussion of
the technologies.

PREPARATION PLANTS

Current Treatment Technologies

Wastewater from coal preparation plants, as discussed in Section V,
originates from preparation plant coal separation and cleaning
equipment, such as jigs, washers, froth flotation units, and wet
cyclones. The water is high in coal fines which are removed prior to
discharge or reuse. Economic and environmental incentives often
dictate that some portion of this effluent water be recycled for plant
use. Some plants operate under total recycle while others recycle
only a fraction or none at all. The remainder is discharged after
appropriate treatment, usually consisting of some type of
sedimentation technology. This will remove the coal fines which are
present as suspended solids. Figure VII-ll illustrates a typical
treatment scenario for preparation plant wastewaters.
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The slu~ry st~eam gene~ated by the preparation plant usually contains
fine coal refuse as a waste p~oduct from the coal cleaning process.
The refuse contained in the slu~~y is usually 0.10 in (approximately
2.50 mm) and finer in size and frequently contains less than 10
percent by weight solids. In many cases, fine coal, clay and other
mineral particles with size below 0.004 in (0.10 mm) are present. In
some cases, very fine colloidal-sized material is present. These
solids are removed to allow reuse or discharge of the clarified water.
The settling facilities most often used are sedimentation or slurry
ponds, or, where adequate land is not available, clarifiers/thickeners
are frequently employed. Where the latter option is selected,
dewatering by vacuum o~ pressure filtration is occasionally
implemented within the industry to recover additional water and permit
easier handling of the dewatered refuse. The water from this process
is recycled to the clarifier influent and the refuse is hauled to a
disposal site, a borehole, or an abandoned or active pit.

In Appalachian facilitie~, dewatering of the thickener underflow is
commonly accomplished 1n a sedimentation pond for settling of the
solids and recycle or discharge of the basin decant. Overflow from
the clarifier/thickener is either directly recycled to the preparation
plant or routed to a pond system (termed a "freshwater lake" in
Figure VII-ll) for eventual recycle or discharge. In many existing
facilities, this latter alternative of drawing makeup from a fresh

I water basin is often preferred to provide a dependable water source of
consistent quality for preparation plant use.

Many midwestern and western facilities employ sedimentation basins in
lieu of clarifiers to provide solids removal for the refuse slurry.
Basins are sometimes designed for the life of the preparation plant,
but more frequently, a number of ponds are required over the operating
life of the cleaning facility. As one slurry pond is silted out,

! slurry is diverted to a new basin. The old pond can be dredged and/or
reclaimed. These sedimentation basins will often receive drainage
from areas associated with the preparation plant, such as disturbed
areas ancillary to the site, coal storage piles, and refuse piles.
The characteristics and treatment of effluents from these three
sources are discussed in the next subsection. The pond system will
also frequently receive storm runoff drainage from undisturbed areas,
which, in some cases, can consist of vast tracts of land.

This storm runoff is also analyzed later in this section. Decant
routed from the primary slurry settling pond is commonly commingled
with this undisturbed area drainage and raw or treated effluents from
the associated areas in a fresh water lake. Lakes provide secondary
settling prior to recycle of water required by the preparation plant.
The suspended solids removal technology selected by mine operators is
very dependent on the region in which the mine is located. In
Appalachia and other regions where steep terrain is prevalent,
thickeners and clarifiers are usually installed rather than settling
basins to handle preparation plant slurries.
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Total Recycle Option

1. Water purposely brought into contact with run-of-mine coal
to clean the coal,

theenters3. Runoff resulting from precipitation which
preparation plant wastewater treatment system.

Thus, the zero discharge requirement would effectively disallow the
discharge of any pollutant-bearing water that stems from or contacts
process water from the preparation plant.

2. Water collected in the waste sump resulting from spills or
cleanup within the preparation plant boundaries, and

1. Makeup Water. Water from sources external to the preparation
plant and slurry water systems are almost always needed to meet the
feed water requirements of the plant after using the water recycled
from slurry treatment. Typical sources might be surface
impoundments, mine drainage, well water, or drainage from preparation

To assist in the analysis of this issue, Figure VII-12 depicts the
various flows into and out of the preparation plant. The types of
flow streams entering the water circuit are shown on the left side of
the block diagram and flows exiting the system are shown on the right
side. The various sources and losses of water in the system will be
discussed below in an effort to evaluate the requirements for
attainment of total recycle for the preparation plant water circuit.

Water sources include:

To properly evaluate this option for existing sources, an examination
of the definition of preparation plant wastewater is essential. For
the remainder of this report, "preparation plant wastewater" is
defined as any wastewater which results from processing a stream of
coal to remove ash forming constituents. This wastewater consists of
the following:

Those plants using a clarifier often use a coagulant aid to assist in
agglomerating fine solids, resulting in greater settling rates of
solids. Preparation plants that employ settling ponds for suspended
solids removal do not usually inject chemical aids but instead rely on
the longer retention times available to prOVide sufficent settling.

Candidate Treatment ~ Control Technologies - EXisting Sources

Control technologies are particularly applicable to preparation plant
wastewaters in the abatement of pollution from these sources. This
includes consideration of a no discharge of pollutants requirement
that would require recirculation of all water from a system treating
wastewater from a preparation plant water circuit.
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plant associated areas. This water should be neutral or basic to
minimize corrosion problems and be relatively low in suspended solids
content to avoid nozzle fouling in the plant. The volume of makeup
water from sources external to the preparation plant water circuit may
be zero if the slurry treatment system has sufficient capacity to
store large volumes of water. In general, however, implementation of
a zero discharge requirement would necessitate a makeup water source
that can be throttled to balance the system.

2. Water on the Surface Qf Feed Coal. The coal entering the
preparation plant usually has some water on the surface of the coal.
This water results from dust suppression sprays in underground mined
coal or from ground water in wet surface or underground mines. The
raw coal also receives water as a result of precipitation falling on
storage piles or on the coal as it is transported to the plant.

3. Precipitation ~ Runoff. The quantity of water entering the
system from precipitation and runoff is governed by design and
climatological factors which are both site specific. A slurry
treatment system consisting of a thickener and filtration of the
underflow receives precipitation only on the surface of the thickener.
The amount of precipitation entering a pond system is related directly
to the drainage area of the pond or ponds. The ·amount of runoff
entering from areas adjacent to the pond system can be controlled at
the design phase or as a retrofit procedure by using diversion
ditching and diking as required to control inflow.

Water losses include:

1. Moisture Qn the ~ product. This moisture leaves a preparation
plant as residual water after having undergone some form of mechanical
and/or thermal coal drying. The degree to which the coal material is
dried is usually determined by what is necessary to achieve purchaser
specifications and/or the avoidance of excessive transportation costs.
The amount of water leaving with the coal will most often be greater
than that entering with it since the cleaning process involves a size
reduction with the attendant increase in surface area. This increase
in porosity due to smaller grain sizes enhances water retention.

2. Wate~ on Coarse Refuse. The cleaning process is designed to
remove material that either does not contribute to the end use of the
coal or has some deleterious effect on the use of the coal. These
materials are removed as refuse by processes in the preparation plant.
The bulk of this refuse leaves the plant as a surface-saturated solid
after mechanical dewatering. It is dry enough to allow handling by
truck or conveyor to a disposal site. The large size of this refuse
makes use of wet disposal impractical. The volume of this coarse
refuse will be a function of the amount of non-coal components in the
plant feed and the efficiency of the separation. The total amount of
water leaving the system by this route will be dependent on the amount
of refuse as well as the relative size of the refuse.
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3. Miscellaneous Water Lost (Drying and Evaporation). In some cases,
thermal drying of the coal is required to meet product specifications.
Usually, thermal drying is primarily used for the fine coal fraction.
In this process, the surface moisture in the coal is reduced by
evaporative losses. Water is also lost by evaporation in the plant,
particularly at locations where water sprays are used in processing.
Usually the water removed from the system as a result of drying and
evaporation is not large compared to the total plant water
requirement.

4. Evaporation and Seepage from Slurry Water Treatment. The volume
and importance of these losses from the system will be a function of
the design of the system as well as site specific hydrologic
conditions. For example, if the slurry water treatment consists of a
thickener and underflow dewatering, then seepage is nonexistent.
Evaporation, although still dependent on local climatic factors, is
limited to the surface area of the thickener. On the other hand,
slurry water treatment by sedimentation in a pond system can result in
major losses by evaporation and seepage depending upon design and
maintenance of the system (e.g., surface area, lining, etc.).

5. ~ Refuse Moisture. Generally, a preparation process is
designed to mlnimlze the production of fines while achieving the
desired coal quality improvement. Therefore, the fine solids which
can be removed from the slurry by some combination of sedimentation
(usually in mechanical thickeners or settling impoundments) and
filtration usually represent a relatively small proportion of the feed
material. After the fine solids have been removed in the settling
facility from the bulk slurry, they will retain considerable water.
Fine solias can be dewatered by filtration of the thickener underflow,
and will often contain about 25 percent water by weight. The fine
solids removed by sedimentation in ponds will, of course, retain
greater amounts of water.

As indicated above, losses from water on the coal product and coarse
refuse, as well as internal evaporative losses are insignificant in
comparison to the total water flow in the plant. Closing the water
circuit will primarily involve recycling of preparation plant
effluents as makeup to the facility. However, the wastewater leaving
the preparation plant as slurry is not suited for direct reuse in the
preparation plant because of its fine solids content.

The slurry treatment process must prepare water for recycle that is
relatively free of suspended solids so that its solids carrying
capacity is restored for removal of similar material in the
preparation plant. Solids even in fine sizes and low concentrations,
can cause long term maintenance problems as a result of excessive pump
and piping wear. Nozzle plugging is an additional maintenance problem
for washing operations within the plant. The reuse for screen spray
and wash water of thickener overflow with suspended solids less than
100 ppm has been reported. Slurry treatment must also provide recycle
water which is neutral or alkaline to minimize corrosion of the
process equipment.
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Two primary issues can be delineated regarding a no discharge
requirement. First, a total recycle system must provide sufficient
water to meet process requirements while taking into account the water
losses previously discussed. Second, the feasibility of segregating
preparation plant wastewater from other wastewater must be assessed.
Both of these factors are primarily design considerations.

A survey was conducted in cooperation with the National Coal
Association in 1980 of its member companies to collect data and
information specifying the design of their preparation plant slurry
treatment systems. Eighty-eight member producer companies of the NCA
were canvassed for profile information and water management data.
These companies operate approximately 292 preparation plants. One
hundred and fifty-two of these (52 percent), representing about 24
percent of the entire preparation plant industry, responded to the
survey. Results from the responding facilities indicate that
approximately 34 percent are currently achieving zero discharge of
preparation plant wastewater. This suggests that certain facilities
have adequately addressed the two issues outlined above. Other
facilities have a system design that provides for a sufficiently large
drainage area to continually supply preparation plant makeup water
needs. Such systems resolve the first issue but are susceptible to
voluminous amounts of discharge during rainfall. Plants that obtain
water from this type of system would have to provide adequate
freeboard in their slurry basins to accomodate the storm flows. A
second way to comply would be to install a clarifier/thickener with
underflow dewatering, thus obviating the need for the pond system. A
third alternative is to install diking and diversion ditching around
the pond system and drawing makeup water from a new source. This
third alternative may also require installation of new facilities to
treat the diverted runoff, particularly if acidic refuse and coal pile
drainage is involved.

These alternatives are shown schematically in Figures VIII-18 and
VIII-19 in Section VIII. If a facility already has a clarifier
installed, changes would be confined to recycling all decant to the
preparation plant and dewatering the underflow solids. This option is
depicted schematically in Figure VIII-20 of Section VIII. Redesign of
the clarifier or additon of equipment for chemically aided solids
settling may be required to provide water of suitable quality as
makeup water. Many facilities already have this flocculant addition
equipment in place with their clarifiers.

However, there are certain interferences involved with coal
preparation processes that may occur as a result of a total recycle
system that could make an occasional discharge or purge necessary.
Such interferences are:

1 . Build-up of froth flotation chemical reagents, used in the
froth flotation process, making the process less effective,
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2. Build-up of gypsum used in pretreating the recycled water
for pH adjustment interfering with both the froth flotation and
gravity separation processes,

3. Build-up of slimes that interfere with gravity separation
processes particularly when using heavy media vessels,

4. Build-up of TSS and tds causing scaling of pipes and
plugging of nozzles,

5. Build-up of TSS and TDS that impair the use of filters used
to dewater sludge from the water recycle treatment system causing a
higher filter cake moisture content.

This leads to problems in refuse disposal.

Thus while total recycle with no discharge is a technically achievable
control technology for some facilities, certain processes may require
occasional purges from the water recycle circuit. This occassional
purge allowance has been incorporated into the zero discharge option.
Facilities using this purge allowance will be subject to alternate
limitations (equal to BPT) while purging. The costs associated with
the implementation of this alternative are presented and discussed in
Section VIII.

Flocculant Addition

Flocculant addition is also a candidate BAT option for preparation
plant wastewaters. Important factors characterizing lhis technology
were previously discussed for mine drainage and will not be repeated
here.

Filtration

Preparation plant wastewaters are readily amenable to this type of
treatment. Gypsum is rarely evident in the normally alkaline
effluents. Further, metals, if present, are in the suspended state
and are thus removed by filtration. Application of this technology is
feasible for both clarifier and sediment basin effluents. Achievable
levels are documented in the mine drainage section.

Other Technologies

Reverse osmosis, ion exchange, electrodialysis, and sulfide
precipitation are technologies applicable for dissolved solids
removals. Alkaline effluents are characteristically low in unde
sirable and toxic dissolved metals, and thus these technologies are
not considered for preparation plant wastewaters. Activated carbon
and ozonation are fouled by high suspended solids, rendering them
ineffective for these types of effluents. Moreover, their principal
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application is for a dissolved compound at a low pH value, none of
which are expected in preparation plant discharges.

Candidate Treatment Technologies - New Sources'

Two major options are considered for new source preparation plant
discharges--a no discharge of pollutants requirement (with an
occasional purge allowance) and a discharge with effluent standards
achievable through application of the best available demonstrated
treatment technology. These approaches are identical to that
discussed for existing sources however, additional considerations are
relevant for the no discharge requirement. Total recycle, even
without a purge, for new sources is more easily achievable than for
existing sources because water handling strategies to achieve zero
discharge can be incorporated into the initial design phases such that
occasional purges, if necessary, are kept to a minimum. For example
segregation of other drainage from the preparation plant wastewater
can be a design parameter of the system. Ponds can be located in
topographical areas that do not receive large amounts of natural
drainage. This will lessen the volume of storm runoff requiring
diversion around the slurry treatment system. Also, if
clarifier/thickeners are selected for settling, small emergency ponds
can be provided to contain temporary imbalances in the water circuit
arising from operational problems or exceedingly heavy precipitation
on the clarifier surface. Certain flocculants to remove slime can be
added, use of other pH adjustment metal remover chemicals besides lime
can be used and improved sludge handling techniques can be employed.
Costs for implementation of this option and of discharges employing
filtration technology to polish the final effluent are presented in
the next section.

PREPARATION PLANT ASSOCIATED AREAS

Current Treatment Technology

Drainage from these areas is a result of runoff from coal storage and
refuse piles and other disturbed areas. This runoff has similar
characteristics to untreated drainage from adjacent mines. The
rulemaking published on 26 April 1977 (42 FR 21380) established
limitations similar to those for active mine drainage; i.e., standards
for pH, T55, and iron (and manganese for drainage that is normally
acidic prior to treatment). As a result, current treatment technology
for this subcategory typically includes neutralization, aeration, and
settling for acidic runoff and settling for alkaline runoff. In cases
where site logistics permit, runoff is often commingled with mine
drainage due to the cost advantages in joint treatment. Each of the
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technologies was discussed in detail in the mine drainage subsection
and is not reiterated here.

Candidate Treatment Technologies

Drainage from preparation plant associated areas is often commingled
for treatment with the preparation plant wastewaters. Establishment
of a no discharge regulation for associated area runoff is infeasible
due to the extremely wide variations in storm runoff. If such a
requirement is proposed for preparation plant wastewaters in existing
sources, associated area drainage would in most cases have to be
segregated and treated separately. Because this wastewater is similar
to mine drainage, the reader is referred to the discussion found in
the Candidate Treatment Technologies portion of that subsection.

POST MINING DISCHARGES

Reclamation Areas

Current Treatment Technology

Areas under reclamation are defined as areas of land resulting from
the surface mining of coal which has been returned to final contour
and revegetation begun. Drainage from land that has been regraded
after active mining is not currently subject to EPA regulations unless
commingled with wastewater from the active mining area. OSM, under
authority of SMCRA, has required that drainage from reclamation areas
must be routed through a sedimentation pond. aSM has, however,
proposed to delete this requirement. 46 FR 34784 (July 2, 1981).
Operators have installed sedimentation ponds to treat this drainage
until revegetation requirements are met and untreated drainage
(influent to the ponds) meets the applicable state and federal water
quality standards for the receiving stream (see 44 FR, 3 March 1979).

Candidate Treatment Technology

The Agency has conducted a sampling and analysis program under
authority of Section 308 of the Clean Water Act to have 12 companies
monitor influents and effluents at 24 ponds for one year. (See
Appendix A). This study is summarized in more detail in the following
section under "Precipitation Events." These ponds primarily receive
drainage resulting from precipitation from areas undergoing
revegetation, although some ponds also receive active mine drainage.
Data from the program are presented in Appendix A. Total suspended
solids were found at widely varying levels, due partly to differences
in particle size distribution delivered to the pond from the
reclamation area. These differences were large enough such that
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nationally applicable TSS regulations could not be developed.
Settleable solids .(i.e., suspended particles that will settle within
one hour) and pH, however, are effectively controlled by these
sediment ponds. The data also demonstrate that concentrations of the
toxic metals and iron and manganese in drainage from these areas are
at or very near limits of analytical detection.

The Office of Surface Mining initiated a regulatory program under the
Surface Mining Control and Reclamation Act (SMRCA) to control both
surface coal mining and the surface effects of underground coal mining
(30 CFR Parts 700 et seq.). Section 509 of SMCRA requires coal mines
to post bond securing their performance with the requirements of the
Act. Liability under the bond remains for at least five years after
the last year of augmented seeding, fertilizing, irrigation and other
reclamation work (for at least 10 years after that time in those
regions of the country where the average annual precipitation is 26
inches or less)

Liability under performance can continue for as long as necessary to
achieve compliance with all requirements of SMCRA. Runoff from the
disturbed areas of a surface mine must be passed through a
sedimentation pond or treatment facility until the disturbed area has
been restored, revegetation requirements have been met, and the
quality of the drainage without treatment "meets the applicable State
and Federal water quality standard requirements for the receiving
stream."

EPA's regulations for post-mining discharges· are consistent with the
requirements of SMCRA in that effluent limitations guidelines apply
only until full release of the SMCRA performance bond. The release of
the bond by the appropriate SMCRA authority signifies the OSM's
determination that the coal mine operator has carried out his
responsibilities under SMCRA, and that post~mining pollution problems
are accounted for and can be reasonably expected not to occur.

However, EPA investigated the potential need for effluent limitations
guidelines after the SMCRA bond release (see Appendix C). This
investigation, completed in August 1982, consisted of a telephone
survey, and a literature search of information regarding effluent
discharges at "post-bond" release mines. Federal, State, and public
information sources were examined. As a result of this investigation,
the Agency was able to develop estimates of the number of active,
closed, and abandoned coal mines, but was not able to determine the
number of coal mines sealed or reclaimed under SMRCA. Based on the
results of this data collection effort, there is insufficient data
available to support the development of regulations for post-bond
release reclamation areas.

Underground Mine Discharges

Current Treatment Technology
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ALTERNATE LIMITATIONS DURING PRECIPITATION EVENTS
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identical to that
acid discharges, this
Alkaline discharges

extensively discussed

these discharges is
mine drainage. For

aeration, and settling.
Each of these has been

here.

Precipitation events can make it infeasible to meet effluent
limitations on TSS, iron and manganese (see "Evaluation of Performance
Capability of Surface Mine Sediment Basins" by Skelly and Loy,
Engineers-Consultants, Harrisburg, Pennsylvania, July 1979).
Precipitation events are beyond the control of the coal operator;
thus, some mechanism should exist to temporarily exempt the facility
from compliance during wet weather conditions until "dry weather"
conditions return. For the coal mining industry, precipitation is the
prime cause of an excursion beyond the effluent standards,
particularly for total suspended solids. This is because the vast
tracts of land occupied by many surface coal mines receive substantial
rainfall, particularly in the Appalachian coal region.

The original exemption for storm (or snowmelt) was published in the
BPT regulatory promulgation of 26 April 1977 (42 FR 21380). The
exemption was provided for overflows from sedimentation ponds that
were "designed, constructed, and maintained to contain or treat the
discharges which would result from a lO-year, 24-hour
precipitation event II ThUS, the exemption was available
regardless of the size of the hydrologic event.

Technology to control
implemented for 'active
includes neutralization,
require only settling.
and will not be repeated

Candidate Treatment Technology

Each treatment technology presented in the active mine drainage
sections is also considered for this subcategory.

Underground mines will often continue to discharge after cessation of
coal removal from the mine. This drainage is similar in composition
to the drainage that occurred during the active life of the mine,
since the mechanism for generation is identical (see "Inventory of
Anthracite Coal Mining Operations, Wastewater Treatment and Discharge
Practices," by Frontier Technical Associates, Buffalo, N.Y., June
1980). No EPA limitations are currently established for these
discharges. However, aSH standards require that this drainage be
treated until either the discharge continuously meets the applicable
Federal and State requirements or the discharge has permanently
ceased.



On 12 January 1979, the Agency promulgated new source performance
standards for the coal mining category that contained a modified storm
exemption. The modification included that: (1) the burden of proof
was placed on the operator to demonstrate that the appropriate
prerequisites to obtaining the exemption had been met, and (2) an
exemption could only be granted if a 10-year, 24-hour or larger event
(or snowmelt of equivalent volume) had actually occurred. On 2 April
1979, the exemption provided for existing sources was amended to be
identical to the NSPS exemption.

These actions met with substantial criticism and legal opposition by
various industry trade groups, such that EPA withdrew its modified
exemption provision and instituted the Skelly and Loy Study cited
above to more clearly define sedimentation pond performance,
particularly for those storms less than the lO-year, 24-hour event.
This study concluded that sediment.pond efficiency during storm events
is, to a large extent, dependent on site-specific factors. The inflow
hydrograph (i.e., the volume of water delivered to a pond at any given
moment during or immediately after a storm) of a given storm event,
and the volume and concentration of sediment delivered, will depend in
each case on, among other things, the soil erodibility, length and
steepness of the terrain, and cover and management practices employed
at a given watershed. Moreover, the specific total suspended solids
concentration in the effluent of a given sediment pond will depend on
the particle size distribution of the solids delivered to the pond.

As the Skelly and Loy study demonstrates, theoretical detention times
on the order of 24 hours may not be sufficient to permit settling of
fine, colloidal solids. Thus, even if all of the larger solids
settle, TSS effluent concentrations can vary widely depending upon the
amounts of fine material present in the influent. The particle size
distribution of the sediment delivered at a particular site is thus a
critical factor affecting effluent quality, and is largely beyond the
control of the operator. This distribution will vary not only from
site to site for a given storm event, but at the same site during the
course of the storm (7).

These conclusions were verified by other available literature,
including an EPA study entitled, "Effectiveness of Surface Mine
Sedimentation Ponds" published in 1976. This study's central
conclusion was that the sediment ponds which were properly designed
and maintained were measured to have high efficiencies of removal of
suspenued solids during the baseline sampling period. However, the
efficiency of removal of suspended solids was measured to be much
lower during the storm event (12).

As a result of these investigations, on 28 December 1979 (44 FR
76788), the Agency rescinded its BPT and NSPS storm exemptions and
promulgated what was ,essentially the original BPT exemption, with the
burden of proof placed upon an operator and a requirement that the
overflow had been caused by an actual hydrological event.
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During the course of this rulemaking, the Agency instituted two
studies to investigate the appropriateness of alternate limitations
during the storm exemption period. One study established the data
base supporting the pH and settleable solids limitations, of 6-9 and
0.5 ml/l respectively, for reclamation areas and active mining areas
during precipitation events (see Appendix A of this document). The
other study determined that settleable solids can be measured below
1.0 mIll with a reasonable degree of precision and accuracy, and that,
for the coal mining industry, 0.4 ml/l is the method detection limit
for this parameter (see AppendiX B of this document). (This study was
performed because, since proposal of this regulation, considerable
public comment was submitted to EPA stating the discrepancy between
the proposed 0.5 mIll standard and the Standard Methods statement that
"the practical lower limit is about 1 mIll/hr.) These two studies are
briefly discussed below in order to present the rationale behind the
selection of settleable solids for regulation.

Settleable Solids

The 308 self-monitoring survey, as discussed in Appendix A, requested
industry submit weekly data on their sedimentation pond performance
for a one year period. Data was submitted on TSS, suspended solids,
total and dissolved iron, and pH by EPA approved analytical methods.
These data, with pertinent rainfall information, were to be submitted
to EPA on a monthly basis.

Twenty-four ponds submitted data. Seventeen of the 24 ponds satisfy
the necessary design criteria as specified in the May 26, 1982
proposal to the coal mining regulations. This specification required
that in order for a facility to become eligible for a "storm
exemption" the treatment facility must be able to contain the runoff
resulting from a lO-year, 24-hour storm. The volume of runoff had to
include the drainage from inactive (reclaimed) areas in addition to
the active mining areas (undisturbed, or virgin areas were exclUded
from consideration). Four of the 17 ponds had no discharge. Two
additional ponds were excluded from analysis because of design and
operational defects. 2 Thus a total of 11 of the lO-year, 24-hour ponds
submitted discharge data and satisfied the design criteria.

The facilities submitted data during both 'wet and dry conditions.
However, analysis were only performed on the wet weather data because
1) the settleable solids limitation for active mines will only apply
during precipitation events, and 2) although the settleable solids
limitation will apply during all weather conditions for reclamation

2The two ponds excluded from analysis either had effluent points
located very near the influent point, resulting in poor settling
performance or had drainage from surrounding spoil areas at
unspecified influent points to the pond. This was not the case for
the other ponds.
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areas, effluent discharges at these areas are primarily a result of
runoff during precipitation.

These eleven ponds submitted a total of 262 measurements taken during
wet weather conditions of which 4 exceeded settleable solids value of
0.5 mIll. Thus, 98.47% of the measurements were less than or equal to
this value.

A stastical analyses was performed on these results and is presented
in Appendix A. On the basis of this analysis, the Agency concluded
that the 0.5 mIll value is consistent with the 99% compliance
criterion used for establishing effluent limitations.

Furthermore, similar analyses were performed on data from 18 ponds
regardless of size, (excluding from the original 24, the 4 ponds
without discharge, and the two that were improperly designed). There
were a total of 414 observations from these ponds of which 7 exceeded
the effluent limit of 0.5 mIll for settleable solids. Thus, 98.31% of
the measurements were less than or equal to this value. Again,
analyses of these data showed the 0.5 mIll limitation to be
consistent with the 99% compliance criterion.

Thus, analysis of the available settleable solids data from coal
mining sedimentation ponds demonstrates that the proposed limit of 0.5
mIll is consistent with Agency policy for effluent guidelines of 99%
compliance. Statistical analysis shows that the observed exceedance
rate is not significantly different from 1%. This conslusion holds
regardless of whether or not the size criterion for ponds specified in
the proposed regulation is considered.

Even though the technology basis behind the 0.5 mIll limitation is a
10-year, 24-hour pond, the analysis shows that even smaller ponds can
achieve this limitation. Therefore, any type of treatment facility
such as smaller ponds, diversion ditching, or diking can qualify for
alternate limitations during precipitation events as long as the
limitations are met.

The deletion of the pond design criteria is also consistent with the
OSM proposed regulations which have deleted this requirement as well.

Comments were submitted regarding their concern over a 0.5 mIll
settleable solids limitation because Standard Methods suggest that the
"practical lower limit is about 1.0 mIll." Therefore, EPA conducted a
study to determine the precision and accuracy of measuring settleable
solids below 1.0 mIll (see Appendix B). This study concluded that not
only can settleable solids be measured below 1.0 mIll but that the
maximum method detection limit for this parameter is 0.4 mIll. The
method detection limit is defined as the minimum concentration of a
substance that can be measured and reported with 99 percent confidence
that the analyte concentration is greater than zero and determined
from analyses of a sample in a given matrix containing sample. A
description of the procedure to calculate the method detection limit
is presented in Appendix B or can be found in Environmental Science
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and Technology, "Trace Analyses for Wastewaters," Vol. 15, No. 12,
December 1981, Page 1426.

This study involved field and laboratory determinations of the method
detection limit using samples collected at 8 different sedimentation
ponds. Samples were analyzed using the Imhoff cone method as
specified in Standard Methods for the Examination of Water and
Wastewater and 304(h) of the tlEPA's methods for Analysis of Water and
Wastewater".

Settleable solids analyses were first conducted in the field. Seven
aliquots were prepared for each sample and placed in Imhoff cones.
Each aliquot was read by three independent observers. The seven
aliquots were then recombined into one sample and shipped to EPAls
laboratories whereby the same procedure was repeated only under more
controlled conditions. A method detection limit was then determined
from the results of these samples.

There were a total of eight samples (one from each pond) measured on
site. The method detection limits determined from these samples
ranged from 0.04 mIll to 0.40 mIll with an arithmetic average of 0.22
mIll. Out of the 10 samples sent to and measured in the laboratory (2
were duplicates), the method detection limit ranged from 0.05 mIll to
0.20 mIll with an arthmetic average of 0.12 mIll. (Laboratory results
are typically lower because of the more controlled conditions under
which samples are analyzed). In an effort to derive a practical
method detection limit representative of industrial conditions, a
method detection limit based on the field determinations is deemed
most appropriate. In addition, rather than establish the method
detection limit based on the average value a more conservative
approach is to base the method detection limit on the maximum value.

Thus, this study concluded that 1) settleable solids can be read below
1.0 mIll and 2) a method detection limit of 0.4 mIll should be
established for the coal mining industry.

The results from both studies concluded that the 0.5 mIll settleable
solids limitation is achievable and measurable and therefore is an
appropriate and effective means of sediment control both for active
mines during precipitation events and for reclamation areas.
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SECTION VIII

COST, ENERGY AND NON-WATER QUALITY ISSUES

INTRODUCTION

The principal purpose of this chapter is to present results of a cost
analysis for treatment technologies within each subcategory. Energy
requirements and nonwater quality' impacts such as solid waste
generation and air pollution are also discussed for each treatment
system. To conduct this analysis, a model plant approach was
utilized. The first step in this procedure is to estimate average and

,maximum flow volumes and other design parameters. This was
accomplished by review of pertinent literature and site visits to
operating coal mines. From this information, capital and operating
cost curves are prepared to reflect each component of the treatment
system. These component costs are then assembled into overall costs
for an entire treatment system or level. Energy usage for each
technology is also computed.

A detailed breakdown of this sectionts summariz~d costs is presented
in a cost manual developed as a part of this project (1),' which is
included as a supplement to this document. Additional assumptions and
backup cost data are found in Appendix A of the Proposed Coal Mining
Development Document (EPA 440/1-81/057-b), and in reference (2).

The final step in the cost analysis was to verify the accuracy of
model plant costs with actual costs at an active coal mine. This was
achieved by first visiting various mines and collecting design and
cost information and then computing system costs for that mine. The
results, which are presented in Appendix A in the Proposed Coal Mining
Development Document, were then compared with the model plant costs,
using the actual flow at that mine. Treatment methods such as reverse
osmosis, electrodialysis, carbon adsorption, ion exchange, sulfide
precipitation, and ozonation were initially considered as possible
treatment processes for attaining BAT or NSPS compliance. These
treatment systems are not included in this section because these
systems are not feasible for reasons previously discussed. Table
VIII-l summarizes capital ~nd operating costs for these systems based
on a flow of 1.0 mgd.

Note: Costs presented are based on estimates prepared in 1~7B and
1979. These costs can be converted to 1982 dollars (or appropriate
year) by using the Engineering News Record (ENR) Construction Cost
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Table VIII-l

CAPITAL AND OPERATING COSTS OF ALTERNATE
TREATMENT TECHNOLOGIES
NOT RECOMMENDED FOR BAT

ca~ital Cost o~erating Cost
Pollutants Treated ( 1 LODO' s) ( /1,000 gal) Source

Carbon Organics and heavy 2,000 1.37 - 1.64 (1)

Adsorption metals

Ion Exchange Dissolved Bolids 500 to 1,000 1.00 - 1.90 (6)

and heavy metals

Reverse Osmosis Dissolved solids 500 to 1,000 0.95 - 1.90 (6)

I\)
and heavy metals

\D
0 Electrodialysis Dissolved solids 500 0.80 - 1.00 (6)

and heavy metals

Ozonatioo Cyanide Reduction 240 0.20 - 0.25 (1) , (7)

Sulfide Precipi- Heavy metals No applicable No applicable

tatioo data available data available

Basis: 1.0 mgd facility; 1979 dollars.
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Capital Costs

levels 1, 2, 3, and 4) were
cost analysis. These systems

technologies discussed in Section

Existing Sources

Treatment Levels

Capital cost estimates were prepared for each level of treatment, in
most cases for ranges between 0.02 and 9 million gallons per day

Four treatment systems (designated
identified as the basis for the
incorporate the technically feasible
VII, as outlined below.

Level One. This system is typical of a BPT treatment configuration.
As shown schematically in Figure VlII-1, this scheme consists of
optional raw water holding for equalization, neutralization if
required for acid drainage, optional aeration, settling, and optional
sludge dewatering. Some type of pH monitoring and control is
required.

Level Two. This level consists of installing Itadd-on lt equipment to
the present BPT facilities to permit the addition of a flocculant aid.
The flocculant aid is normally an organic polyelectrolyte added to
promote agglomeration and subsequent settling of finer suspended
solids. This level is depicted schematically in Figure VIII-2.

Level Three. This level, shown schematically in Figure VIII-3,
consists of mixers and flocculator-clarifiers in lieu of sedimentation
basins, and also additional chemical feed, mixing and aeration
facilities. More sophisticated chemical and pH monitoring and control
facilities are also included. This level of treatment would be
applicable to a major upgrade of existing BPT facilities or where a
mine was meeting BPT requirements without treatment facilities and
would chose this treatment system to comply with BAT limitations.

Level Four. This level consists of the addition of granular media
filtration to one or more of the first three levels of treatment.
This technology is depicted in Figure VIII-4.

Index. Fo~ example the index for 1978 is 2,776 and 1982 is 3,730.
(See ItEngineering News Report," March 18, 1982, for index listings).
Dividing the 1982 index by the 1978 index yields a factor of 1.34.
Compliance costs in 1978 dollars can be multiplied by this factor to
derive costs in 1982 dolla~s.
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(mgd). These flows cover the range of more than 99 percent of active
discharging mines. The capital costs for each level of treatment
include the purchase and installation of all necessary equipment but,
in most cases, do not include land, power lines, access roads or
sludge disposal costs. These costs are presented separately. Level 1
has not been casted since it is assumed to be installed to meet the
aPT requirements. A 25 percent factor is included in the capital cost
curves to account for engineering, administration, and contingencies.

System Capital Cost for Level ~ Treatment. The level 2 treatment
system provides for polymer addition as an aid in the removal of
suspended solids in mine drainage (acid or alkaline). Equipment for
the mixing, storage and feeding of polymer can be operated over a wide
range of flow rates. Only two different polymer systems are required
to cover the entire flow range of 0.02 to 4.5 mgd level (1). The
capital costs for the treatment level 2 systems are $30,000 for flow
rates up to 0.75 mgd and $40,000 for flow rates greater than 0.75 mgd
including an enclosure.

System Capital Costs for Level 3 Treatment. Figure VIII-3 presented a
schematic of the equipment included in the level 3 treatment system.
This system includes a pump station, mixing tanks, clarifiers, and a
control building. The capital costs are presented as a function of
flow rate in Fig~re VIII-5.

System Capital Costs for Level 4 Treatment. The equipment and
facilities comprising this treatment system are pump station, gravity
filters, backwash water storage tank, and control bUilding. A
schematic diagram of this system was presented in Figure VIII-4. The
capital cost curve is shown in Figure VIII-6.

Land Requirements

The land requirements computed for treatment levels 3 and 4 are
presented in Figure VIII-7. The land required for level 2 should be
minimal and is included with the capital cost. Once the land area
that is needed from a particular treatment level is known, then this
value can be multiplied by the cost per acre at the site in question.
For the purposes of this report the cost per acre is assumed to be
$4,000.

Annual Costs

Level~. Table VIII-2 provides a breakdown of annual costs associated
with level 2 treatment system. By incorporating the appropriate
amortized capital cost and polymer cost, Figure VIII-8 was generated.

Level 3. The annualized costs and energy requirements for level 3
treatment are computed in the same manner as those for level 2.
Polymer addition is also included in this treatment level and the
annualized cost and energy curves are presented in Figure VIII-9 with
a two mg/l polymer dosage. In this treatment system, two operators
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Table VIII-2

BREAKDOWN OF ANNUALIZED COST FOR LEVEL 2 TREATMENT SYSTEM

1. Capital Recovery

Construction:
0.10608 x Cc

Mechanical:
0.16725 x Cc

TOTAL

2. Operating Personnel

3. Maintenance

(Materials &Supplies)
(@ 31 of Capital Cost)

4. Chemicals

(@ $2/1b & 365 days/year)
(function of flow rate
and dosage)

5. EnerSl

(@ $0.03/kW-hr, 24 hr/d,
365 d/yr)
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0.015-1.0 mgd

$ 500

3,200

$3,700

$9,000

$ 900

$91-46,000

$ 400

1.0-4.5 mgd

$ 900

5,100

$6,000

$9,000

$1,200

$6,000-274,000

$ 700
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per shift are assumed for flow rates up to 0.75 mgd; above 0.75 mgd,
three shift operators are required.

Level 4. Annualized costs and energy requirements for level 4
treatment were estimated by the same process used .for level 2 and are
presented in Figure VIII-10. Only one operator per shift is required
for this system.

~ Sources

Four treatment levels were also established for new sources in the
mine drainage subcategory. These levels correspond closely to the
treatment levels under existing sources, with only minor modifications
in levels 3 and 4. As shown in Figure VIII-ll, level 3 for new
sources would include recycle of filtrate from sludge dewatering
equipment to the head of the treatment plant. Level 4 for new sources
is modified to include levels 1, 2, or 3, as shown in Figure VIII-12.

Capital Costs

The capital cost assumptions for new sources are identical to those
made for existing sources, with one major exception. New sources by
definition do not have any existing treatment installed, while
existing sources were assumed to have BPT or equivalent in place.
Therefore, new source capital (and annual) cost estimates must include
the cost of BPT facilities as well.

System Capital Costs for Levell Treatment. The level 1 treatment
system provides for the construction of a sedimentation basin or
clarifier to remove suspended matter from mine drainage (acid and
alkaline). The capital costs for sedimentation ponds are presented in
Figure VIII-13. If lime feed equipment is required and the dosage
known, Figure VIII-14 can be used to determine the cost of installed
equipment.

System Capital Costs for Level 2 Treatment. The level 2 treatment
system provides for the construction of a sedimentation basin for
polymer addition as an aid in the removal of suspended matter in mine
drainage (acid or alkaline). The capital costs for sedimentation
ponds are presented in Figure VIII-13. Since the sedimentation pond
sizing is based on the area storm runoff while the polymer addition
equipment is based on the dry weather flow, it is infeasible to
prepare cost curves of combined sedimentation basins and polymer
addition equipment costs. Therefore separate curves are presented.
The capital costs for the polymer addition systems are $30,000 for
flow rates up to 0.75 mgd and $40,000 for flow rates greater than 0.75
mgd including an enclosure.

System Capital Costs for Level 3 Treatment. This system includes a
pump station, mixing tanks, clarifiers, and a control building. The
capital costs were presented as a function of flow rate in Figure
VIII-5.
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System Capital Costs for Level 4 Treatment. The equipment and
facilities comprising this treatment system are pump station, gravity
filters, backwash water storage tank, and control building. A
schematic diagram of this system was presented in Figure VIII-4. The
capital cost curve was shown in Figure VIII-6. This level of
treatment must be applied after either a sedimentation basin alone, or
after level 3 treatment. If the total cost for this system is
required the costs from Figure VIII-6 should be combined with costs
for the appropria~e sedimentation basin or the level 3 costs.

Land Requirements

The land requirements for levels 3 and 4 were presented in Figure
VIII-7. An insignificant amount of land is required for level 2.

Annual Costs

Levell. The annual costs for level 1 are composed of sedimentation
basin annual costs from Figure VIII-1S, lime feeding for pH adjustment
from Figure VIII-16 if required and sludge dewatering from Figure
VIII-17 if this is installed.

Level 2. The annual costs for level 2, polymer addition, were
presented in Figure VIII-B.

Levell. The annual costs for level 3 were presented in Figure VIII
9.

Level 4. The annual costs for level 4 were presented in Figure Vlll
10.

'.'

PREPARATION PLANTS AND ASSOCIATED AREAS

Existing Sources

Wat~r discharged from coal preparation plants and their immediate
areas originates from two sources: (1) preparation plant process
wastewater (pP) and (2) wastewater generated in the vicinity of the
plant facilities, from coal storage areas, and from refuse disposal
areas (Associated Area Runoff (AA).

These discharges are disp~sed of in various methods depending on the
specific site under consideration. For instance, the flows could be
segregated or commingled. The preparation plant water circuit could
be once-through or with partial or total recycle of process
wastewaters. Various systems have been casted in an attempt to cover
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each of the water handling options (3). These options and systems are
discussed below.

total
"zero

Zero Discharge of Preparation Plant Water Circuit

Three systems were identified for existing sources to achieve
recycle of preparation plant process wastewater (also termed
discharge").

System 1. This system, shown in Figure VIII-1S, assumes that a pond
system is installed, the preparation plant presently has from a to 100
percent recycle, and the associated area storm runoff enters the
preparation plant water circuit.· In this case, the existing
sedimentation basin would require dikes to divert the associated area
runoff to a new sedimentation pond designed to contain the volume of
runoff from a lO-year, 24-hour storm and also diversion of the
undisturbed area runoff around the associated area.

System~. This system assumes that preparation plant wastewater and
associated area runoff are segregated for treatment. A clarifier is
installed to treat the preparation plant wastewater. Recycle fro~ the
clarifier overflow to the preparation plant can vary from a to 100
percent. A sedimentation pond is assumed to be in place which
receives only associated area runoff and possibly some undistu~bed

area runoff. Figure VIII-19 is a schematic of this system.

System}. This system, shown in Figure VIII-20, assumes a clarifier
is installed to treat preparation plant wastewater. The clarifier
discharge and associated area runoff presently are combined and routed
to an existing pond for treatment. Recycle from the pond can vary
from 0 to 100 percent. Modifications would include the elimination of
the pond from the preparation plant water circuit by installing a new
pump station to route 100 percent of the clarifier overflow to the
preparation plant. The pond would, however, continue to provide
treatment for the associated area runoff.

Capital Costs

Cost estimates were prepared for the components for each of the
preparation plant flow configurations. These costs were then plotted

Allowable Discharge from the Preparation Plant Water Circuit

Since this configuration is currently the option selected by most
plants, only one system was identified for costing purposes.

System 4. This scenario assumes an allowable discharge from the
preparation plant water circuit. Preparation plant waters mayor may
not be recycled. Figure VIII-21 is a schematic of this system showing
the preparation plant discharge treated first in either a
sedimentation basin or a clarifier and then by filtration. Associated
area runoff is shown as being treated separately, however, it may be
commingled.
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with flow rate or, in the case of storm runoff, with runoff volume.
The expected cost for each component includes the purchase and
installation of all necessary equipment but dces not include
installation of power lines or access roads assumed to be in place at
existing preparation plants, but needed for new sources. Since the
total capital cost is very site-specific, the component costs are
presented so that if the parameters of a specific site are known the
total system can be costed using the appropriate component costs.

System 1. The items that may require costing for this system,
depending on the particular site in question, include:

Sedimentation basin-diking,
Associated area drainage ditch construction,
Recycle pump station,
Polymer feed system,
Sedimentation basins.

Knowing the size and configuration of the sedimentation basin will
allow the determination of the length of diking required. with this
known, Figure VIII-22 can be used to determine the cost. The
associated area dimensions would then be used to determine the length
of drainage ditches required to segregate the undisturbed area runoff
from the associated area. Figure VIII-23 is used to determine the

. cost of the ditches required. Figure VIII-13 is used to determine the
cost of the sedimentation basin required to serve the associated area
and Figure VIII-24 is used to determine the cost of a new recycle pump
station. If there is a flow from the associated area during dry
weather, a polymer addition system may be required so that the
effluent will meet guidelines. A cost of $30,000 is estimated for
flows less than 150,000 gpd and $40,000 for flow rates greater than
750,000 gpd, including an enclosure.

System 2. The items that may require costing for this system,
depending on the particular site in question., include:

Clarifier underflow dewatering
Recycle pump station

It is assumed that the existing associated area sedimentation basin
will not require augmentation. Figure VIII-24 is again used to
determine the cost of pumping facilities. The sludge dewatering
capital cost can be determined from Figure VIII-17. The vacuum filter
loading rate (based on vendor design criteria) is 50 pounds/hr/ft 2 •

Assuming the flow rate and slurry concentration at a particular
preparation plant is known, the proper size filter can then be
determined. As an example, for a vacuum filter influent suspended
solids concentration of 100,000 mg/l (10 percent), and a flow of 250
gpm, the solids level in pounds per hour would be calculated using the
following formula:

S = C x F X D X T
106
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Figure VIII-23
COAL MINE PREPARATION PLANT WASTEWATER TREATMENT

DRAINAGE DITCH FOR RUNOFF CONTROL CAPITAL COST CURVE
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Figure VIII-24
COAL MINE PREPARATION PLANT WASTEWATER TREATMENT
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where C = concentration of suspended solids in mg/l

F = flow in gpm

D = 8.34 lbs/gallon

T = time = 60 minutes.

For the example stated:

S = 12,510 lbs per hour.

Using Figure VIII-17, the cost would be approximately $250,000.

System 1. The items that may be required for this system, depending
on the particular site in question, include:

Sludge dewatering
Recycle pump station

It is assumed that the associated area sedimentation basin design will
not require augmentation. Figure VIII-17 can be used to determine the
cost of dewatering clarifier sludge. Figure VIII-24 can be used to
determine the cost of a recycle pump station.

System 4. The items that may be required for the system, depending on
the particular site in question, include:

Sedimentation basin-diking
Sludge dewatering
Polymer feed and granular media filtration.

This system assumes an allowable discharge from the preparation plant
without recycle using either existing sedimentation basins or
clarifiers. The sludge dewatering cost, if required, can be obtained
from Figure VIII-17. In order to meet effluent limitations, a polymer
feed may be required before the preparation plant slurry pond or the
clarifier. The capital cost for polymer feed equipment is $30,000 for
flows up to 750,000 gpd and $40,000 for flows over 750,000 gpd. If
filtration is required to meet effluent limitations its cost can be
found in Figure VIII-6.

Annual Costs

Since the components for the various systems described above and the
annual costs to operate and amortize these components are the same,
the annual costs are presented only once. Once the need for a
component in a particular system is,deterrnined, the annual cost is
derived from the following Figures: VIII-25j Annual Costs of Dikes and
Ditches, VIII-26j Annual Costs of Recycle Pump Station, VIII-27 Annual
Costs of Sludge Dewatering Facilities, VIII-15; Annual Costs of
Sedimentation Ponds, VIII-28j Annual Costs of Clarifier and Pump
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Figure VIII-25
WASTEWATER TREATMENT EARTH OIKE/DRAINAGE DITCH

FOR RUNO~F CONTROL ANNUAL COST CURVE
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New Sources

Annual Costs

327

All the component annual costs are additive for a givenStation.
system.

Zero Discharge from Preparation Plant Water Circuit

For both new source systems, the annual costs can be derived from the
same annual cost curves presented for existing sources.

System 1. This system assumes a new source using a pond to treat the
preparation plant discharge prior to 100 percent recycle. A separate
pond designed to contain the runoff from a la-year, 24-hour storm
would be used for associated area runoff. The associated area and
pond would be ditched to divert an undisturbed area runoff from
associated area runoff. Figure VIII-29 is a schematic of this system.

System 1. This system assumes a new source using a clarifier to treat
the preparation plant· discharge prior to 100 percent recycle. A
separate pond designed to contain the runoff from a la-year, 24-hour
storm would be used for associated area runoff. The associated area
and pond would be ditched to divert undisturbed area runoff from
associated area runoff. Figure VIII-30 is a schematic of this system.

Capital Costs

System 1. This system, as shown in Figure VIII-29, is applied to new
sites where all treatment facilities are constructed when the
preparation plant is constructed. A slurry pond for the preparation
plant wastewater would be installed and a pump station for 100 percent
recycle of the treated water required. Associated area runoff would
be segregated from the undisturbed area. The items required for this
system include Figures: VIII-13 & VIII-22; Preparation Plant Slurry
Pond with Dikes, VIII-24; Recycle pump Station, VIII-23; Associated
Area Segregation by Ditch and VIII-13; Pond for Associated Area
Runoff. The figure numbers next to the items can be used to determine
the capital costs.

System 1. This system, as shown in Figure VIII-3D, is applied to new
sites when a clarifier is used to treat the preparation plant
discharge. The items required for this system include Figures:
VIII-31; Clarifier, VIII~17; Sludge Dewatering, VIII-24; Recycle Pump
station, VIII-23; Associated Area Segregation from Undisturbed Area by
Ditch, and VIII-13 and VIII-22; Pond Associated Area Runoff. The
figure numbers next to the items ·can be used to determine the capital

. costs.
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In determining the treatment costs, five assumptions were made:

treat post mining discharges
in this section. (Note: this

Again, this has been verified by an Agency study of reclamation areas.

Operation and Maintenance Costs

1. No capital charges are included. It is assumed facilities
are fully depreciated by the time of mine closure.

2. No "typical" pond size could be assumed. Ponds range from
"no pond" to 21 acre-feet in storage.

These costs apply only to surface mines. The costs include
sedimentation structures for treating the runoff from areas under
reclamation through release from the applicable reclamation bond. For
this subcategory, treatment is for the control of settleable solids
and pH.

Assumptions

In determining the treatment costs, two assumptions were necessary:

1.. Since limitatirins for active mining are based on treatment
pond technology and facilities can leave the pond in-place, no capital
costs result from these requirements.

2. Lime for pH control should not be required for discharge
systems covered in the reclamation phase since no acid wastewater
should be formed at these facilities.

Operation and maintenance costs to
through bond release are presented
treatment is already required by OSM.)

Geii\~~:tT AS'~umpti'orrs U'sed

POST M1HtNG OTSCRftRG~S

3. A "typical" lime dosage is 300 mg/l.

4. Operation and maintenance and energy costs for lime feeding
'are not sensitive to lime dosage rates are assumed constant.

5. Sludge pumping energy costs are less than five percent of
the total operation and maintenance costs.

Therefore, energy costs for varying sludge rates are masked by the
total operation and maintenance costs.



332

The clarifier and sludge pumping operation and maintenance costs are
presented in Figure VIII-37. To obtain the total operation and
maintenance costs for the clarifier system (including clarifiers, lime

The costs associated with areas under reclamation include operation
and maintenance costs for sedimentation ponds and maintenance costs
for runoff control with earth dikes or drainage ditches. The cost
curves for these areas are identical to figures previously presented,
but are repeated here for convenience. Figure VIII-32 presents
operation and maintenance costs for sedimentation ponds. The capital
cost of the pond was found in Figure VIII-13. The maintenance costs
for runoff control with earth dikes or drainage ditches are given in
Figure VIII-33. Supporting information and assumptions for developing
these figures may be obtained in Appendix A to the Proposed Coal
Mining Development Document (EPA 440/1-Bl/057-b).

first system
and aeration

lime addition

Alkaline Underground Mines

Only settling ponds are considered for costing. No clarifiers have
been included because few alkaline deep mines employ clarifiers for
wastewater treatment. The annual operation and maintenance cost curve
for wastewater treatment with settling ponds was presented in Figure
VIII-32. The annual maintenance cost curve for earth dike or drainage
ditch runoff control was illustrated in Figure VIII-33. Supporting
information and assumptions for developing these figures may be found
in Appendix A to the Proposed Coal Mining Development Document.

Acid Underground Mines

Two treatment systems are considered for costing. The
includes settling ponds, lime addition equipment,
equipment. The second system includes clarifiers,
equipment, and aeration equipment.

Costs Associated with Both Settling Pond and Clarifier.

The annual costs associated with both systems may be obtained from
Figures VIII-34, VIII-35, and VIII-36. Included in the cost curves of
Figure VIII-36 is the cost of hydrated lime at $65 per ton.
Supporting information and assumptions for developing these figures
may be found in Appendix A.

Costs Associated Only with the Settling Pond System~

Operation ahd maintenance costs were illustrated in Figures VIII-32
and VIII-33. The total operation and maintenance costs for the
sedimentation pond system (including sedimentation ponds, lime
addition and aeration) are determined by adding the costs from Figures
VIII-32 and VIII-33 to the costs obtained from Figures VIII-34, VIII
35, and VIII-36.

Cost Associated Only with the Clarifier System.
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Figure VIII-32

SEDIMENTATION POND OPERATION AND MAINTENANCE
ANNUAL "COST CURVE FOR POST MINING DISCHARGES
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Figure VIII-35

POST MINING DISCHARGE LIME FEED FACILITIES OPERATION A.~
MAINTENANCE ANNUAL COST CURVES FOR UNDERGROUND COAL MINE

ACID WASTEWATER TREATMENT WITH
SEDIMENTATION PONDS OR CLARIFIERS
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Figure VIII-36

POST MINING DISCHARGE AERATION OPERATION
AND MAINTENANCE ANNUAL COST CURVE FOR UNDERGROUND COAL

MINE ACID WASTEWATER TREATMENT WITH SEDIMENTATION PONDS
OR CLARIFIERS
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Figure VIII-36

POST MINING DISCHARGE AERATION OPERATION
AND MAINTENANCE ANNUAL COST CtJRVE FOR UNDERGROUND COAL

MINE ACID WASTEWATER TREATMENT WITH SEDIMENTATION PONDS
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AFTER MINE CLOSURE CLARIFIER MECHANISM AND
SLUDGE PUMPING OPERATION AND MAINTENANCE
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addition, and aeration), add the costs from Figure VIII-37 to the
costs obtained from Figures VIII-34, VIII-35/ and VIII-36.

GENERAL ASSUMPTIONS UNDERLYING CAPITAL COSTS EQR ALL SUBCATEGORIES

Building Costs

Buildings will be required to house chemical and polymer feed
equipment, as well as the controls for the treatment systems. The
cost estimates were prepared by including various subcategories, i.e.,
costs for concrete, superstructure, plumbing, sanitation, and
lighting. The electrical and control panel costs as well as
laboratory facilities and office equipment are included in the
building costs. These costs are included in the capital cost curves
for each of the treatment levels.

Piping

The type of plplng costed for each treatment system is carbon steel.
Pipe diameters were sized based on six to seven feet per second flow
velocity. The" costs for piping were based on up-to-date pipe cost
quotations and a factor of 100 percent was added to this cost to
account for fittings, flanges, hangers, excavation, and backfilling as
required.

Electrical and Instrumentation

The electrical and instrumentation costs for the treatment levels were
estimated at 30 percent of the cost of the applicable equipment.

Power Supply for Mine Water Treatment

Operation of the equipment associated with the three candidate levels
of BAT treatment may require additional electric power at the site.
This power can be supplied by either running a power line from an
accessible trunk line or power source, or by using diesel powered
generator units. ,The worst case would probably be to run a high
voltage trunk line from a generating facility long distances to the
wastewater treatment facility. In addition to the capital cost for
power line construction, associated costs for metering, transformers
and secondary lines would be required.

In order to provide information on the costs for running power lines,
two supply voltage levels were assumed: 480 volts and 4.16 kilovolts.
It was then assumed that the practical breakpoint on transmission
distance would be between 500 to 1,000 feet for 480 volts. Distances
approaching 1,000 feet and longer would require a feeder of 4.16 kV.
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Table VIII-3 has been prepared to present approximate cost for power
lines. If the distance from the source and user and the load in
kilowatts (kW) is known, the table can be used to obtain the power
line costs. These prices include installation, poles; wire,
insulators and crossarms for 480 volts and also includes a power
center at the user containing a high voltage incoming section with
necessary protection disconnecting devices, transformer (4.16 kV/480V)
and secondary side circuit breaker.

In cases where trunk or secondary lines are not readily available, it
may be advantageous to operate diesel engine generator units. The
range of approximate power requirements for the three candidate levels
of BAT is from 5 kw at the lowest flow rate, level 2, to 150 kw for
the highest flow rate, level 4. An economic tradeoff exists between
the relatively low capital cost for a diesel unit and the relatively
low maintenance and operating costs of a long distance trunk line
system. Table VIII-4 provides cost estimates for diesel generator
units for a range of power requirements. The costs presented in Table
VIII-4 include an ICC approved weather-housed trailer with controls,
cables, battery muffler system, alternator, control panel, silencer,
diesel engine, and generator. Capital costs for electric power supply
do not include land requirements and are not included in the capital
cost curves presented for the various treatment levels, due to the
highly site-specific nature of these costs. No extensive power
requirements are necessary at the preparation plants since power is
already available for production equipment.

Land

Additional land may have to be purchased in order to comply with
BAT/NSPS. This cost is difficult to estimate on a general basis since
the information received during the mine Visits indicated that the
cost can vary from a few hundred dollars to $40,000 per acre. If
additional land is required, land costs must be added to the capital
cost obtained from the treatment level system curves. The amount of
land needed for proposed BAT alternatives is presented on an
individual equipment basis for each level of treatment suggested (1).
A value of $4,000 per acre is assumed to be a reasonable cost because
it is a representative cost of land in a rural location in the
midwest.

Equipment

The equipment costs included in this subsection are for polymer
addition equipment, pump stations, mixing tanks, clarifiers, gravity
filters, and water storage tanks. This encompasses equipment reqUired
for all three treatment levels. Cost estimates for installation,
engineering, administration, and contingencies are also included.

polymer Addition Equipment. Capital costs of polymer addition
equipment are relatively insensitive to mine drainage flow rates
according to vendor price quotations. Below 750,000 gpd the installed
capital cost was estimated at $30,000 and above 750,000 gpd the cost
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Table VIII-3

COST OF OVERHEAD ELECTRICAL DISTRIBUTION SYSTEMS

480V System

rlS}~nee I LOA 8- K W
500 I100 200 3 0 400 Notes

250 $1500 $1900 $2100 $2500 $3100

500 $3200 $4900 $5500 $6700 * *Vo1tage drop
excessive

4.16 KV System

r=f~ance I LOS D - K 2
500 I10Q 200 3 0 00 Notes

1000 $19,000 $19,000 $20,000 $23,000 $23,000 Power center
costs included

1500 $20,400 $20,400 $21,400 $25,000 $25,000 II 11

2000 $22,000 $22,000 $23,000 $26,600 $25,600 " II

2500 $23,500 $23,500 $25,300 $29,600 $29,600 " "
3000 $25,000 $25,000 $26,000 $31,500 $31,500 rr "
3500 $26,600 $27,700 $28,700 $36,300 $36,300 rr "
4000 $28,000 $29,400 $32,400 $38,600 $38,600 " 11

4500 $29,800 $31,200 $34,400 $41,000 $41,000 " ..
SOOO $31,300 $32,900 $36,400 $49,700 $49,700 " II

Reference (2)
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Table VIII-4

CAPITAL COSTS FOR DIESEL GENERATOR SETS

Generator Type

Air-Cooled

Air-Cooled

Radiator-Cooled

Radiator-Cooled

Radiator-Cooled

Reference (4)

Power Requirement (Kw)

10

30

55

100

150

342

Cost (1000$)

11

16

20

24

30



GENERAL ASSUMPTIONS UNDERLYING ANNUAL COSTS FOR ALL SUBCATEGORIES

343

The annual costs computed for each of the treatment systems suggested
for BAT are categorized as follows:

Amortization

in level 3 includes
nine slide gates,

piping), electrical

Installation. Installation is defined here to include all services,
activities, and materials required to implement the described
wastewater treatment systems. Many factors affect the magnitude of
this cost including wage rates, in-house or contracted construction
work and site dependent conditions. The installation costs are
included in capital cost estimates presented in ,this section.

Engineering, Administration and Contingencies. The costs associated
with taxes, insurance, engineering, administration, and contingencies
are computed as 25 p~rcent of the installed cost of facilities and
equipment.

Mixing Tanks. The cost for the mixing tanks used
three steel tanks and skids, three mixers,
structural steel, aeration systems (blowers and
equipment, and instrumentation.

Gravity Granular Media Filters. The equipment included with gravity
filters is composed of a concrete pad, a backwash water storage tank,
piping connections, filter cells, media, underdrain system, electrical
equipment and instrumentation. The filters were sized based on a flux
rate of 10 gpm/ft 2 •

estimate was $40,000. These costs include a mlxlng tank, feed pump,
transfer pump, storage tank, an enclosure, and an electric heater.
Costs for the enclosure and heater were additional to those given by
the vendors of the polymer equipment. The costs for these two items
were estimated at $10,000 for the enclosure and $6,000 for the heater.

Flocculator-Clarifiers. A flocculator-clarifier composed of a steel
tank (1/4 inch thick) in concrete base, the internal flocculation and
sludge scraping mechanisms, structural steel, slide gates, sludge
pumps and motors, electrical equipment and instrumentation.

Pump Stations. Installed capital costs for pump stations include a
3/8 inch steel structure, pumps and motors, piping, valves, fittings,
structural steel (stairwells, ladders, ancillary equipment),
electrical equipment and instrumentation. Two pumps were assumed for
all flow rates up to 3.0 mgdj above this flow rate three pumps were
used.



Operation and Maintenance
Labor
Materials and Supplies
Chemicals

Energy

~rrl d~t' l' t in l'8rt

The annual depreciation and capital costs are computed based on using
the capital recovery factor:

AC = (II){CRF)

where

AC = annual cost

II = initial investment

CRF = cap ita 1 r ec0 ve ry fa ctor = (r) n( 1+r )/ {(1+r)n -1)

r = annual interest rate

n = useful life in years.

An interest rate of 10 percent was used in all cases. The expected
life differs for civil construction work and mechanical and electrical
equipment items and their installation, i.e., the expected life for
civil construction work is 30 years and 10 years for installed
mechanical and electrical equipment. No residual or salvage value is
assumed. Based on these assumptions, the general multipliers (AC/II)
compute as follows:

CRF (civil)30 '" 0.10608

CRF (mech. & elec.)iO = 0.16275

O~~~~tfdri ~rld ~~fht~ri~h~i

Ge' n'era'1'. 0per atin 9 tim e 0 f the sys t ems cos ted i s ass ume d t 0 be for 24
hours per day, 365 days per year.

O~era'tfrHt a'h'd Ma'frn~eria\n't'~ Pe'~'s'dn'h'e'l'. Personnel costs are based on an
annual rateof $28,000.

~~frit~nJri~~ ~~ferfa't~. The materials necessary for performing yearly
maintenance activities are estimated at thr~e percent of the capital
cost of the facilities including the contingency item.

C~d~fe~r~. The chemicals costed for use in any of the levels of
treatment are polymer and lime. The polymer cost is estimated at
$2.00 per pound, lime estimated at $65/ton. Yearly costs will vary
according to the dosage level used in the treatment system. A polymer
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dosage rate of two mg/l was selected for computing annual polymer
costs in each applicable system.

Power Costs. Electricity costs are based on auxiliary power
requirements in terms of kilowatts and 8,760 hours per year of
operation. The cost per kilowatt hour is estimated at $0.03 (2).

SLUDGE HANDLING AND ASSOCIATED COSTS

The sludge produced in the treatment of mine drainage, preparation
plant effluent and pond sedimentation can be handled by various
methods. Three methods which may be used and are considered in this
report are: sludge lagoons, trucking of dewatered sludge to disposal
site and trucking of undewatered sludge to disposal site.

Sludge Lagoons

The sludge lagoon would require construction of a lagoon and pumping
the sludge from the treatment facility to the lagoon. Available data
for lime neutralization indicates that sludge production is about 10
percent by volume of the incoming flow (solids concentration of two
percent) (1). This sludge would compact in a lagoon to 10 percent
solids which equates to three percent by volume of the incoming flow
treated. To arrive at a cost it is assumed that the sludge storage
requirements would be for an estimated 10 year life of the mine. The
cost curves for capital and yearly cost for the sludge lagooning
approach are shown in Figure VIII-38.

Haulage of Dewatered Sludge

Jhe method of dewatering sludge considered here consists of pumping
the sludge to a thickener. The thickened slUdge is then dewatered by
vacuum filters before hauling to disposal. It is assumed that this
system will increase the solids loading in the slUdge to about 25
percent. The cost curves for capital and yearly costs, as well as
energy requirements for this dewatering, are shown in Figure VIII-39.
The estimated cost for hauling dewatered sludge to disposal sites,
based on a one round trip mile, is presented in Figure VIII-40. To
maintain a uniform cost basis, this curve is a plot of design flow in
mgd versus cost in thousands of dollars.

Haulage of Undewatered Sludge

The final sludge handling approach is to haul the sludge to disposal
sites without dewatering. This involved pumping the sludge at about
two percent solids to a tank truck and then hauling to a disposal site
where it is lagooned or pumped into a bore hole. The trucking cost

345



10

3~6

Figure VIII-38
MINE DRAINAGE TREATMENT

SLUDGE LAGOON VERSUS DESIGN FLOW

0.01 t--~-----+------+---_---I

0.001 '----~ ..................-"""'----...~...IoIooL._..J...."",oI_l.., .......LU

DI ~J W
DESIGN FLOW IN M.G.D.

~ 10c(
-J
-J
0
C
~
0
(J)z 1.0Q
..J
..J-:IE
Z YEARLY- COSTI-
en

0.18



.0 I ~_~'-"'.....Io-"""""""'~_-""'_""""'L.""""I",..l-l...J-'-lo....-_""'--......I-.....I.-"'-'-....L..U.I 0.00I
.01 0.1 t.0 10

DESIGN FLOW IN M.G.O.

Figure VIII-J.9

MINE DRAINAGE TREATMENT
SLUDGE DEWATERING VERSUS DESIGN FLOW

COST AND ENERGY CURVES

341

C/)
~ ~

< ~
~ ~
J ~g 1.0 f----------+--------+---..F----~O.l ~

~ ~
o zo
~ ~ ~
Z ~ ~o -:i ?\~~\.. 2
...J C~ Z- -:E

~
~O.l 0.01 cr

lLJ
~ Zo lLJ
(.)



a:: 100<[
W
)-

"-
U)
a:
<[
..J
..J
0 10a
az
<[
(J)
::;)
0
:J:
~ 1.0
Z-
t-
(f)
0
0

0.1
.01 OJ' 1.0 10

DESIGN FLOW IN M.G.D.

Figure VIII-40

YEARLY COST OF ONE ROUND TRIP MILE
OF SLUDGE HAULING VERSUS DESIGN FLOW

MINE DRAINAGE TREATMENT

348



for hauling this sludge, based on a round trip mile, is also presented
in Figure VIII-40, Assumptions and cost criteria for sludge handling
are based on information provided in reference (2). To calculate the
cost of land, Figure VIII-41 presents the sludge lagoon area required
versus mine drainage flow rates.

REGIONAL SPECIFICITY FOR COSTS

Variations in capital and annualized costs are dependent on the region
in which the treatment facility is located. These differences are due
to such factors as soil type, precipitation, topography, and
vegetation. Cost multipliers have been prepared to reflect these cost
differences and are presented in Table VIII-5 in the column entitled
"Basic Capital Cost Multiplier." The development of these mUltipliers
is presented in reference (5).

Before using these multipliers for a particular region, the extent to
which certain costs have already been absorbed in establishing BPT
facilities should be determined; this may require a certain degree of
downward multiplier adjustment in the cost. Items which affect the
accuracy of these basic multipliers are previously built-in access
roads, clearing and grubbing, etc.

The development of the Capital Cost Multiplier Adjusted to Civil Works
was based on the premise that the multiplier is, only applicable to
that portion of the capital cost which is associated with excavation,
backfilling, and concrete placement. The assumed contribution which
these items provided in the overall construction investment is 40
percent. ThUS, the basic multipliers are adjusted to 40 percent of
their original value (5). Table VIII-5 also presents the formula
which demonstrates the application of the adjusted capital cost
multiplier to yearly costs. Regional cost multipliers for yearly cost
would apply only to that portion of the yearly cost associated with
the civil works part of the facilities, such as the civil works
portion of the amortization and associated charges.

Examples of regionally specific cost determination procedures are
provided in the cost manual (1),

NON-WATER QUALITY ASPECTS
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NOTES:

Table VIII ..5

COST MULTIPLIERS FOR COAL MINING REGIONS IN THE UNITED STATES

To obtain the adjusted yearly cost for a region where the capital

cost multiplier is greater than one use the following formula:

Capital
x 1 - Cost

Multiplier

Yearly
Cost from
Curve

350

Capital
Recovery x
Factor

Yearly
Cost from 
Curve

Adjusted
Yearly 
Cost

Reference (5)

Capital Cost Multi-
Basic Capital pIier Adjusted to

Region Cost Multiplier Civil Works

Northern Appalachia 1.8 1.32

Central Appalachia 1.8 1.32

South Appalachia 1.7 1.28

Midwest 1.3 1.12

Central Wlist 1.2 1.08

Gulf 1.0 1.0

Northern Great Plains 1.0 1.0

Rockies 1.9 1.36

Southwest 1.65 1.26
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DESIGN FLOW IN M.G.D.

Figure VIII-41
SLUDGE LAGOON - AREA REQUIRED VERSUS DESIGN FLOW
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The effects of the candidate technologies on air pollution, solid
waste generation, and energy requirements have been considered. The
latter aspect has been addressed in earlier subsections, and will not
be repeated.

&!: Pollution

Imposition of regulations based on any of the candidate technologies
in any subcategory will not create any additional air pollution.

Solid Waste Generation

The neutralization and aeration of acid mine drainage results in .a
suspension of ferric hydroxide, other metal hydroxides, and unreacted
reagents (lime) in an aqueous solution of salts composed largely of
sulfates. This suspended matter must be removed before the water is
discharged. Also, alkaline drainage contains sediment which requires
removal. Many preparation plants in the United States use water to
assist in the sizing, separation, and cleaning of run-of-mine coal.
The waste slurry discharged from the plant is often high in suspended
coal fines that require reduction or removal prior to recycle or
discharge. Also, coal preparation facilities generate a solid or
semisolid refuse of material rejected from the cleaned coal. Ash,
claYSr and other materials make up this refuse, which is conveyed as a
slurry to a refuse pile, or disposed of in some other manner. The
creation of these sludges result from application of the BPT
requirement. Additional sludge generation resulting from the
candidate technologies are discussed in the following paragraphs.

Flocculant Addition ~ Granular Media Filtration

For mine drainage or preparation plant wastewaters, the application of
these technologies would result in additional sludge production of a
composition similar to sludge generated by BPT requirements. However,
the amount of this extra solid waste would be minimal in comparison
with quantities produced by compliance with BPT. For instance, in the
acid drainage subcategory, the average TSS removal (which makes up a
substantial portion of the solid waste) at a typical mine by
application of BPT is 1,310 pounds per day. Installation of
flocculant addition equipment would result in an additional estimated
removal of 40 pounds per day, or a little over three percent of the
BPT sludge production. For application of filtration technology,
additional sludge production would be approximately 80 pounds per day,
or less than 6.5 percent of the sludge produced under the BPT
requirement.

Total Recycle Option-Preparation Plants

The total recycle option was considered only for preparation plant
wastewaters (distinct from preparation plant associated area
wastewater). As in the previous case, the additional sludge resulting
from selection of the zero discharge option would be minimal. Again,
using a typical facility, 370,000 pounds per day are removed from the
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wastewater by application of settling (BPT) technology (this figure
does not include the small amounts of any gypsum or other lI spec tator"
solids that might settle). Installation of facilities to achieve
total recycle would remove an additional 140 pounds per day from
waters discharged to the environment.

Settling - Reclamation Areas

The Agency is promulgating effluent limitations for areas under
reclamation and for sites where mining has ceased. Because these
limitations are based on a technology (a sedimentation pond) whose
installation is already required by active mining regulations there
will be no incremental non-water quality impacts resulting from the
EPA rule for post-mining regulations. Because the composition of the
settled material does not include toxic metals, the environmental
impacts of solid waste disposal in this subcategory are projected to
be minimal.
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SECTION IX

AMENDMENTS TO BPT

The following are amendments to the previously promulgated BPT
regulations (42 FR 21380 (April 26, 1977)). These changes also apply
to BAT and NSPS presented in the following sections.

WESTERN MINES

As discussed in Section V, western mines will no longer be a separate
subcategory.

POST MINING DISCHARGES

This subcategory was established (as "areas under reclamation") during
the NSPS rulemaking, but the Agency deferred promulgation of any
limitations until further data could be gathered and analyzed. As
discussed in Sections V and VII, additional data have been collected
that support the establishment of effluent limitations for this
subcategory.

Reclamation Areas

Pollutants to be regulated for reclamation areas include settleable
solids and pH. The technology basis on which these limitations are
based is a sedimentation pond capable of containing the runoff from
the reclaimed area resulting from a lO-year, 24-hour storm. The
Agency has concluded that the following limitations shall apply to the
reclamation areas for mining of coal of all ranks including, but not
limited to, lignite, bituminous, and anthracite:
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ALTERNATE LIMITATIONS DURING PRECIPITATION EVENTS
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These regulations shall apply until full release of the SMCRA
performance bond.

30 Day
Average

Effluent Limitations

Maximum for
Any One Day

0.5 mIll

within the range
6.0 to 9.0

at all times

(2) Only pH limitations will apply to discharges, overflows, or
lncreases . in discharges caused by precipitation events
greater than a lO-year, 24-hour storm event.

(3) The alternate limitations apply to coal mining operations
regardless of the treatment installed; there is no
requirement to install a "lO-year, 24-hour pond tl

, or indeed
any pond at all. This requirement has been deleted in
conformity with the July 2, 1981 proposal by OSM, to allow
mining operations flexibility in designing their treatment
systems. The limitations on settleable solids of 0.5 mIll
and pH (range of 6-9) are based on the treatment capability

EPA is amending the exemption available for discharges caused by
precipitation events. EPA's studies have shown that well-operated
treatment facilities can achieve settleable solids and pH limitations
during rainfall events of varying intensity as discussed in Section V
and VIII. The I'storm exemption" published on December 28, 1979 (44 FR
76788) is being modified as follows:

(1) Settleable solids and pH limitations will apply to
discharges, overflows, or increases in discharges caused by
precipitation events less than or equal to a lO-year,
24-hour storm event.

pH

Underground Mine Discharges

Effluent limitations for underground mines shall be the same as those
for active mines because the wastewater characteristics are not
significantly different as discussed in Sections V and VII.

Effluent Characteristic

Settleable Solids



Any overflow, increase in volume of a discharge or discharge from a
bypass system caused by precipitation within any 24-hour period less
than or equal to the la-year, 24-hour precipitation event (or snowmelt
resulting in equivalent volume) shall be subject to the following
alternate limitations:

Any overflow, increase in volume of a discharge or discharge from a
by-pass system caused by precipitation within any 24-hour period
greater than the lO-year, 24-hour precipitation event (or snowmelt
resulting in equivalent volume) shall be subject .to the following
alternate limitations:

Costs to comply with the storm exemption are less than those
originally required in the BPT regulations because a
la-year, 24-hour pond is not required. Smaller ponds or
other treatment options may be used and the facility may
still qualify for the alternate limitations.

30 Day
Average

30 Day
Average

Effluent Limitations

Maximum for
Any One Day

0.5 mIll

within the range
6.0 to 9.0

at all times

Effluent Limitations
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Maximum for
Any One Day

within the range
6.0 to 9.0

at all times

of a pond designed, constructed and maintained to contain
the volume of water which would drain into the pond from
active mining areas and reclaimed areas during the la-year,
24-hour precipitation event. (See Section VII).

(4) Discharges from underground mines are not eligible for the
alternate limitations unless they are commingled with
surface discharges. Precipitation does not significantly
affect the mechanism of underground mining discharges, and
thus relief from effluent limitations is not necessary.
Techniques for preventing or minimizing infiltration in
underground mines is presented later in this section.

pH

pH

Effluent Characteristic

Effluent characteristic

Settleaole Solids



The Agency has
flexibility in
regulations.

decided to delete
treatment systems,

the design criteria to allow
consistent with aSM's proposed
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SECTION X

BEST AVAILABLE TECHNOLOGY ECONOMICALLY ACHIEVABLE (BAT)

The factors considered in assessing best available technology
economically achievable (BAT) include the age of equipment and
facilities involved, the process employed, process changes, nonwater
quality environmental impacts (including energy requirements) and the
costs of application of such technology (Section 304(b)(2)(B)). In
general, the BAT technology level represents, at a minimum, the best
economically achievable performance of plants of various ages, sizes,
processes, or other shared characteristics. Where existing
performance is uniformly inadequate BAT may be transferred from a
different subcategory or category. BAT may include process changes or
internal controls, even when not common industry practice.

Under the Clean Water Act amendments of 1977, the primary emphasis of
BAT is the control of toxic pollutants. Tie statutory assessment of
BAT "considers" costs, but does not require a balancing of costs
against effluent reduction benefits. In developing the final BAT,
however, EPA has given substantial weight to the reasonableness of
costs. The Agency has considered the volume and nature of discharges,
the volume and nature of discharges expected after application of BAT,
the general environmental effects of the pollutants, and the costs and
economic impacts of the required pollution control levels. Despite
this expanded consideration of costs, the primary determinant of BAT
remains effluent reduction capability.

Effluent limitations in this industry are expressed as concentrations
(i.e., mass per unit volume, most often milligrams per liter-- mg/l).
Mass limitations cannot be written because wastewater flow cannot be
correlated with coal production. This stems from the fact that,
although little process water is employed in coal extraction, large
volumes of water still require treatment because of infiltration from
precipitation and runoff through the active mining area as well as
groundwater seepage from breached aquifers. Thus a particular mine
may have large volumes of water to treat that are essentially
independent of the coal production capacity of the mine. This
situation is also found in the coal preparation segment. Although
process water used for coal cleaning can be correlated with
production, wastewater flows are impossible to predict due to varying
amounts of surface runoff from preparation plant associated areas such
as coal stockpiles.

The Agency considered a number of options for regulation of existing
sources subject to the BAT requirement ~nd new sources subject to the
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NSPS requirement. The BAT limitations options are detailed below.
New source options are discussed in Section XII.

BAT OPTIONS CONSIDERED

General Applicability

Under all options considered and described below (except zero
discharge for coal preparation plants) alternate limitations would be
allowed for discharges caused by precipitation. The post-mining
regulations apply to all options also (both the post-mining
regulations and alternate storm limitations are the same as those
presented in Section IX ItAmendrnent to BPT tI

).

Option ~ ~ ~ ~ BPT

For acid drainage mines and coal preparation plants and associated
areas the limitations are based on the application of neutralization,
aeration, and settling technology. For alkaline mines limitations are
based on application of settling technology.

Option ~ =~ ~ BPT ~ Flocculant Addition Technology

A treatability study commissioned by the Agency has shown that when
toxic metals were spiked into the untreated wastewater, substantial
reduction of these pollutants was also achieved along with suspended
solids. Additional toxic metal removals for BPT-treated water without
spiking were highly variable due to the low influent levels of these
metals. Costs for installation and operation of this technology would
range from $30,000 to $40,000 per outfall for capital costs and from
$.042/1,000 gallons treated to $.41/1,000 gallons treated for annual
costs.* The cost of implementating this option at preparation plants
and associated areas for the entire U.S. is 50.0 million dollars
(capital) and 25.1 million dollars (annual) for this subcategory.

*Note: The lower cost was calculated assuming a two mg/l dosage rate
and a 4.5 mgd facility; the higher cost was calculated assuming a two
mg/l dosage rate and a 0.1 mgd facility.

Option Three =BAT ~ ~ ~ Granular Media Filtration Technology

Two acid drainage treatment plants were studied for evaluation of this
technology. They consisted of BPT treatment (neutralization,
aeration, and settling) of acid mine drainage followed by a dual-media
filter. Toxic metal reductions are not quantified because influent
concentrations of toxic metals to the filter were very low, i.e., the
neutralization and settling processes effectively removed the priority
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metals contained in the raw wastewater. Capital costs for this
technology range from $150,000 for a design flow of 100,000 gpd to
$900,000 for a design flow of 8,000,000 gpd. Annual costs for
filtration range from $.51/1,000 gallons treated for the 100,000 gpd
facility to $.055/1,000 gallons treated for the 8 mgd facility. No
capital and annual costs were estimated for implementation of this
option specifically for preparation plants and associated areas.

Option Four =BAT ~ Zero Discharge for Coal Preparation Plants

Associated area drainage would be segregated from preparation plant
wastewaters for separate treatment. Total recycle of preparation
plant water would be necessary, with ditching or diking installed
around the slurry pond to divert storm and other surface runoff.
Makeup water would be provided from an independent source. An
occasional purge, subject to BPT, would be allowed when necessary to
reduce the concentration of solids or process chemicals in the water
circuit to a level which will not .interfere with the preparation
process or process equipment. Associated area drainage would, if
required, be neutralized and settled in a separately constructed
facility. Option 1 thru 3 would be considered for the mine drainage
subcategories. The alternate limitations for precipitation events
will not apply to new source preparation plants. Total industry
capital costs for implementation of this option are estimated to total
291.2 million dollars. Annual costs are estimated at 52.6 million
dollars.

BAT SELECTION AND DECISION CRITERIA

EPA has selected Option One (BAT = BPT) as the basis for final BAT
effluent limitations. Additional removal of toxic compounds by
Options Two and Three is insignificant. There was some additional
removal of iron and manganese, however the costs associated with
installation and operation of these technologies are too high to
warrant such removal. These options provided only small incremental
toxic metal removals and in some cases exhibited virtually no
additional removal at all. Thus, lower BAT limitations based on these
technologies could not be justified. Suspended solids removals were
quantifiable; however, TSS is subject to BeT, not BAT limitations.
These technologies will be subject to the BCT Ucost reasonableness"
test when it is promulgated; until then, BCT limitations are reserved
for the coal mining industry. Option four for existing preparation
plants was not selected based upon the high retrofit expenditures. In
the Agency's judgment, the costs of retrofitting for zero discharge
are not justified by the effluent reductions that would result from
that option. As noted in Section XII, "New Source Performance
Standards (NSPS)," the zero discharge option was selected for new
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source preparation plants because no retrofit costs were involved.
The BAT effluent limitations guidelines for the coal mining category
are summarized in Table X-1.

BEST MANAGEMENT PRACTICES (WATER MANAGEMENT)

Section 304(e) of the Clean Water Act (33 U.S.C. 1251) authorizes the
Administrator of EPA to promulgate Best Management Practices (BMPs)
for each class or subcategory of both point and nonpoint sources of
pollution. Under the Surface Mining Control and Reclamation Act ~f

1977 (SMCRA) (Public Law 95-87), OSM was assigned responsibility for
the development of a comprehensive program to ensure environmental
protection and land reclamation of surface coal mining operations.
Water handling practices can include the application of various
mining, aquifer and erosion control techniques to prevent or minimize
adverse environmental effects. The purpose of these techniques is to
effect a reduction in effluent water volumes and/or an improvement in
effluent quality, thereby reducing wastewater treatment and· its
associated costs. The following paragraphs discuss water management
practices available to operators and permit authorities to reduce
wastewater quantity. For both surface mining and the surface effects
of underground mining, OSM has promulgated specific regulations
governing water management associated with mining and reclamation
operations (44 FR 15143-15178). A number of these standards have been
remanded as a result of litigation; therefore, OSM is now in the
process of a new rulemaking.

Underground Mines

Surface or groundwater may enter underground mines from above, below,
or laterally through adjacent rock strata. Faults, joints, and roof
fractures are common sites of water entrance into abandoned
underground mines. Water may also enter mines through exploration
drill holes or through boreholes that supply power and air to
underground equipment. Surface water can drain into underground mines
from surface mines or as a result of inadequate stream diversion
practices. Flooding or seepage from adjacent abandoned or inactive
underground mines is often a significant source of water infiltration.
Factors that can affect the quantity of water entering a deep mine
are: the depth of the mine, the source of the drainage, the location
of water bearing strata, and groundwater flow patterns.
Investigations of the quantity of water entering underground coal
mines have found the average rate of infiltration to vary between
6,260 and 10,280 liters per hectare per day (670 to 1,100
gal/acre/day). These rates may be exceeded if catastrophic flooding
of a mine occurs from adjacent or overlying abandoned drifts (1).
Various infiltration control practices are required in order to comply
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Table X-I

EFFLUENT LIMITATIONS BASED ON BEST AVAILABLE
TECHNOLOGY ECONOMICALLY ACHIEVABLE (BAT)

3.5
2.0

3.5

3.5
2.0

Average of daily
values for 30

consecutive days
shall not exceed

Effluent Limitations (mg/l)
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7.0
4.0

7.0

7.0
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Maximum for
anyone da..l
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Effluent limitations that apply
from appropriate active mine
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Acid Mine Drainage:
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Post Mining Discharges:
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2. Air Seal--An air seal prevents the entrance of air into a mine
while allowinq the normal mine discharge to flow through the seal.
This seal is constructed with a water trap similar to the traps in
sinks and drains.

water into
requirements

discharge of
817.55). OSM

Mine Sealing

Several techniques contained in the OSM program prevent postmining
formation of acid mine drainage. One of these techniques is mine
sealing .. Mine sealing is defined as the closure of mine entries,
drifts, slopes, shafts, subsidence holes, fractures, and other
openings in underground mines with clay, earth, rock, timber,
concrete, fly aSh, grout, and other materials. The purpose of mine
sealing is to control or abate the discharge of mine drainage from
active and abandoned mines. Mine seals have been classified into
three types based on method of construction and function. The three
seal types are~ .

1. Dry Seal--The dry seal is constructed by placing suitable material
in mine openings to prevent the entrance of air and water into the
mine. This seal can be applied to openings where there is little or
no water flow from within the mine and little danger of a hydrostatic
head developing.

Borehole Sealing

Underground mines are commonly intercepted by boreholes extending from
the ground surface. These holes are sometimes drilled during mineral
exploration, but may also be utilized for supplying power or air to
underground equipment or for discharge water pumped from active
sections. Upon abandonment of an underground mine, these boreholes
may collect and transport surface and groundwater into the mine.
These vertical, or nearly vertical, boreholes can be successfully
sealed from below in an active underground mine. The sealing can also
be achieved by placing packers and injecting a cement grout. Often
abandoned holes will be blocked with debris and will require cleaning
prior to sealing. The packers should be placed below aquifers
overlying the mine to prevent entry of sub-surface waters, but should
be well above the roof to prevent damage to the seal from roof
collapse. A borehole may also be sealed by filling the hole with rock
until the mine void directly below the hole is filled to the roof.
Successive layers of increasingly smaller stone should be placed above
the rock. A clay and/or concrete plug is then placed in the borehole.
The remainder of the borehole may be filled with rock or capped.

with OSM regulations restricting the
underground mines (44 FR 15269 sec.
endorsed by EPA include:

1. Borehole sealing and casing
2. Mine sealing
3. Regrading and revegetation of surface facilities, and
4. Surface water diversion



3. Hydraulic Seal--Construction of a hydraulic seal involves placing
a plug in a mine opening that is discharging water. The plug prevents
discharge after the mine is flooded. Flooding excludes air from the
mine and retards the oxidation of sulfide minerals. However, the
possibility of the failure of mine seals or outcrop barriers increases
with time as the sealed mine workings gradually become inundated by
groundwater and the hydraulic head increases. Depending upon the rate
of groundwater influx and size of the mine area, complete inundation
of a sealed mine may take several decades. Consequently, the maximum
anticipated hydraulic head on the mine seals may not occur for a long
time. In addition, seepage through, or failure of, the coal outcrop
barrier or mine seal could 09cur at any time.

Surface Area Regrading

Water discharging from underground mines often originates as surface
water from ungraded, unvegetated strip mine spoils. This commonly
occurs· in the eastern United States where coal outcrops are often
mined by contour stripping techniques. These strip mines can
intercept underground workings or have underground mine entries and
auger holes located along the highwall. When these openings occur on
the updip side of an underground mine, large volumes of surface water
may be conveyed to underground workings. Surface mines may collect
water and allow it to enter a permeable coal seam. This water can
flow along the seam to adjacent underground mines.

The purpose of regrading is to return the disturbed area back to its
approximate original contour, with natural drainageways and
watersheds. Various methods of surface regrading have been practiced
in the eastern coal fields. The selection of a regrading method will
depend upon such factors as: the amount of backfill material
available, the degree of pollution control desired, future land use,
funds available and topography of the area. Prior to backfilling,
impervious materials may be compacted against the highwall and· coal
seam. to prevent the flow of water to adjacent underground mines.
Where contour terrace regrading methods are applied, surface runoff is
diverted away from the highwall.

Surface Water Diversion

Surface cracks, subsidence areas, ungraded surface mines, and shaft,
drift and slope openings often are the source of surface water
infiltration. into underground mines. Water diversion entails the
interception and conveyance of water around these underground mine
openings. This procedure controls water infiltration and decreases
the volume of mine water discharge.

Ditches, trench drains, flumes, pipes, and dikes are commonly used for
surface water diversion. Ditches are often used to divert water
around surface mines. Flumes and pipes can be used to carry water
across surface cracks and subsidence areas. To ensure ~ffective

diversion, the conveyance system must be capable of handling maximum
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expected flows. Riprap may be required to reduce water velocities in
ditch type conveyance systems.

In addition to the above practices required by aSM, permit writers may
make use of the following water management practices to assure the
control of 'infiltration into underground mines:

1. Surface or subsurface sealing
2. Channel reconstruction
3. Aquifer interception
4. Subsidence sealing and grading

Surface Sealing

Surface mines that overlie deep mines can collect water in a pit and
this water could percolate into the underground facility. To control
this, the surface permeability should be reduced. That can be
accomplished by placement of impervious materials, such as concrete,
asphalt, rubber, plastic, latex, or clay on the ground surface.
Surface permeability may also be decreased by compaction; however, the
degree of success will depend upon soil properties and the compaction
equipment utilized.

A seal below the surface would have several advantages over surface
seals: it would be less affected by mechanical and chemical actions;
land use would not be restricted; and the seal would most likely be
located in an area of lower natural permeability. The seal would be
formed by injecting an impermeable material into the substrata.
Asphalt, cement and gel materials have been used to control water
movement below the surface. The effectiveness of various latexes,
water soluble polymers, and water soluble inorganics, which hydrate
with existing ground materials to form cement like substances, has
been demonstrated in laboratory and field tests. However, large scale
applications of subsurface sealants to control acid mine drainage have
not been demonstrated.

Channel Reconstruction

Ve~tical fracturing and subsidence of st~ata overlying underground
mines often create openings on the ground surface. Streams flowing
across these openings may have a complete or partial loss of flow to
the underground workings. During active ope~ations, pumping of this
infiltrating water is required. In both active and abandoned
underground mines the problem of infiltrating stream flow can be
effectively controlled by reconstructing and/or lining the stream
channel. The reconstructed channel bottom may be lined with an
impervious material to prevent seepage or flow to the underground
mine. To ensure complete and effective diversion, the reconstructed
channel must be capable of handling peak stream flows. In instances
when stream flow cannot be diverted to a new channel, flow into
underground mines can be controlled by plugging the mine openings with
clay or other impervious material.
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Aquifer Interception

This mine water handling technique utilizes hydrogeologic features of
an underground mine in order to help prevent the inflow and
contamination of groundwater. Wells are drilled from the land surface
through the aquifer to the underground mine. The groundwater may then
be drained through the mine zone for discharge into underlying
aquifers, or conveyed from the mine through a pipe system.

Subsidence Sealing and Grading

Before or after abandonment of underground mines, fracturing or
general subsidence of overlying strata can occur. This fracturing
increases the permeability of the strata, and can result in the flow
of large volumes of water into a mine. The volume of water that is
diverted into an underground mine via fracturing or subsidence depends
upon the structure of the overlying rocK, and the surface topography
and hydrology of the area. Vertical permeability may be decreased by
placing impermeable materials around the subsided area. These
materials may be compacted on the surface and graded, or placed in a
suitable sealing strata below ground level. Materials which have been
successfully utilized for subsidence sealing are rubber, clay,
concrete, and cement.

Prevention of Acid Formation

Because sufficient water is almost always present in deep mines to
allow acid formation, methods for reducing oxygen availability and
contact time are important in preventing this reaction. Reduction of
contact time can be accomplished during active operations by pumping
water from the mine and maintaining the mine pool at a sufficiently
low level. Pumping costs can be quite high, particularly if the water
sources are diffuse; therefore, it is also good practice to try and
reduce the amount of water flowing into the mine. For inactive or
abandoned mines, mine sealing is a viable alternative. This method
can eliminate oxygen from entering an underground mine.

Surface Mining

Water handling techniques for surface mines include practices
associated with two categories: (1) mining technology, and (2)
reclamation technology. Pre-mine planning to institute these
practices is very important, as is borne out by the permit procedures
required by OSM. The mining and reclamation techniques discussed in
this subsection represent source control methods that can contain or
prevent pollution formation during active mining.

Mining Methods

Certain mining techniques can help reduce the environmental impacts of
coal strip mining. One such technique currently employed by industry
and favored by OSM is termed "Modified Block Cut" mining. This method
is basically applicable to moderate slopes (20% or less), low
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highwalls (60 feet average) and thin seams. It has been applied to
mines located in the east. This technique is expected to be feasible
in even steeper terrain. The modified block cut method is a variation
of conventional contour strip mining (2). Material from the first cut
is often stored in a valley or head of hollow fill. This initial cut
is usually three times wider than each succeeding cut in order to
accommodate excess spoil as the mining plan progresses. After
completion of each cut, a void is created near the highwall to store
pollutant-forming materials encountered during mining. Overburden
from the next cut is backfilled into the previous cut simultaneously
exposing coal and initiating reclamation. This method offers several
advantages:

1 . Overburden is handled only once.
2. Most of the spoil is confined to a mined area,
3. Spoil on the downslope is almost completely eliminated

thereby reducing the amount of disturbed area,
4. Reclamation is concurrent, and
5. Grading and revegetation areas are reduced.

Figure X-1 illustrates the "Modified Block Cut~ method.

Excess Spoil Disposal

According to OSM regulations, spoil not used in returning the land to
approximate original contour must be hauled and placed in a designated
disposal area. The operator must ensure that leachate and surface
runoff from the fill will not harm the surface waters or groundwater
and the fill area must be suitable for reclamation. The regulations
allow three types of fill design: valley, head-of-hollow, and durable
rock.

A valley fill can be described as follows: a structure located in a
hollow where the fill material has been hauled and compacted into
place with diversion of upstream drainage around the fill. In
addition, according to OSM regulations, valley fills must meet rules
for subdrainage and filter systems.

Head-of-hollow fills are constructed in a manner similar to valley
fills. However, instead of diverting upstream drainage around the
fill, a rock-core chimney, constructed from the toe to the head of the
fill, passes drainage through a fill core. In addition, head-of
hollow fills must completely fill the disposal site to the approximate
elevations of the ridge line (3). Figure X-2 illustrates a head-of
hollow fill.

Durable rock fills represent a third type of valley fill but can be
utilized only if the amount of durable rock (i.e., rocks which do not
slake in water) is 80 percent of the total fill volume. Spoil
material is dumped over a berm located at the head of the fill. The
rock material forms a natural blanket drainway across the bottom of
the fill. A drainage system is required but the regulations leave
design open to the operator (3).
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Reclamation

Proper reclamation techniques play a vital role in overall
environmental quality control for any mining operation. Reclamation
is considered an integral part of the overall mining plan. According
to SMCRA, as contemporaneously as practicable with operations, all
disturbed land shall be reclaimed to a condition equal to or exceeding
any previous use which such lands were capable of supporting
immediately prior to any exploration or mining function. Reclamation
techniques center basically on regrading and revegetation.

Regrading

The purposes of regrading include the following:

(a) Aesthetic improvement of the land surface
(b) Returning the land to usefulness
(c) Providing a suitable base for revegetation
(d) Burial of pollution-forming materials
(e) Reducing erosion
(f) Eliminating landsliding
(g) Encouraging natural drainage
(h) Eliminating ponding
(i) Eliminating hazards, such as high cliffs, deep pits and deep

ponds
(j)Controlling water pollution.

Regrading, as applied to surface mining, is currently defined as that
of reconstructing the approximate original contour. Regrading is
often more difficult in older surface mines where mining was conducted
with less regard to environmental concern. For example, spoil was
often placed without consideration of future regrading requirements.
Contour strip mines in steep terrain create special problems where the
spoil was deposited over the outslope. The terrain becomes difficult
to cover with topsoil prior to regrading. Achieving a suitable
surface for revegetation on abandoned mines becomes complicated
because spoil segregation was rarely practiced. Topsoil usually was
not segregated or stockpiled and pollution-producing materials are
often well mixed throughout the spoil. This emphasizes the importance
of regrading methods such as soil spreading and burying of pollution
forming materials. Revegetation techniques such as soil
supplementation and spoil segregation are also important. Practices
such as water diversion and sealing both underground mine openings and
auger holes in highwalls can eliminate many erosional and/or pollution
problems otherwise encountered during regrading and revegetation.

A major characteristic of most open pit mines or quarries is the large
area required for disposal of overburden and processing wastes.
Usually the required disposal acreage exceeds the actual pit area.
Careful management of topsoil and overburden must be maintained for
later use in land reclamation. Proper disposal of wastes avoids
leaching of toxic materials from waste sites. Revegetation and
regrading techniques help avoid water infiltration and severe erosion
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Erosion and Sediment Control

372

Reveg~tation can be an entire pollution control plan in some
instances, but generally it must be an integral part of more com
prehensive plans that incorporate water diversion, overburden
segregation, and regrading.

revegetation and,
To protect the

that quickgrowing

in landslides and severe
Each of these practices is

major hindrance to
is required by OSM.
regulations require

seeded on the pile.

Past revegetation efforts were primarily concerned with planting
trees. However, to establish vegetative cover adequately, tree
planting must be accompanied by establishment of dense ground covers
of grasses and legumes that are compatible with the local plants and
local environment. Again, OSM regulations specify many facets of
revegetation and reclamation.

The most widely practiced method of erosion control is diversion of
water. Diverting streams and surface runoff to avoid contamination
from mined or disturbed areas is required by OSM. Diversion involves
collection of water before it enters a mine area and conveyance of
that water around or through the mine site to a suitable disposal

Loss of the topsoil is a
therefore, topsoil stockpiling
stockpile from erosion, OSM
annual and perennial plants be

A dense ground cover stabilizes the surface with its root system,
reduces velocity of surface runoff, and functions as a filter to
remove sediment from water flowing over and through it. This
vegetative cover will annually contribute organic matter to the
surface and can greatly reduce erosion. Eventually the soil profile
develops into a complete soil ecosystem. The soil bacteria act as an
oxygen barrier by consuming oxygen as it enters the soil from the
atmosphere. The amount of pollution formed due to oxidation of
materials lying below the soil horizon is thus greatly reduced.

A soil profile also tends to act as a sponge by retaining water near
the surface. The retained water acts as a surface coolant as it
evaporates from the surface. The resulting decrease in surface
temperature enhances ve~etative growth. Additionally, water retained
at the surface or evaporated from the surface does not pass through
underlying spoil material, thereby averting potential pollution
problems.

losses which could eventually result
pollutant loadings in nearby waters.
specified under OSM regulations.

Revegetation

Proper revegetation is one of the most effective pollution and
erosional control methods for surface mined lands. Revegetation
results in aesthetic improvement, and returns land to agricultural,
recreational, or silvicultural usefulness.



area. Structures used for these purposes include diversion dikes,
diversion ditches or swales, diversion pipes, and flumes (4, 5).
Flumes and pipes are used mainly in areas of steep terrain or to carry
water across regraded areas. A dike, a ridge of compacted soil, is
used to simply divert the flow of water, whereas a ditch or diversion
system collects the water and transfers it to a suitable disposal
area. Erosion can also be controlled by reducing the velocity of the
water. This can be done by spreading rip rap over the area, by using
check dams, or by using sandbag or straw bale barriers (see Figure X
3). The establishment of vegetation will also decrease erosion damage.

Diversion techniques are directed toward preventing water from
entering a mined area. Runoff control employs various methods to
handle water after it has reached the mine site. Erosional damage due
to runoff can be effectively and inexpensively controlled by the
establishment of vegetation. In areas where vegetation cannot be
established, rip rap can be used to reduce erosion. Slope reduction
and terracing of embankments are also effective in achieving runoff
control.

In general, diversion and runoff control methods alone are
insufficient to prevent erosion and therefore sedimentation. Methods
of sediment control during active mining are needed to remove
sediments from the runoff before it is discharged.

The most common method of sediment control is the use of sedimentation
ponds. In some cases, certain techniques may be employed to enhance
sedimentation pond performance. One such method is the use of straw
bale dikes (see Figure X-3). This is a replaceable barrier
constructed out of straw bales. The dike intercepts the runoff,
reduces the water's velocity, and detains small amounts of sediment
(4). Another technique is the use of in-pond baffles to reduce short
circuiting and thereby increase retention time.

Water Infiltration Control

Control of surface infiltration involves either isolating waste
material from the water supply or decreasing the surface permeability.
Generally, it is not feasible to isolate the large amounts of waste
material generated by mining operations. Also, the waste material may
be needed as backfill during regrading operations. Under these
conditions, if infiltrating water is causing formation of pollutants,
abatement will require on-site control of infiltration such. as
contained disposal of toxic wastes or decreasing the surface
permeability.

Controlling water infiltration from rainfall and subsurface sources
can be accomplished by placing impervious barriers on or around the
waste material, establishing a vegetative cover, or constructing
underdrains. Impervious barriers, constructed of clay, concrete,
asphalt, latex, plastic, or formed by special processes such as
carbonate bonding, can prevent water from reaching the waste material.
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A. SANDBAG BARRIERS

Figure X.. 3

SEDIMENT TRAPS

Water Sandbag Barrier
Flow

Source: USEPA, Erosion and Sediment Control-Surface Mining
in the Eastern U.S.) 1976.
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A dense vegetative cover has varying effects on infiltration. For
instance, vegetation tends to reduce the velocity of water, thereby
inducing infiltration. Conversely, a vegetative cover will build up a
soil profile, which tends to increase the surface retention of water.
This water is available for evaporation and can result in a net
decrease in the amount of water entering underlying materials.
Vegetation also utilizes large quantities of water in its life
processes (again decreasing the amount of water that will reach the
underlying material). When infiltration is caused by interception of
surface flow, it is usually beneficial to divert the flow. One or
more of the techniques illustrated in the erosion and sediment control
subsection may be employed for this purpose.

Underdrains are often used to control water infiltration after it has
entered the waste material. By offering a qUick escape route, contact
time between water and any pollutant-forming material contained in the
waste is reduced. Also, water flow paths through pollution-forming
materials are shortened. The possibility of a fluctuating water table
is eliminated. Underdrain discharges should be monitored to determine
the nature of pollutants contained therein. Underdrains also serve as
collection points to concentrate diffuse groundwater drainage making
any required treatment of this wastewater more manageable.

Infiltration can also occur via exploration drillholes or via other
holes drilled during mining operations although as preViously
mentioned, OSM regulations require that these drillholes be cased,
sealed or otherwise managed in a manner that avoids drainage into
groundwater.
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SECTION XI

AMENDMENTS TO NEW SOURCE PERFORMANCE STANDARDS (NSPS)

New source performance standards (NSPS) under Section 306 of the Act
are based on the best available demonstrated technology. New mining
facilities have the opportunity to implement the best and most
efficient coal mining processes and wastewater technologies.
Congress, therefore, directed EPA to consider the best demonstrated
process changes and end-of-pipe treatment technologies capable of
reducing pollution to the maximum extent feasible. New source
performance standards were proposed on 13 May 1976 (41 FR 19841) and
19 September 1977 (42 FR 46932) and promulgated on 12 January 1979 (44
FR 2586). The Agency has reviewed these standards and established a
number of new options.

~ OPTIONS CONSIDERED

General Applicability

The alternate limitations during precipitation events and post-mining
discharge limitations apply to all options considered below (the
alternate limitations, though do not apply to the zero discharge
option for coal preparation plants).

Option ~

Require achievement of performance standards in each subcategory based
on the same technology proposed for BAT, including neutralization and
settling for acidic wastewaters. This option is predicated on
application of the same technology proposed for BPT for the acid
drainage and preparation plant and associated areas subcategories.
The alkaline drainage and areas under reclamation subcategories would
be required to meet performance standards based on settling
tec~nology. No additional expenditures would be required from
selection of this option.

Option Two

Require achievement of performance standards based on flocculant
addition. As discussed in Section X, this technology would provide
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some additional reduction of total suspended solids, but would not
provide a cost-effective decrease in toxic pollutant levels, which
were found to be extremely low.

Option Three

Require achievement of performance standards based on granular media
filtration. As in the case of Option TWo, granular media filtration
would provide some additional reduction of solids, but would not
provide a cost-effective decrease in toxic pollutant levels.

Option EQg£

Require achievement of no discharge of process wastewater pollutants
in the coal preparation plant subcategory with one of the other
options selected for the mine drainage sUbcategories. An occasional
purgef subject to BPT limitations, would be allowed when necessary to
reduce the concentration of solids or process chemicals in the water
circuit to a level which will not interfere with the preparation
process or process equipment. Economic and environmental
considerations have already provided the incentive to design processes
in existing preparation plants which partially or completely reuse
process water. The zero discharge requirement would prohibit the
discharge of any pollution-bearing streams from the preparation plant
water circuit, including the treatment system. No storm exemption
would be available.

NSPS SELECTION ~ DECISION CRITERIA

EPA has selected Options One and Four as the basis fo~ final new
source performance standards. The rationale for selecting Option One
was discussed in Section X. In Option Four, the preparation plant
subcategory is separated from the associated areas subcategory for new
sources. Many existing facilities are practicing total recycle of
preparation plant wastewaters, thus zero discharge is a demonstrated
technology for these facilities. Further, this option is feasible for
new sources because treatment system and water management planning can
be implemented from the design phase, eliminating the economic and
technical inefficiency associated with retrofitting. Finally, zero
discharge removes an average of 35 mg/l (monthly average) of TSS f a
parameter regulated under NSPS but not under BAT. Option One will
apply to coal mines and coal preparation plant associated areas.
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SECTION XII

PRETREATMENT STANDARDS

Section 307(b) of the Act requires EPA to promulgate pretreatment
standards for both existing sources (PSES) and new sources (PSNS) of
pollution'which discharge their wastes into publicly owned treatment
works (POTWs). These pretreatment standards are designed to prevent
the discharge of pollutants which pass through, interfere with, or are
otherwise incompatible with the operation of POTWs. In addition, the
Clean Water Act of 1977 adds a new dimension to these standards by
requiring pretreatment of pollutants, such as heavy metals, that limit
POTW sludge management alternatives. The legislative history of the
Act indicates that pretreatment standards are to be technology based
and, with respect to toxic pollutants, analogous to BAT. The Agency
has promulgated general pretreatment regulations which establish a
framework for the implementation of these statutory requirements (see
43 FR 27736, 16 June 1978). EPA is not establishing pretreatment
standards for existing sources (PSES) in the coal mining point source
category at this time nor does it intend to promulgate such standards
in the future (PSNS) since there are no known or anticipated
dischargers to publicly owned treatment works (POTWs). Coal mines are
located in rural areas, often far from population centers and publicly
owned treatment plants. No rational mine operator would choose to
route the high volume mine discharge to a POTW for treatment. This is
true for existing sources and will continue to be true for new
sources, and thus pretreatment standards would be irrelevant and
unnecessary.
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GLOSSARY
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Protection

relating to
conducted.
is being

mines any
the desired

by high-temperature heating
an internal porous particle
used to adsorb organic

acid mine drainage (AMD): Synonomous with "ferruginous mine
drainage." That drainage which before any treatment has a pH of less
than 6.0 or a total iron concentration of more than 10.0 mg/l.

acidity: The quantitative capacity of aqueous solutions to react with
hydroxyl ions (OH-). The condition of a water solution having a pH of
less than 7.

absorption: The process by which a liquid is drawn into and tends to
fill permeable pores in a porous solid body; also the increase in
weight of a porous solid body resulting from the penetration of liquid
into its permeable pores.

acid: A substance which dissolves in water with the formation of
hydronium ion. A substance containing hydrogen which may be displaced
by metals to form salts.

Act: The Federal Water Pollution Control Act, as amended (33 U.S.C.
1251, 1311 and 1314(b) and (c), P.L. 92-500). Also called the Clean
Water Act and amendments through 1977.

acre-foot: A term used in measuring the volume of water that is equal
to the quantity of water required to cover 1 acre, 1 foot deep, or
43560 ft 3 •

Administrator: Administrator of the U.S. Environmental
Agency, whose duties are to administer the Act.

adsorption: The adhesion of an extremely thin layer of molecules (of
gas, liquid) to the surfaces of solids (granular activated carbons for
instance) or liquids with which they are in contact.

activated carbon: Carbon which is treated
with steam or carbon dioxide producing
structure. Activated carbon is often
pollutants and/or remove metal ions.

active mlnlng area: An area where work or other activity
the extraction, removal or recovery of any coal is being
This includes areas where secondary recovery of coal
conducted, but specifically does not include for surface
area of land on or in which grading to return the land to
contour has been completed and reclamation work has be~un.
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anthracite: A hard natural coal of high luster which contains little
volatile matter, and greater than 92% fixed carbon.

The oldest strata are

A subsurface rock formation that is capable of producing

anticline: A fold that is convex upward.
closest to the axial plane of the fold.

aquifer:
water.

asbestos minerals: Certain minerals which have a fibrous structure,
are heat resistant, chemically inert and possessing high electrical
insulating qualities. The two main groups are serpentine and
amphiboles. Chrysotile principal commercial variety. Other

areas under reclamation: A previously surface mined area where
regrading has been completed and revegetation has commenced.

anion exchange process: The reversible exchange of negative ions
between functional groups of the ion exchange medium and the solution
in which the solid is immersed. Used as a wastewater treatment
process for removal of anions, e.g., carbonate.

agglomeration: The coalesence of dispersed suspended matter into
larger floes or particles which settle more rapidly.

alkalinity: The capacity of water to neutralize acids, a property
imparted by the water's content of carbonates, bicarbonates,
hydroxides, and occasionally borates, silicates, and phosphates. It
is expressed in milligrams per liter of equivalent calcium carbonate.

anion: The charged particle in a solution of an electrolyte which
carries a negative charge.

aerated pond: A natural or artificial wastewater treatment pond in
which mechanical or diffused air aeration is used to supplement the
oxygen supply.

aeration: The bringing about of intimate contact between air and
liquid by one of the following methods: spraying the liquid in the
air, bubbling air through the liquid (diffused aeration), agitation of
the liquid to promote surface absorption of air (mechanical aeration).

advanced waste treatment: Any treatment method or process employed
following biological treatment (1) to increase the removal of
pollution load, (2) to remove substances which may be deleterious to
receiving waters or the environment, (3) to produce a high-quality
effluent suitable for reuse in any specific manner or for discharge
under critical conditions. The term tertiary treatment is commonly
used to denote advanced waste treatment methods.

alkaline mine drainage: That mine drainage which before any treatment
has a pH of more than 6.0 and a total iron concentration of less than
10.0 mg/I.



auger: Any drilling device in which the cuttings are mechanically and
continuously removed from the borehole without the use of fluids;
usually used for shallow drilling or sampling.

---------------------------------------_._- _.

best practicable control technology currently available (BPCTCA or
BPT): Treatment required by July 1, 1977 for industrial discharge to
surface waters as defined by Section 301(b) (1) (A) of the Act.

best available demonstrated technology (BADT): Treatment rquired for
new sources as defined by Section 306 of the Act.

anof

actinolite,

solution

water contamination
(mg/l) required by
matter by aerobic

crocidolite,armosite,commercial varieties are
anthophyllite, and tremolite.
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auger mlnlng: Spiral boring for additional recovery of a coal seam
exposed in a highwall.

backfilling: The transfer of previously moved material back into an
excavation such as a mine or ditch, or against a constructed object.

backwashing: The process of cleaning a rapid sand or mechanical
filter by reversing the flow of water.

base: A compound which dissolves in water to yield hydroxyl ions

bench: The surface of an excavated area at some point between the
material being mined and the original surface of the ground on which
equipment can be set, move or operate. A working road or base below a
highwall as in contour stripping for coal.

best available technology economically achievable (BATEA or BAT): The
level of technology applicable to effluent limitations to be achieved
by July 1, 1984, for industrial discharges to surface waters as
defined by Section 301(b) (2) (A) of the Act.

cation: The positively charged particles in
electrolyte.

bituminous: A coal of intermediate hardness containing between 50 and
92 percent fixed carbon.

blowdown: A portion of water in a closed system which is removed or
discharged in order to prevent a buildup of dissolved solids.

carbon absorption: A process utilizing the efficient absorption
characteristics of activated carbon to remove both dissolved and
suspended substances.

biochemical oxygen demand (BOD): A measure of
expressed as the amount of dissolved .oxygen
microorganisms, during stabilization of organic
chemical action.
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The destabilization and initial aggregation of
divided suspended matter by the addition of a

coal pile drainage: Drainage from a coal pile as a result of
percolation or runoff from rainfall.

clarifier: A basin usually made of steel in which water flows at a
low velocity to allow settling of suspended matter.

coagUlation: The treatment process by which a chemical added to
wastewater acts to neutralize the repulsive forces that hold waste
particles in suspension.

coal mine drainage: Any water drained, pumped or siphoned from a coal
mine.

coagUlants: Materials that induce coagulation and are used to
precipitate solids or semi-solids. They are usually compounds which
dissociate into strongly charged ions.

coal mine: An area of land with all property placed upon, under or
above the surface of such land, used in or resulting from the work of
extracting coal from its natural deposits by any means or method
including secondary recovery of coal from refuse or other storage
piles derived from mining, cleaning, or preparation of coal.

chemical coagulation:
colloidal and finely
floc-forming chemical.

chemical oxygen demand (COD): A specific test to measure the amount
of oxygen required for the complete oxidation of all organic and
inorganic matter in a water sample which is susceptible to oxidation
by a strong chemical oxidant.

cationic flocculant: In flocculation, surface active substances which
have the active constituent in the positive ion. Used to flocculate
and neutralize the negative charge residing on colloidal particles.

chemical analysis: The use of a standard chemical analytical
procedure to determine the concentration of a specific pollutant in a
wastewater sample.

chemical precipitation: (I) Precipitation induced by addition of
chemicals. This includes the reaction of dissolved substances such
that they pass out of solution into the solids phase. (2) The
process of softening water by the addition of lime and soda ash as the
precipitants.

clarification: A physical-chemical wastewater treatment process
involving the various steps necessary to form a stable, rapid settling
floc and to separate it by sedimentation. Clarification may involve
pH adjustment, precipitation, coagulation, flocculation, and
sedimentation.



colloids: Suspensions of particles, usually between a nanometer and a
micrometer in diameter, in any physical state. In this size range t~e

surface area is so great compared to the volume that unusual
phenomenon occur, i.e., particles do not settle out by gravity and are
small enough to pass through normal filter membranes (i.e., not
ultrafilters).

composite wastewater sample: A combination of individual samples of
water or wastewater taken at selected intervals, generally hourly for
some specified period, to minimize the effect of the variability of
the individual sample. Individual samples may have equal volume or
may be roughly proportioned to the flow at time of sampling.

concentration, hydrogen ion: The weight of hydrogen ions in grams per
liter of solution. Commonly expressed as the pH value that represents
the logarithm of the reciprocal of the hydrogen ion concentration.

conventional pollutants: pH, BOD, fecal coliform, oil and grease, and
TSS.

crusher, jaw: A primary crusher designed to reduce the size of
materials by impact or crushing between a fixed plate and an
oscillating plate or between two oscillating plates, forming a tapered
jaw.

crUSher, roll: A reduction crusher consisting of a heavy frame on
which two rolls are mounted; the rolls are driven so that they rotate
toward one another. Coal is fed in from above and nipped between the
moving rolls, crushed, and discharged below.

cyclone: (a) The conical-shaped apparatus used in dust collecting
operations and fine grinding applications; (b) A classifying (or
concentrating) separator into which pulp is fed, so as to take a
circular path. Coarser and heavier fractions of solids report as the
apex of long cone while finer particles overflow from central vortex.

data correlation: The process of the conversion of reduced data into
a functional relationship and the development of the significance of
both the data and the relationship for the purpose of process
evaluation.

decLnt structure: Apparatus for removing clarified water from the
surface layers of tailings or settling ponds.

deep mine: An underground mine.

dense-media separation: (a) Heavy media separation, or sink float.
Separation of heavy sinking from light floating mineral particles in a
fluid of intermediate density; (b) Separation of relatively light
(floats) and heavy particles (sinks), by immersion in a bath of
intermediate density.
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settling
of the

time is

denver cell: A flotation cell of the subaeration type, in wide use.
Design modifications include receded disk, conical-disk, and
multibladed impellers, low-pressure air attachments, and special froth
withdrawal arrangements.

denver jig: Pulsion-suction diaphragm jig for fine material, in which
makeup (hydraulic) water is admitted through a rotary valve adjustable
as to portion of jigging cycle over which controlled addition is made.

dependent variable: A variable whose value is a function of one or
more independent variables.

deposit: Mineral, coal or ore deposit is used to designate a natural
occurrence of a useful mineral, coal, or an ore, in sufficient extent
and degree of concentration to permit exploitation.

depressing agent; depressor; depressant: In the froth flotation
process, a substance which reacts with the particle surface to render
it less prone to stay in the froth, thus causing it to wet down as a
tailing product (contrary to activator).

detention time: The time allowed for solids to collect in a
tank. Theoretically, detention time is equal to the volume
tank divided by the flow rate. The actual detention
determined by operating parameters of the tank.

dewater: To remove a portion of the water from a sludge or a slurry.

differential flotation: Separating a raw coal into two or more coals
and pyrites by flotation; also called selective flotation. This type
of flotation is made possible by the use of suitable depressors and
activators.

discharge: Outflow from a pump, drill hole, piping system, channel,
weir or other discernible, confined or discrete conveyance (see also
point source).

discharge pipe: A section of pipe or conduit from the condenser
discharge to the point of discharge into receiving waters or cooling
device.

dispersing agent: Reagent added to flotation circuits to prevent
flocculation, especially of objectionable colloidal slimes. Sodium
silicate is frequently added for this purpose.

dissolved solids: Theoretically, the anhydrous residues of the
dissolved constituents in water. Actually, the term is defined by the
method used in determination. In water and wastewater treatment, the
Standard Methods tests are used.

disturbed area: An area which has had its natural condition altered
in the process of mining coal, preparing coal, or other mine related
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activities. This includes but is not limited to all areas affected by
grubbing and topsoil removal; road construction; construction of mine
facilities; coal mining, reclamation and preparation activities;
deposition of topsoil, overburden, coal or waste materials, etc.
These areas are classified as "disturbed" until said areas have been
returned to approximate original contour (or post-mining land use) and
topsoil (where appropriate) has been replaced.

dragline: A piece of excavating equipment which employs a cable-hung
bucket to remove overburden.

drift: A deep mine entry driven directly into a horizontal or near
horizontal mineral seam or vein when it outcrops or is exposed at the
ground surface.

effluent: Liquid, such as wastewater, treated or untreated which
flows out of a unit operation, reservoir or treatment plant. The
influent is the incoming stream.

eluate: Solutions resulting from regeneration (elution) of ion
exchange resins.

eluent: A solution used to extract collected ions from an ion
exchange resin or solvent and return the resin to its active state.

embankment (or impoundment): Storage basin made to contain wastes
from mines or preparation plants.

erosion: Processes whereby solids are removed from their original
location on the land surface by hydraulic or wind action.

filter, granular: A device for removing suspended solids from water,
consisting of granular material placed in a layer(s) and capable of
being cleaned by reversing the direction of the flow.

filter, ,rapid sand: A filter for the purification of water which has
been previously treated, usually by coagulation and sedimentation.
The water passes downward through a filtering medium consisting of a
layer of sand, prepared anthracite coal or other suitable material,
usually from 24 to 30 inches thick and resting on a supporting bed of
gravel or other porous medium. The filtrate is removed by an
underdrain system. The filter is cleaned periodically by reversing
the flow of the water upward through the filtering medium; sometimes
supplemented by mechanical or air agitation during backwashing to
remove mud and other impurities that are lodged in the sand.

filter, vacuum: A filter consisting of a cylindrical drum mounted on
a horizontal axis, covered with a filter cloth revolving with a
partial submergence in liquid. A vacuum is maintained under the cloth
for the larger part of a revolution to extract moisture and the cake
is scraped off continuously.
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flume: An open channel or conduit on a prepared grade.

filtration: The process of passing a liquid through a filtering
medium for the removal of suspended or colloidal matter.

alters the surface
The reagents used in
slime dispersants,

agents, collectors,

processes to make air
by reducing surface

creyslic acid, and amyl

in flotation
principally
pine oil,

frother(s): Substances used
bubbles sufficiently permanent
tension. Common frothers are
alcohol.

flow model: A mathematical model of the effluent wastewater flow,
developed through the use of multiple linear regression techniques.

flow rate: Usually expressed as liters/minute (gallons/minute) or
liters/day (million gallons/day). Design flow rate is that used to
size the wastewater treatment process. Peak flow rate is 1.5 to 2.5
times design and relates to the hydraulic flow limit and is specified

flotation agent: A substance or chemical which
tension of water or which makes it froth easily.
the flotation process include pH regulators,
resurfacing agents, wetting agents, conditioning
and frothers.

froth, foam: In the flotation process, a collection of bubbles
resulting from agitation, the bubbles being the agenct for raising
(floating) the particles of coal or are to the surface of the cell.

final contour: The surface shape or contour of a surface mine (or
section thereof) after all mlnlng and earth moving (regrading)
operations have been completed.

fine: Fines is a term that refers to the size of a pacticle. They
are approximately between -100 and -200 mesh.

floc: A very fine, fluffy mass formed by the aggregation of fine
suspended particles.

flocculants: Any substance which will cause flocculation. They are
specifically useful in wastewater treatment. Lime, alum, and ferric
chloride are examples of inorganic flocculants and polyelectrolytes
are organic flocculants.

flocculate: To cause to aggregate or to coalesce into small lumps or
loose clusters, e.g., the calcium ion tends to flocculate clays.

flocculation: In water and wastewater treatment, the agglomeration of
colloidal and finely divided suspended matter after coagulation by
gently stirring by either mechanical or hydraulic means.

flotation: The method of coal or mineral separation in which a froth
created in water by a variety of reagents floats some finely crushed
coal or minerals, whereas pyrites and other minerals sink.



heavy-media separation: See dense-media separation.
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grab sample: A single sample of wastewater taken at neither a set
time nor flow.

The science that relates to the water systems of the

independent variable: A variable whose value is not dependent on the
value of any other variable.

gravity separation: Treatment of coal or mineral particles which
exploits differences between their specific gravities. Their sizes
and shapes also playa minor part in separation. Performed by means
of jigs, classifiers, hydrocyclones, dense media, shaking tables,
Humphreys spirals, sluices, vanners and briddles.

grinding: (a) Size reduction into relatively fine particles. (b)
Arbitrarily divided into dry grinding performed on coal or mineral
containing only moisture as mined, and wet grinding, usually done in
rod, baIlor pebble mills with added water.

groundwater table (or level): Upper surface of the underground zone
of saturation.

for each plant. Flow rates can be mixed as batch and continuous where
these two treatment modes are used in the same plant.

frequency distribution: An arrangement or distribution of quantities
pertaining to a single element in order of their magnitude.

grout: A fluid mixture of cement, sand (or other additives) and water
that can be poured or pumped easily.

hydrocyclone: A cyclone separator in which a spray of water is used.

hydroclassifier: A machine which uses an upward current of water to
remove fine particles from coarser material.

hydrology:
earth.

hardness: A characteristic of water, imparted by salts of calcium,
magnesium, and iron, such as bicarbonates, carbonates, sulfates,
chlorides, and nitrates, that causes curdling of soap, deposition of
scale in boilers, damage in some industrial process, and sometimes
objectionable taste. It may be determined by a standard laboratory
procedure or computed from the amounts of calcium and magnesium as
well as iron, aluminum, manganese, barium, strontium, and zinc, and is
expressed as equivalent calcium carbonate.

highwall: The unexcavated face of exposed overburden and coal in a
surface mine or the face or bank on the uphill side of a contour strip
mine excavation.



influent: The liquid, such as untreated or partially treated
wastewater, which flows into a reservoir, process unit, or treatment
plant. The effluent is the outgoing stream.

in-plant control: Those treatment techniques that are used to reduce,
reuse, recycle, or treat wastewater prior to end-of pipe treatment.

ion: A charged atom, molecule or radical, the migration of which
affects the transport of electricity through an electrolyte.

ion exchange: A chemical process involving reversible interchange of
ions between a liquid and solid but no radical change in the structure
of the solid.

JIg: A machine in which the feed is stratified in water by means of a
pulsating motion and from which the stratified products are separately
removed, the pulsating motion being usually obtained by alternate
upward and downward currents of the water. jigging: A process used
to separate coarse materials in the coal or ore by means of
differences in specific gravity in a water medium.

lagoon: Man-made ponds or lakes usually 4 feet deep (or up to 18 feet
if aerated) which are used for storage, treatment, or disposal of
wastes. They can be used to hold wastewater for removal of suspended
solids, to store sludge, cool water, or for stabilization of organic
matter by biological oxidation. Lagoons can also be used as holding
ponds, after chemical clarification and to polish the effluent.

lignite: A carbonaceous fuel ranked between peat and bituminous coal.

lime: Any of a family of chemicals consisting essentially of calcium
hydroxide made from limestone (calcite) which is composed almost
wholly of calcium carbonate or a mixture of calcium and magnesium
carbonates.

lime slurry: A form of calcium hydroxide in aqueous suspension that
contains free water.

linear regression: A method to fit a line through a set of points
such that the sum of squared vertical deviations of the point values
from the fitted line is a minimum, i.e., no other line, no matter h~w

it is computed, will have a smaller sum of squared distances between
the actual and predicted values of the dependent variable.

magnetic separator: A device used to separate magnetic from less
magnetic or nonmagnetic materials.

mathematical model: A quantitative equation or system of equations
formulated in such a way as to reasonably depict the structure of a
situation and the relationships among the relevant variables.

mean value: The statistical expected or average figure.
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A data observation located at the 50th percentile ormedian value:
the midrange.

mesh size (activated carbon): The particle size of granular activated
carbon as determined by the U.S. Sieve series. Particle size
distribution within a mesh series is given in the specification of the
particular carbon.

milligrams per liter (mg/l): This is a mass per volume designation
used in water and wastewater analysis.

minable: (a) Capable of being mined. (b) Material that can be mined
under present day mining technology and economics.

mine: (a) An opening or excavation in the earth for the purpose of
excavating minerals, coals, metal ores or other substances by digging.
(b) A word for the excavation of minerals by means of pits, shafts,
levels, tunnels, etc., as opposed to a quarry, where the whole
excavation is open. In general the existence of a mine is determined
by the mode in which the mineral is obtained, and not by its chemical
or geologic character. (c) An excavation beneath the surface of the
ground from which mineral matter of value is extracted.

mine drainage: Mine drainage usually implies gravity flow of
wastewater from coal mining to a point away from the mining operation.
However, this term encompasses any wastewater emanating from a coal
mining or preparation operation.

mixed-media filtration: A filter which uses two or more filter
materials of differing specific gravities selected so as to produce a
filter uniformly graded coarse to fine.

mulching: The addition of materials (usually organic) to the land
surface to curtail erosion or retain soil moisture.

multiple linear regression: A method to fit a plane through a set of
points such that the sum of squared distances between the individual
observations and the estimated plane is a minimum. This statistical
technique is an extension of linear regression in that more than one
independent variable is used in the least squares equation.

neutralization: Adjustment of pH by the addition of acid or alkali
until a pH of about 7.0 is achieved. See pH adjustment.

new source: Any point source, the construction of which is begun
after the publication of proposed Section 306 regulations.

new source performance standard (NSPS): Performance standards for the
industry and applicable new sources as defined by Section 306 of the
Act.
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permeability: Capacity for transmitting a fluid.

normalized coefficients: Regression constants whose magnitudes are
referenced to some value.

solvent through a
lower to one of higher

pH: A measure of the acidity or alkalinity of an aqueous solution,
generally expressed in terms of the hydrogen ion considered an acidic
solution; and above 7 it is considered an alkaline solution.

oxidized zone: In coal mining, that portion of a refuse pile near the
surface, which has been leached by percolating water carrying oxygen,
carbon dioxide or other gases.

pH adjustment: Treatment of wastewater by the addition of an acid or
alkali to effect a change in the pH or hydrogen ion concentration.
Alkalis such as lime (CaO), limestone (CaCO~), caustic soda (NaOH), or
soda ash (NazCO~), which supply hydroxyl ions are used to adjust
acidic streams while an acid, usually sulfuric (H 2 S04 ) or hydrochloric
(HCI) reacts with alkaline streams by supplying hydrogen ions. The pH

open-pit mining, open cut mining: A form of operation designed to
extract coal or minerals that lie near the surface. Waste, or
overburden, is first removed, and the coal or mineral is broken and
loaded.

osmotic pressure: The equilibrium pressure differential across a
semipermeable membrane which separates a solution of lower from one of
higher concentration.

outcrop: The exposing of bedrock or strata projecting through the
overlying cover of detritus and soil.

outfall: The point or location where sewage or drainage discharges
from a sewer, drain or conduit.

overburden: Material of any nature, consolidated or unconsolidated,
that overlies a deposit of useful materials (i.e., coal, ores, etc.).

overflow: Excess water discharged from the treatment system.

oxidation: The addition of oxygen to a chemical compound, or any
reaction which involves the loss of electrons from an atom.

osmosis: The process of diffusion of a
semipermeable membrane from a solution of
solute concentration.

NPDES permits: National Pollutant Discharge Elimination System
Permits are issued by the EPA or an approved state program" in order to
regulate point-source discharge to public waters.

nonconventional pollutants: Chemical or thermal pollutants,
principally defined by not being a conventional or toxic pollutant.



of an effluent is adjusted to a range of 6 to 9 to make it suitable
for discharge.

pH modifiers: Proper functioning of a cationic or anionic flotation
reagent is dependent on the close control of pH. Modifying agents
used are soda ash, sodium hydroxide, sodium silicate, sodium
phosphates, lime, sulfuric acid, and hydrofluoric aciQ.

pH value: A scale for expressing the acidity or alkalinity of a
solution. Mathematically, it is the logarithm of the reciprocal of
the gram ionic hydrogen equivalents per liter. Neutral water has a pH
of 7.0 and hydrogen ion concentration of 10- 7 moles per liter.

physical-chemical treatment: In this study, it is taken to mean a
method of treating wastewater by the addition of chemicals to
physically separate the pollutant from a stream, usually by
precipitation, followed by settling or flotation of the wastes. To
accomplish this, several processes may be utilized such as pH
adjustment, reduction of hexavalent chromium, heavy-metal
precipitation, coagulation, flocculation, and clarificaiton by
settling.

point source: Any discernible, confined and discrete conveyance,
including but not limited to any pipe, ditch, channel, tunnel,
conduit, well, discrete fissure, container, rolling stock,
concentrated animal feeding operation, or vessel or other floating
craft, from which pollutants are or may be discharged.

preparation plant: A facility that cleans, sizes and upgrades run-of
mine coal thereby creating a final coal product prior to shipping or
consumption, and facilities (i.e., slurry pond, fresh water pond,
conveyances) directly associated with the recycling or discharge of
waters used during the "preparation» of coal.

preparation plant ancillary or associated areas: Areas that are
interrelated with coal preparation or coal load out activities but do
not include the preparation plant building and the preparation plant
water recycle/discharge system. Said areas include but are not
limited to ancillary bUildings associated with coal preparation;
disturbed areas in proximity to the preparation plant or related
preparation activities; coal stockpiles; coal refuse storage areas;
coal haulroads and refuse haulroads in proximity to the preparation
plant or coal refuse storage site; treatment systems designed to
handle runoff or seepage from preparation plant »disturbed" areas, or
coal refuse piles etc.

priority pollutants: Those pollutants included in Table of
Committee Print Numbered 95-30 of the "Committee on Public Works and
Transportation of the House of Representatives," subject to the Clean
Water Act of 1977, and included in Table VI-l of this document.

pyrites: Mineral group composed of iron and sulfur found in coal
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runoff: That part of precipitation that flows over the land surface
from the area upon which it falls.

single equation,
linear regression

A mathematical model, usually a
the use of a least squares

room and pillar mining: A system of mining in which the
distinguishing feature is the mining of 50 percent or more of the coal
in the first working. The coal is mined in rooms separated by narrow
ribs (pillars); the coal in the pillars can be extracted by subsequent
working in which the roof is caved in successive blocks.

sampler: A device used with or without flow measurement to obtain any
adequate portion of water or waste for analytical purposes. May be
designed for taking a single sample (grab) ,composite sample,
continuous sample, or periodic sample.

residuals: The differences between the expected and actual values in
a regression analysis.

regression model:
developed through
analysis.

refuse pile: Waste material from a preparation plant. The material
includes pyrites, ash, and water or chemicals used in cleaning the
coal.

reserve: That part of an identified resource from which a usable
mineral and energy commodity can be economically and legally extracted
at the time of determination.

reverse osmosis: The process of diffusion of a solvent through a
semipermeable membrane from a solution of higher to one of lower
solute concentration, effected by raising the pressure of the more
concentrated solution to above the osmotic pressure.

riprap: Rough stone of various sizes placed compactly or irregularly
to prevent erosion.

reclamation: The procedures by which a disturbed area can be reworked
to make it productive, useful, or aesthetically pleasing, consisting
primarily of regrading and revegetation.

reduction: A chemical reaction which involves the addition of
electrons to a species.

reagent: A chemical or solution used to produce a desired chemical
reaction; a substance used in flotation.

rank of coal: A classificatfon of coal based upon the fixed carbon on
a dry weight basis and the heat value.

raw mine drainage: Untreated or unprocessed water drained, pumped or
siphoned from a mine.
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settling pond: A pond, natural or artificial, for recovering solids
from an effluent.

scarification: The process of breaking up the topsoil prior to
mining.

Locations where several flow samples are tappedsampling stations:
for analysis.

sediment: Solid material settled from suspension in a liquid medium.

sedimentation: The gravity separation of settleable, suspended solids
in a settling basin or lagoon.

settleable solids: (1) That matter in wastewater which will not stay
in suspension during a preselected settling period, such as 1 hour but
either settles to the bottom or floats to the top. (2) In the Imhoff
cone test, the volume of matter that settles to the bottom of a 1
liter cone in 1 hour.

Settlement Agreement of June 7, 1976: Agreement between the U.S.
Environmental Protectfon Agency (EPA) and various environmental
groups, as instituted by the United States District Court for the
District of Columbia, directing the EPA to study and promulgate
regulations for a list of chemical substances, referred to as Appendix
A Pollutants.

significance: A statistical measure of the validity, confidence, and
reliability of a figure.

sludge: Accumulated solids separated from a liquid during processing.

sluice: To cause water to flow at high velocities for wastage, for
purposes of excavation, ejecting debris, etc.

slurry: Solid material conveyed in a liquid medium.

spoil material: Overburden that is removed from above the coal seam;
usually deposited in previously mined areas.

statistical variance: The sum of the squared deviations about the
mean value in proportion to the likelihood of occurrence. A measure
used to identify the dispersion of a set of data.

subsidence: Surface depression created by caving of the roof material
in an underground mine,

sump: Any excavation in a mine for the collection of water for
pumping.

suspended solids: (1) Solids which either float on the surface of or
are in suspension in water, wastewater, or other liquids, and which
are removable by a .45 micron filter. (2) The quantity of material
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table, air: a Vibrating, porous table using air currents to effect
gravity concentration of sands or other waste material from coal.

The younger strata are

Numerical values identifying the acceptable range

Is a measure of the amount of light passing through a
water, which is directly related to the suspended solids

tolerance limits:
of some variable.

turbidity:
volume of
content.

terracing: The act of creating horizontal or near horizontal benches.

thickener: A vessel or apparatus for reducing the amount of water (or
conversely, increasing the concentration of settled material)in a
wastewater stream.

weir: An obstruction placed across a stream for the purpose of
diverting the water so as to make it flow through a desired channel,
which may be an opening or notch in the weir itself.

yellowboy: Salt of iron and sulfate formed by treating acid mine
drainage (AMD) with lime; FeS04 •

syncline: A fold that is concave upward.
closest to the axial plane of the fold.

surface active agent: One which modified physical, electrical, or
chemical cha~acteristics of the surface of solids and also surface
tensions of solids or liquid. Used in froth flotation (see also
depressing agent, flotation agent).

removed from wastewater in a laboratory test, as prescribed in
"Standard Methods for the Examination of Water and Wastewater" and
referred to as nonfilterable residue, measured in mass per unit volume
(e. g ., mg/l).
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INTRODUCTION

This appendix consists of the following three reports all concerning
the results of the 308 industry self-monitoring survey:

1) IICoal Mining Industry Self-Monitoring Program" by Radian Corporation,
1981.

2) IIReassessment of the Self~Monitoring Data Base According to
the Amended 10-Year, 24-Hour Pond Design Volume for Coal Mines",
by EPA, 1982.

3) "Statistical Support for the Proposed Effluent Limitation of
0.5 mlll for Settleable Solids in the Coal Mining Industrial
Category", by EPA, 1982.

The first report summarizes and evaluates the data obtained from an
industry self-monitoring survey. This evaluation determined that 0.5
mlll settleable solids was an appropriate effluent limitation for reclamation
areas and for active mines during storms equal to or less than the 10-
year, 24-hour precipitation event. The technology on which this effluent
limitation was based was a la-year, 24-hour pond as defined in the January
13, 1981 proposal to the coal mining industry. The language in this
proposal required that the treatment facility·s design, construction,
operation, and maintenance be based upon water draining into it, including
waters from the undisturbed (virgin) area and inactive (reclaimed) area,
in addition to the active mining area. Twenty-four ponds submitted data
in this survey, 7 of which were determined to be la-year, 24-hour ponds.
The analysis upon which the 0.5 mlll limitation was established was
based, though, on 6 of these 7 ponds because one was considered to be
improperly operated and designed.

The January 13, 1981 proposal was amended on May 26, 1981. This
amendment modified the design volume of a pond by excluding from consideration
waters from undisturbed areas which drain into the treatment facility.
The data base submitted by the 24 ponds was therefore reevaluated and it
was determined that elevenkather than six ponds were la-year, 24~hour

ponds according to the new definition. The second report presents the
calculations and results of this reevaluation.

The third report presents the statistical evaluation performed on
the data submitted by these eleven la-year, 24-hour ponds which determined
that 0.5 ml/l is within EPA's 99th percentile criterion for establishing
effluent limitations.
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1.0 INT.R9DUCTION

On 12 January 1979, EPA (the Agency) proposed areas
under reclamatioD &S & separate subcategory for establishment of
effluent limitations. Also, the Agency published, during the
spring and summer of 1979, 8 number of notices in the Federal
~egister regarding a storm relief provision for sedimentation
ponds at coal mines. Both areas were reserved pending further
data base development. To augment the data bases for these two
areas, the Agency instituted two studies.

The first is a currently ongoing study jointly spon
sored with the Office of Surface Mining, Reclamation and Enforce
ment (OSH). Approximately 39 mine sites have been identified for
8 survey of reclamation and sediment control techniques, includ
ing sediment pond performance. Eight sites have been designated
for more intensive study and sample collection. As data from
this study become available, the results will be evaluated.

The second study 1s the subject of this report. EPA is
granted authority under Section 308 of the Clean Water Act Amend
ments of 1977 to 'Tequire the owner or operator of any point
source to ••• install, use, and maintain monitoring equipment
or methods • • • and sample effluents (in accordance with such
methods, at such locations, at such intervals, and in such manner
as the Administrator shall prescribe)" for the purpose of devel
oping effluent limitations under the Act. The Agency utilized
this authority in establishing. an industry self-monitoring survey
at 23 mine reclamation ponds around the country.

The results of both these studies will be used to
establish actual pond performance data and, ultimate1,. to form
part of the basis for develo,pment of effluent limitations for
areas under reclamation and for' storm eventl. A summary and the
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conclulioaa are presented in Sectlon 2.0. Backaround lnformatlon
for the atudy 1. presented in Sectlon 3.0. and the analytical
data and • discus. ion of the result, are presented in Section
4.0.
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2.0 SUMMARY AND CONCLUSIONS

The data collection portion of this study commenced in
September 1979 and concluded in September of 1980. The set of
instructions for each industry participant appears in Appendix A.
Industry participants were requested to submit design criteria, a
topographic map, and a photograph or slide for each pond. In
addition, samples collected during each month were to be analyzed
by the participants for total suspended solids. settleable
solids, total and dissolved iron. and pH by EPA-approved analyti
cal methods. These data with pertinent rainfall information were
to be submitted to EPA on a monthly basis. Also, certain samples
were to be split and one of the splits transported to EPA analyt
ical laboratories in Denver, Colorado. In Denver, the samples
were analyzed for iron, manganese; and the 13 toxic metals.
After the first six months' results from these split samples were
reeeived, continuation of this part of the program was deemed
unneeessary and was terminated in April 1980.

As shown in Table 2-1, industry complianee was scat
tered, with some facilities providing all requested information
and others providing little. The gaps in the data rendered con
sistent analyses more difficult. Moreover, data submitted on
monthly reporting sheets by certain facilities were sometimes
incomplete or incorrectly reported. Certain facilities (182 and
192) could not provide samples because no discharge occurred.
These facilities are located in the West Where more arid con
ditions prevail or where extended periods of freezing tem
peratures are commOD.

Nineteen ponds provided data for ana1ys18 of toxic
metals and settleable and suspended salida. Reviewing the design
information, aeven of these 19 were adequately 'sized to handle
the runoff from a 10-year, 24-hour storm. Subsequent analysis
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TABLE 2-1

SUMMARY OF INDUSTRY RESPONSES AND DATA SUBMITTALS

Monthly Data Submittals

Design
Information 1979

Facility Pond Submitted? Discharged? ocr NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP ocr NOV

15 1 Yes Yes X X X X X X X X X X
0 0 0 0 0

15 2 Yes Yes X X X X X X X X X X
0 0 0 0 0

25 3* No Yes X X X
0 0 0

25 4 Yes Yes X X X X X X X
0

25 7 Yes Yes X X X X X X X X X
>
I

33 1 Yes Yes X X X X X...... X X X X X
~ 0 0 0 0 0

35 2 Yes Yes X X X X X X X X X X
0 0 0 0

37 6 Yes Yes X X X X X X X X X X X
0 0 0 0 0

38 19 Yes Yes X X X X X X
0

85 1 Yes Yes X X X X X X X X X X
0 0 0 0 0 0

101 2 Yes Yes X X X X X X X X X X
0 0 0 0 0 0 ...

123 3 Yes Yes X X X X X X X
0 0 0 0

181 99 Yes Yes X X X X X X X X

0 0 0 0
182 1 Yes No

182 2 Yes No



TABLE 2-1 - Continued

SUMMARY OF INDUSTRY RESPONSES AND DATA SUBMITTALS

Monthly Data Submittals

Design
Information 1979

Facility Pond Submitted? Discharged? OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV

183 1 Yes Yes X X X X X X X X X X X X
0 0 0 0 0 0

184 7 Yes Yes X X X X X X X X X X X
0 0 0 0 0

185 4 Yes Yes X X X X X X X X
0 0

):- 186 2 Yes Yes X X X X X X X X X X X
I 0 0 0 0 0

...... 187 1 Yes Yes X X X X X X X X X X XIJ1
0 0 0 0 0

191 55 Yes Yes X X X X X X X X X
0 0 0 0

191 18 Yes Yes X X X X X X X X X
0 0 0 0

192 4 Yes No

192 6 Yes No

X - Data supplied by industry.
o - Data supplied by EPA laboratories.
* - Pond 3 was replaced by pond 4 at facility 25 in March 1980.



•

•

•
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Results from the study support the following conclu-

The data indicated that, on a daily basis, total
suspended solids of 70 mg/l in reclamation area
disCharges cannot be consistently achieved, espe
cially during rainfall event.;

Settleable solids effluent values were reported at
zero or Dot detectable levels in 92 percent and 81
percent of the reported cases for dry and wet condi
tion., respectively;

Settleable solids detection limit was reported as
0.1 al/1 in over 93 percent of the eases Where
a "Qot detected" value was recorded, i.8., <0.1
mill.

• A daily maximum limitation of 0.5 mlll represents
an achievable settleable solids limitation; pond
volume was found to be a relevant factor in achiev
ing this limitation. All ponds in this study with
proper design and volume large enough to contain
the lO-year. 24·hour storm always achieved the
0.S.ml/1 aettleable solids limitation regardless
of any other factora, IncJuding weather; and

• Toxic metal. were not found in concentrations in
pond effluents significantly above their limit of
detection.

• Variations in total suspended solids in influent
streams appear to depend on differences in weather
conditions, drainage area size, soil type, ground
cover, degree of reseeding, and other site-specific
factors.

• Pond performance 1s closely linked with design
and operatioD;

• lone :

showed on. of these, pond 1 at facility 101, to be poorly
designed in other aspect.. These screening procedure. thus
fielded six ponds that were prope~ly designed to contain the
lO-year, 24-hour event, and 13 that were Dot.



• Although ooly four to six of the facilities treated
active area drainage (e.g., pit pumpage) in the
ponds. in eve~ ease during rainfall these ponds
achieved the 0.5 ml/l settleable solids limitation.
Ba$ed OD the data received to date. active area
sedimentation facilities could also consistently
achieve the 0.5 mlll settleable solids limitation
during periods of rainfall less than the lO-year.
24-hour storm.
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3.0 SAMPLING AND ANALYSIS PROGRAM

3.1 Self-Monitoring Studz

The purposes of this study include:

(1) Establish data for regulation development within
the reclamation subcategory

(2) Augment current data on sedimentation pond
performaace

(3) Link pond performance to pond design

(4) Establish data on pond performance during and
immediately after precipitation events.

To assemble a representative data base, the coal mining
industry was reviewed for the number of facilities where reclama
tion i8 occurring- There are some 2,600 surface mines currently
in operation, so this represents the target population. Most of
these mines are very small, with no full time environmental or
water management staff_ It 1s doubtful that sufficient personnel
and laboratory resources would be available at these small mines
for participation in this program. Therefore. the focus of the
.tudy was on lurface mines operated by large, well established
mining compani•••

To select the facilities, the mines were screened
according to the following criteria:

• Location

• Topography

• Existence of ponds serving reclamation
are••

• Sufficient resources to conduct program

• Coat to industry participant.

• Participation and cooperation of facility and/or
miniD& company 1n previous EPA ~tudie ••
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These criteria were applied in conjunction with EPA and its con
tractor'. knowledge of the candidate facilities, and in consulta
tion with the industry trade association. the National Coal
Association. One additional constraint was the available time
for collection, analysil, and reporting of the data, since the
Agency is .ubJect to schedules for regulatory proposals estab
lished by the Clean Vater Act and the 1976 Consent Decree.

This process resulted in the selection of 23 ponds at
17 separate facilities. Although this is a small percentage of
the total population, the results and conclusions can be reliably
applied to the otber mining facilities. !his is because the
variation of sediment load to anyone pond over the period of a
year 1s much greater than the variation from pond to pond. Thus
the large majority of potential conditions that could be expected
at a surface mine will have been encountered during the course of
this study.

Twelve coal mining companies owning the 17 facilities
were contacted in September 1979. Two of the facilities were
reported to have little or no discharge during the study, and
thus were excluded frpm further participation. Facility person
nel sampled on a weekly basis the influent and effluent to each
pond. Additional samples were collected the day of a rainfall
event and the day after the event. Flow rate of the discharge
was measured or estimated at the time of sampling. To correlate
the data with the pond des!&n, the Asency allo requested that
each company submit design data for each pond beiDS monitored.
An example of the data request form sent to each company may be

found in Appendix A.
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3.2 Facilities SamEled

A total of 19 ponds were sampled at 15 facilities.
These ponds primarily receive runoff from virgin areas (acreage
where no disturbance by the mining company has occurred) and
areas under reclamation (areas that have been regraded and
revegetated). The mine locations, number of ponds sampled, and
facility codes are listed in Table 3-1.

3.3 Analysis Program

The samples collected by each participant were analyzed
by the pa~ticipant for the following parameters:

• Total suspended solids

• Settleable solids

• pH

• Total b;on

~ Dissolved iron.

Some samples were split, with one of the splits sent to EPA
Denver laboratories. These split samples were given a code
number by the company to permit matching of the samples after
analyses were completed.

The EPA laboratory analyzed each sample for the follow-
ing parameters:

• Total suspended solids

• Total iron

• Total mangane8~

• Dissolved irOD

A-21



Table 3-1

FACILITIES SAMPLED

Number of Mine
LocatioD Pond. Code Number

Pennsylvania 1 186

Pennsy!vania I 187

West Virgin1a 2 IS

West Virginia 1 183

West Virginia 1 184

We s t Virginia I 185

Kentucky 1 38

Kentucky 1 181

Ohio 2-31 25

Ohio 1 101

Indiana 2 33

Il11noi. 1 37

Il11noi. 1 8S

Illinoi, 1 123

Alabama 2 191

Kontana2 2 182

Wyomiaa2 2 192

23

IFacility 25 lubstituted one of the ponds sampled midway
through the study_

2These facilities apparently had little or DO discharge of
water during the atudy_
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The metals were analyzed by inductively"coupled argon plasma
spectroscopy (lCAP).

• Average slope of drainage area

• type o! .011 and cover

Effluent Guide..
An example of

Drainage area acreage
--virgin
--disturbed

•

• Dissolved mangan•••

• Total and dissolved toxic metal•• including

--antimony
--arsenic
- -beryllium
--cadmium
--chromium
--copper
--lead
--mercury
--nickel
--.elenium
--silver
-thallium
--zinc.

Monthly reports were submitted to the
lines Division on forms provided by the Agency.
this form is provided in Appendix A.

The Agency requested the companies to provide design
data. a topographic map. and photographs for each pond included
as a part of this study. These design parameters can be linked
to performance of the pond. both in the long·term and for shock
loads resulting from, for example, storm runoff. The form used
to request this information may also be found in Appendix A.
Major design parameters requested include:

3.4 Pond Design Data



• Surface area, average depth, and volume of aedimeo-
ta t iOD poDd.

• Design and occupied sediment Itorase volume

• Design detentioD time

• Dewatering device

• Embankment height and wid~h.

The lalt five of the•• design factora had correspondiDI
criteria promulgated on 13 March 1979 by the Department of the
Interior'. Office of Surfaee Miniul. aeclamation, and Enforcement
(OSH) under authority of the Surface Minins Control and Reclama
tion Act of 1977 (SHClA). On 31 December 1979, OSK luspeadad
certain of these design criteria pending further Itudy. In part,
these were the specific standards for minimum sediment ~torag.
volume and minimum hydraulic detentioD tlme. However, the basic
requirement that the pond be adequately sized to hold the undl
verted water resulting from a IO-year. 24-hour precipitation
event remained intact. For the purpose. of this 'Cudy, the
suspended aSH criteria were examined to allow. first assessment
of pond design. The consistent use of this uniform .et of
criteria for all ponds .1so permitted comparisons between ponda
in terms of achievable effluent quality. The OSH criteria and
requirements are discussed below.

Surf.e. Area. Average Depth. and Volume of the Pond

Ooly the volume of the pond 1. regulated. It mUlt be
sized to hold the runoff resulting from a IO-year, 24-hour pre
cipitation eveDt.
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Sediment Storage

Minimum sediment storage allowable in a pond 1s either
three year. of sediment computed by using accepted methods, ~
0.1 acre-feet of sediment per acre of disturbed land. If on-site
control methods such as check dams and grass filters can be shown
to limit sediment delivery from the disturbed land, sediment
storage as low as 0.035 acre· feet of sediment per acre of dia
turbed land can be used if approved by the regulatory authority.
Further, sediment must be removed from the pond when 60 percent
of the design storage volume has been occupied.

Design Detention Time

Minimum theoretical detention time to be prOVided by
sedimentation ponds 1s 24 hours for a lO-year, 24-hour event. A
detention time as low &s 10 hours may be approved if any or all
of the following techniques or conditions are used and are shown
not to reduce pond .fflcieney:

Ca) Improved pond design

Cb) Special sediment characteristics occur

(e) Chemical treatment is used.

Dewaterinl Device

A dewatering device must be used to remove the detained
water in the designed time period and must always remain above
the aediment storage level.

Embankment Height and Width

The embankment top must be at least 1.• 0 foot above the
maximum water' level dur1na • 25-year. 24-hour precipitation
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event. The top width of the embankment must be at least (8 +
35)/5, where B 1s the height 1n feet from the upstream toe to the

t~.

The design data submitted by the companies are pre
aented in detail in the next .ection.
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4.0 RESULTS

In this section the pond design data submitted by each
company are presented and discussed. The analytical results from
the industry sampling program are also tabulated and linked to
pond des igo.

4.1 Pond Design Data

Incomplete information was often submitted by the
industry participants regarding pond design factors. The avail
able data are summarized in Table 4-1. In general, the results
show that the ponds are in compliance with most of the OSH stan
dards. Fourteen ponds. however, did not prOVide the OSM design
storage volume for the runoff area. while an additional three
were between the lower and upper bounds for adequate storage
volume. Thus. only six ponds were designed properly.

The most significant pond design variable is the deten
tion time. which is, among other factors. a function of the pond
volume. In cognizance of this, both OSM and EPA have linked the
storm exemption provisions to design, construction, and mainte
nance of ponds of a certain volume. As indicated above, this
volume had been specified as that required to contain all the
runoff from a lO-year, 24-hour storm that drains into the pond.
Because of its relative importance in treatment efficiency, the
pond volume was explored more thoroughly in this stud,..

To determine whether or not each pond was sized to the
OSH criterion, the data provided by the companies were used in
conjunction with pre~ipitatlon data from the literature to calcu
late the "OSH pond volume." This value could be compared with
the actual pond volume provided by the facility. Table 4-2
summarizes the inputs required to calculate the pond volume.
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Table 4-1

SEDIMENTATION POND DESIGN CRITERIA SUPPLIED BY FACILITIES

Occupied
Design Sediment Storage Sediment Design Theoretical Detention

Facility ID State Pond (acre-ft/acre disturbed) Storage (%) Time Hours

OSM Criterion 0.100* 60 24

15 WV 1 0.125 31.3 1.13
15 WV 2 0.125 27.8 0.90
25 OH 4 0.0561 II **
25 OH 7 0.136 1* fl
33 IN 1 ff 8.76 46
33 IN 2 0.100 <0.10 64.7

)::- 37 IL 6 0.069 Negligible 12
I 38 KY 19 0.179 ff 173 (base flow)I\.)

co 85 IL 1 0.020 ff 10
101 OH 2 0.125 None 24
123 IL 3 0.100 If 173 (base flow)
181 KY 99 0.100 20 10
182 MT 1 0.113 Negligible 24
182 MT 2 0.113 Negligible 24
183 VA 1 If If fl
184 WV 7 0.076 3.82 If
185 WV 4 0.073 5 II
186 PA 2 0.200 II ff

187 PA 1 0.114 ff f*
191 AL 18 0.075 10 2.15
191 AL 55 0.352 5 2.74
192 WY 4 0.200 fl 24
192 WY 6 0.375 II 24

ISediment storage volume may be exempted down to 0.035 acre-feet disturbed.
IINo information available.

1A large pond (#3) 1s located directly below pond 4.



Table 4-1 (Continued)

SEDIMENTATION POND DESIGN CRITERIA SUPPLIED BY FACILITIES

Embankment Width of Top of
Facility ID State Pond Height (feet) Embankment (feet) Dewatering Device

8SM Criterion H (H + 35 )/5 Any Device
OSM
Required Actual Type of Devices

15 WV 1 9.2 9 14 Spillway
15 WV 2 10 9 14 Spillway
25 OH 4 *1 I' '* 36" perforated stand pipe
25 OH 7 '* f* *' 24 11 perforated stand pipe
33 IN 1 ** '* ** Open channell
33 IN 2 '* f' ** Open channell
37 IL 6 ** ** ff Open channell>

I 38 KY 19 ** *1 1* Earth cut channel'
l\) 85 IL 1 ** ** ** 60" corrugated pipe1.0

101 OH 2 *1 1* *f Horizontal 18" pipe
123 IL 3 *1 ** *' f*
181 KY 99 10 9 15 Combination Riser*
182 MT 1 8. 1/2 8.65 15 Decant spillway'
182 MT 2 16 10.2 15 Decant spillway*
183 VA 1 ** *1 'I Riser pipe**
184 WV 7 *f 'f ** Channel
185 WV 4 10 9 14 Spillway
186 PA 2 14 9.8 10 Perforated riser only
187 PA 1 >19 ** 20 Riser with syphon only
191 AL 18 II II " 18" pipe
191 AL 55 *1 ** *1 5 ft. pipe
192 WY 4 II I' '* Earthen spillwayl
192 WY 6 ** II 1* Earthen spillway*

I*No information available



Table 4-2

SI.J1MARY OF INPtJl'S~ 'ID CAlCULATE OSM POND VOLUME

lO-Year, 24-Hour D!'81nage Area (Acres)
Precipitation Slope Composite Pond Galeulated Pond

Facility Pond Event Boil Actively Disturbed Virgin of Runoff Curve Area to Meet "QStiIt D
Code State Number (Total. Inches)* ~** Mined Area Area Area Numbers (Acres) (Acre-Feet)

15 W 1 3.5 - 4.0 B-C Nst 18.5 488.0 47 65.9 0.44 35.6 - 48.3
15 W 2 3.5 - 4.0 B-C NS 10.0 195.8 57 67.0 0.43 15.0 - 19.7
25 OH 3 3.5 - 4.0 No additional data sutmitted

25 OH 4 3.5 - 4.0 B-Clt NS 36 99.5 28 80.6 0.33 19.1 - 23.7
Dt*

25 OR 7 3.5 - 4.0 B-Ctt 27.5 27.5 33.8 28 85.4 0.25 10.6 - 12.8
Dt*

> 33 IN 1 4.0 - 5.0 c NS 90.7 43.5 3 88.0 2.17 30.6 - 41.1
I

33 IN 2 4.0 - 5.0 C NS 27.1 18.8 4 81.0 3.22 8.1 - 11.4w
0

37 IL 6 4.0 - 5.0 C NS 280.0 1120.0 3 81.1 2.79 248.8 - 349.5

38 KY 19 4.0 - 5.0 B NS 67 223.2 2 63.2 1.91 22.6 - 36.9
85 IL 1 4.0 - 5.0 B-C NS 110 0 15 76.7 1.80 16.5 - 23.8

101 OH 2 3.5 - 4.0 A-B NS 190 115 7 67.4 5.03 22.7 - 28.6
123 IT. 3 4.0 - 5.0 C NS 820.4 3731.6 0.7 77.7 33 710.2 - 1020.8
181 KY 99 4.0 - 5.0 C NS 38.9 0 84 80.. 5 2.00 6.8 - 9.5
182 Mr 1 2.5 - 3.0 B NS 70.5 0 25 73.3 1.80 3.4 - 5.2
182 MI' 1 2.5 - 3.0 B NS 46.2 0 5 63.3 1.34 2.2 - 3.4

*Data fran "A Ccrnpliance MazDJ.al~ethods for Meeting QSti Requirements," Skelly and Loy Engineers, McGraw-Hill, Inc.
New York, New York, 1979, p. 6-34.

USee text for explanation of soil types.
tNS - Not supplied by the facility.

ttDisturbed.
t*Virgin.



• We would appreciate. 1f you have not already done so, the sUbm~tal of
transparencies (slides) of your ponds used In this program. T~s is
directed to those several participants who submitted prints with the first
subm.ftql of pond data.

• 50 sample labels and 50 mailing labels are enclosed for shipment of
samples to EPAls Denver laboratory for the period covered by this extension.
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STATEMENT CONCERNING CONFIDENTIALITY AND EPA'S STATUTORY AUTHORITY

This request for information is made under authority provided by Section
308 of the Federal Water Pollution Control Act, 33 U.S.C. §1318. Section
308 provldes that: "Whenever required to carry out the objective of this
Act, including but not limited to ••. developing or assisting in the
development of any effluent limitation ... pretreatment standard, or
standard of performance under.this Act" the Administrator may require
the owner or operator of any point source to establish and maintain records,
make reports, install, use and maintain monitoring equipment, sample
effluents and provide "such other information as he may reasonably require."
In addition, the Administrator or his authorized representative, upon
presentation of credentials, has right of entry to any premises where an
efffluent source is located or where records which must be maintained
are located and may at reasonable times have access to and copy such
records, inspect monitoring equipment, and sample effluents.

Information may not be withheld from the Administrator or his authorized
representative because it is confidential. However, when requested to do
so, the Administrator is required to consider information to be confidential
and to treat it accordingly if disclosure would divulge methods or processes
entitled to protection as trade secrets. EPA regulations concerning
confidentiality of business information are contained in 40 CFR Part 2,
Subpart B, 41 Federal Register 36902-36924 (September 1, 1976). These
regulations provide that a business may, if it desires, assert a business
confidentiality claim covering part or all ·of the information furnished
to EPA. The manner of asserting such claims is specified in 40 eFR §2.203(b).
Information covered by such a claim will be treated by the Agency in
accordance with the procedures set forth in the Subpart B regulations.
In the event that a request is made for release of information covered by a
claim of confidentiality or the Agency otherwise decides to make a determination
whether or not such information is entitled to confidential treatment,
notice will be provided to the business which furnished the information.
No information will be disclosed by EPA as to when a claim of confidentiality
has been made except to the extent and in accordance with 40 CFR Part 2,
Subpart B. However, if no claim of confidentiality is made when information
is furnished to EPA, the information may be made available to the public
without notice to the business. .

lffluent data (as defined in 40 CFR §2.302(a)(2)) may not be considered
by EPA as confidential. In addition. any information may be disclosed to
other officers, employees or authorized representatives of the United
States concerned with carrying out the Federal Water Pollution Control
Act or when relevant in any proceeding under this Act.
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UNITED STATES ENVIRONMENTAL. PROTECTION AGENCY.
WASHINGTON. D.C. 20460

21 AUG 1980

TO PARTICIPANTS IN THE COAL MINING INDUSTRY MONITORING PROGRAM

To fully eva1utte the performance of each of the sedimentation
ponds being sampled in this program, the origin of wastewater to
be treated by the pond is an important factor. Accordingly, we
are requesting that each participant provide the following infor
mation for each sedimentation pond'sampled:

• Area draining to the pond from reclaimed areas,
acres;

• Area draining to the pond from virgin areas,
acres,

• Area draining to the pond from actively mined
areas, acres, and

• Estimate of the percentage of the total wastewater
volume from each of the above three areas.

Also, please ensure that all requested data items on the monthly
submittal forms are completed, e.g., rainfall data is often
missing on the submitted forms.

Thank you for your continued cooperation with this program.
Please call me if you have any questions concerning this request
or on the program in general.

William A. Te1liard, Chief
Energy and Mining Branch
Effluent Guidelines Division ~-552)

(202) 426-4617
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APPENDIX B
OF REPORT 1

POND VOLUME CALCULATIONS
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CHANG£S IN ORIGINAL S£LF-SAMPLING AND ANALYTICAL PROGRAM

0.4

£1ll
0.6

The following may be used to determine C. Ind Cz ..
Sandy Clay &
Loam Loam

Active Mining Area 0.3 0.5

Virgin land Ind land
under recl&mation 0.1 0.3

• Please submit, by May 1, 1980, an update of the pond design parameters
indicated in the initial request (included in attached Tab 2). Please
1150 submit the following statistic for each pond:

The volume attributable to runoff from a 10 year/24 hour storm 2vent for
the pond being used in this program. Please show your calculations in
the submittal. For purposes of this calculation, a model such as the
Water Shed StOrm Hydrograph, Penn State Urean Run-Off Model. or similar
model may be used. Alternatively. the following may be used:

V· ,f- X ITA. x C, ) + (A~ x CL TI
where: , V is volume in cubic feet

• P is the 10 year/24 hour precipitation event, in inches
• AI is the area of the active area drained to the pond.

in acres
• Cf is the run-off coefficient for the active area drained

to the pond
• AZ is the area 0 f the ara1na 9.!_area whi ch comi n91es wi th

drainage frem the active area. in acres. This
includes runoff from virgin areas and areas under
reclamation which drain to the pond.

• C& is the runoff coefficient for areas corresponding to
A&

The above values are increased by 0.1 for slopes ranging from 5: to 10:.
and increased by 0.2 for slopes ranging from 10: to 30: •

• For each sample taken during a rainfall eve~t. indicate when sampling was
perforned. Example: 1 hr. &1S min. after start of lO-hour rainfall which
ttlta11 ed. Z.1 1nches •

• This extension applies to the same ponds for waich data is currently
.oe1 n9 su tmi tted.

"'\Thfs,extension expires September 30, 1980.
" .' .



-2-

o Age of pond

* 0 Volume of sediment in pond during sampling

* 0 Last time pond was cleaned

• 0 General condition of pond and other 1nfonnation. e.g., inlet
baffle. trees in pond. check dam. etc.

* 0 Topographical map of mine arel and drainage area (attach)

o 35 mm slide or glossy photo Of each pond (attach).

Note: Submit pond design criteria with the first monthls data submissio~
Submit asterisked items each month if they change appreciably.

You rnay respond di rectly on this fom.
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Form Approved
0.M.8. No. lSa-R01S0

Date. _

Ccmpan,y. _

Hi ne Hame:-- _

.Pond Nameo:- ....-_

Pond Design Crfteria: For each pond sampled during this program. provide:

o Pond name or other identification.

o Drainage lrea - acres

o Drainage area which is ~1sturbed - as acres or I of drainage area

o Average slope of the drainage area

o Cover type on undisturbed portion of the drainage area

o Type of soil/spoil on drainage area. e.g., sandy, Silt, loam

o Size of pond - surface area

o Sfze of pond - volume

o Sketch of pond showing: inflow points, effluent points, shape (attach)

o Depth of pond • average and v~ximum design

o Type of discharge "deyice

o Design Sediment Storage Y~'ume

o Design detention time
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Samp1eS"hfpment to EPA for Analysh

In addition to the previously identified parameters to be anllyzed for
by .ach recipient of this packlge. a~ of the fol'owing ~pes of
samp1.s wilt be tabeted. packaged and-shfPped t~ EPA's Denver Surveillance
Ind Analysts laboratory for analysis by EPA:

o One sample each of influent and effluent for each pond every 30 days which
was taken during Rbase flow· conditions (no rainfall).

o One sample each of influent and effluent for each pond every 30 days wh1ch
was taken during a ra1nf.l1 event. If, for I gtven 30 day period, no
rainf.ll occurs by the time the last -base flow" samples art scheduled to
be taken, then submft a second set of "base flow" samples.

o Container Type:

o Contafner S1ze:

o Sample Preservation:

o Frequency of Shipmer.t:

o Method of Sample Shipment:

o Sample label Information:

o EPA laboratory Address:

Poly/Plastic

5001l1.1I1nimum

None.

Within 48 hours of sample colleetion.

United Parcel Service or equtvalent,
prepafd.

Preprinted sample labels will soon be
sent directly to you. Should you begin
sampling for this program prfor to
receipt of the preprinted labels. please
provide your own labels wfth the
following information on them:

o Company Name
o Mine Hame
o Pond Identification
o I. influent sample, E • effluent

sample
o Date Sample Taken
oR. during rainfall; A • day after

rafnfal1i 0 • no rainfall

u.s. EPA
Region 8 Laboratory
Building 53 Entranee W-l Upstairs
Denver Federal Center
Denver. Colorado 80225
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Data Submission: Submit Iftalytical results on a monthly ba~s (each 30
QiYilifor the duration of the sampling program to:

W.A. Tellilrd (WH-552)
U.S. EPA
401 MStreet. S.W.
Washington. D.C. 20460

Unless you are using these analytical results to also comply with minimum
NPDES permit monitoring requirements. you need forward them only to the
above individual.

The attached table is to be used to report data. Please be sure to
reproduce enough copies of the blank table for use throughout the sampling
program.
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ORIGINAL INSTRUCTIONS

COAL MINING INDUSTRY MONITORING PROGRAM

~Tlose: To supplement the data base upon which Iff1uent standl~ds
·W be based for sedimentation structures (i •••• ponds) which hand'.

surface runoff from .'n1ng areas Ind those ar••s under regrad1ng and
revlgltatlon.

!!mPling Locations and Pond Selection: Sampling locations will be the
ln1Tuent and effluent of two ponds It surface coal mines owned by your
campa",. The two ponds .ay be either It the same facility or at different
flc11tttes. The ponds selected should be those which handle mostly runoff
waters from Ireas under regrading and revegetatton. Each pond selected
should not be one that is fed by another pond. Additionally, the ponds
should ~those that discharge most frequently, e,en during dry wlather
conditions. .

Duration of Samp'inq: Samp'fng is to begin wfthin 30 calendar days from
recei pt of this pac k.age Ind last through March 31, 1980.

Sampling Frequency: Amfn1mum of one sample per week of both fnfluent
Ind effluent of each pond representing "base flow" conditions, 1.e., no
rainfa'l, but while the pond fs discharging; PLUS. for each ra1nfall
.vent during the sampling program, two Simples each of influent and
.ffluent on the first day of rainfall and two samples each of influent
and effluent on the day after the rainfall event ends.

Sampl. Type: All samples taken for this program will be grab samples.

Parameters for Analysts: All samples taken for this program will be
inalyzed for the following parameters: Tota' Suspended Solids. Settleable
Solids. Total Iron, Dtssolved Iron, and pH. These analyses are to be
performed by or arranged (e_,., contracted) for your company. EPA-approved
methods are to be used for I 1 analyses. The approved methods are specif1e
in 40 CFR 136. which are the same methods presently in use by industry for
NPOES mont taring.

Flow: Record flow (IS gpm) when each sample fs taken. Ise weir. etc.
measurements if installed and indicate what type of measurement device
is installed. If flow is estimated. include. descriptfon of the'flow
estimatIon technfque.

Rainfall Events: Provide the duration (hours) tnd quantity (inches) of
.ach ra1nf.ll event which occurs during the sampling program. Indicate
the method used to determine the quantity of rainfall.
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APPENDIX A
OF REPORT 1

INSTRUCTIONS FOR COAL MINING INDUSTRY

MONITORING PROGRAM AND

DATA REQUEST FORMS
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The results of this study support conclusions of previ
ous studies: first, p.rformance of a pond is closely tied to its
design and operation; second, total suspended 801id8 of 70 mg/l
cannot be consistently achieved during rainfall events; third,
TSS variation 18 quite substantial in treated effluents from
areas under reclamation, and cannot~be effectively or uniformly
regulated in treated runoff from these areas.
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Tabl. 4-22

IlANKED EFFLUENT TSS MEANS FOR WET CONDITIONS

Facility Pond Effluent Mean "OSH"!

33 1 12 Yes

33 2 18 Y••

123 3 24 No

184 7 24 No

38 19 2S Yea

181 99 28 No

187 1 29 Ye.

191 5S 34 No

185 4 58 No

37 6 S9 No

15 1 63 No

2S 7 74 No

8S 1 77 No

191 18 8S Yes

183 1 103 No

25 4 123 No

101 2 162 Ye.

186 2 202 Yes
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Table 4-21

RANKED EFFLUiNT ISS MEANS FOR DRY CONDITIONS

Facility Pond Effluent Mean ''OSH''!

184 7 7 No

38 19 9 Yes

181 99 10 No

191 i8 11 Yes

33 1 11 Yes

33 2 14 Yes

187 1 20 Yes

2S 7 20 No

123 3 23 No

101 2 29 Yes

8S 1 34 No

37 6 41 No
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the discrete effluent atre... A final mechanislD that has been
previously alluded to ia .1ao possible. Each pond baa a theoree·
ieal,and an actual retention time associated with it, ranging
from a few hours to ,maDy day.. The theoretical retentioll time is
calculated by knowing the pond volume and the average volume of
flow into,the. pond. This theoretical detention often bears
little relation to the actual detention time. The actual
detention time is defined as the average length of tlme that •
discrete volume (aay, one liter) of water enters the pond until
that same volume of water exits the pond. It is a complex func
tion of the pond geometry, water temperature, fluid mechdnics ,and
other factora. It will also vary with the volume of inflow to
the pond. Obviously, a sampler who collects an effluent aliquot
Is not accounting for retention time in the pond, which ranged in
this study from • few hours to many days. This problem, which is
inherent in this type of sampling program, is especially acute
during periods of low flow and low TSS concentrations because so
little TSS enters the pond. Only small amounts of natural
8couring caused by wind and wave action on the surface need to
occur to cause the affluent TSS val,. to be above the influent
value.

In recognition of these factors, the ponds exhibiting
negative efficiencies were disregarded in further analyses. 1he
remaining ponds were ranked according to effluent mean to assess
the importance of the 10·year, 24-hour storm design criterion.
Th~8e appear In Table 4·21 and 4.22. For dry conditions, five of
the seven best performing ponds ~ere sized to OSH criteria. For
wet conditions, four of the seven best performing ponds were flaSH

ponds." However, as shown in Table 4-22, certain ponds sized to
OSH criteria had very high effluent means. suggesting that .varia
bl.s other than size ar~ also extremely import~nt on pond perfor·
manc.. Therefore, it cannot be concluded that "OSH ponds ll

consistently aeliver superior performance.
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Table 4-20

PERCENT REDUCTION OF SEDIMENTATION PONDS DURING
WET AND DRY CONDITIONS

Sized to Percent Reduction
Facility Pond OSK. Criterion Dq l Wet1

15 1 No 0 27
15 2 No -233 -147
25 4 No - 16 68
25 7 No 78 90
33 1 Yes 11.5 68
33 2 Yes 30 38
37 6 No 32 91
38 19 Yes/No 92 92
85 1 No 56 69

101 2 Yes/No 88 92
123 3 No 89 99
181 99 No 95 88
183 1 No - 67 10
184 7 No 12 33
l8S 4 No -179 74
186 2 Yes -180 34
187 1 Yes 27 99.6
191 18 Yes/No 38 76
191 5S No - 1 77

Average for "aSH II Ponds 11.4 71
Average for "Non"OSH" Ponds - 11.6 45.6

lA negative values indicates that the effluent was higher than
the influent.
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the revegetation process (five to ten years), and the significant
erosion rates associated w1th the initial stages of the reclama
tion process. Each of these parameters not only causes reclama
tion wastewaters to be different from active area dra1nage, but
.l~o leads to wide variation from mine to mine within reclamation
areas. Tables 4-16 and 4-18 clearly demonstrate this variation.

Results reported by 80me of the facilities were
surprising. Table 4-20 illustrates this by presenting the
efficiencies or percent reductions for each pond for wet and dry
conditions. These reductions were calculated based on the log
normal mean influent and effluent values.* Negative reduc~ions

indicate that the effluent mean is higher than the influent mean.
While this type of variation 1s possible on specific sample sets
(due to retention time of the pond), this behavior in the aggre
gated data from ea~h facility is subject to question. In some
cases, this anomaly can most likely be attributed to errors in
the data reporting procedure. In other cases, the problem is
probably attributable to sampling procedures. For instance, some
ponds possess multiple inflow points. In many instances, only
one influent was sampled. However, these multiple influents will
contain varying concentrations of TSS. It 1s easy to envision
how an apparent negative efficiency can result. Another mecha
nism that could cause this is the selection of the sampling
location within the influent or effluent stream. The influent
stream is more frequently diffuse and shallow. Thus it 1s more
difficult to select a representative location to sample than 1n

."Lognormal" indicates that the data were distributed approxi
mately lognormally, 1.e., a near normal distribution occurred
when the logarithm of each point was calculated and plotted.
The lognormal mean is calculated from a lognormal model of the
data rather than the actual data, because this procedure is not
as sensitive. to extreme values.
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Tabl~ 4-19

tOIAL SUSPENDED SOLIDS DATA BY FACILITY AND POND
. EFFLUENT

WET CONDITIONS

lluaber of Coftc:eatraeloa. (a,l1)
FacUlty ~ Sa.pl•• Aln11DUal ~ A.alan m RaxLilwa

1.5 1 13 1 63 16 424 S04

15 2 12 4 42 29 126 150

25 4 12 16 123 104 256 288

25 7 15 17 74 40 193 114

33 1 6' 1 12 10 23 53

33 2 64 1 18 13 34 55

37 6 17 16 59 42 178 294

38 19 5 14 2.5 23 40 40., 1 30 1 77 35 134 6'4
101 2 41 4 162 54 350 966

123 3 6 15 24 23 38 38

111 99 3Z 4 28 18 63 402

183 1 17 Z 103 41 281 3%1

114 7 30 2 24 14 64 77

18' 4 21 to " 43 147 182

185 2 12 45 202 104 486 504

187 1 12 13 29 30 $I 55

191 18 16 2 85 14 187 2.628

191 55 ..J! ...! 34 -! 341 -ill-
Ove~aU 404 1 52 He Ie 9"
Re • Rot calculated.
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Table 4-18

TOTAL SUSPENDED SOLIDS DATA BY FACILITY AND POND
RAW WASTEWATER
WET CONDITIONS

ltu8ber of Conc.ntration. (a.l1)
,.ciUCY ~ S••pl•• Hint.u. H.an Healaa m Hixlaua

15 1 13 2 16 11 907 1,305
15 2 13 , 17 , 100 101
25 4 12 10 379 100 1,641 1,880
25 7 16 \2 771 74 2,889 ',097
33 1 66 2 34 16 95 342
33 2 64 2 29 16 59 '229
37 6 17 14 636 131 2,050 3,504
38 19 5 3 US 71 504 504
as 1 30 17 247 71 794 ',148

101 2 42 5 1,949 325 4,578 23,260
123 3 6 33 3,736 5Z8 5.978 5,978
181 99 34 4 233 67 448 10,507
183 1 25 2 114 16 768 Z,110
184 7 30 2 36 8 160 453
185 4 21 5 227 21 779 5.460
186 2 12 S 306 55 1,413 1.725
187 1 12 13 7,473 103 22,875 30,090
191 18 17 11 1,075 8Z 6,447 ',998
191 55 ~ ~ -!!! -U 6.609 7.053

Overall 452 2 276 lie He 30.090

Me - Not calculated.
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Table 4-17

tOTAL SUSPENDEi> SOLIDS DATA BY FACILITY AND POND
EFFLUENT

DRY CONDITIONS

NWIb.~ of Concentracion. (.1/1~
'ecilley l!!!! Saap1e. Rlnliua R.aD Median HaxIlliiii90

15 1 30 2 11 9 20 30
15 2 23 G.5 20 15 '6 75
25 4 19 5° 22 16 39 91
25 7 22 2 20 14 44 109
3J 1 26 1 11 8 22 27
33 2 26 1 14 11 27 27
37 6 28 7 41 36 70 90
38 19 10 3 9 10 16 17
.5 1 20 4 34 22 50 318

iOl 2 28 1 29 14 66 128
123 3 9 5 23 15 68 69
181 99 18 1 1G 6 28 69
183 1 29 1 10 5 25 93
184 1 Z5 3 7 6 15 23
185 4 17 3 39 29 81 lOS
186 2 33 9 94 60 243 464
187 1 33 8 20 17 32 35
191 18 7 4 11 11 18 18
191 55 --! L ..! ..! -l.. -l..

Overall ·408 0.5 25 lie IIC 464

Be • Nor: calcular:ed •
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Table 4-16

TOTAL SUSPENDED SOLIDS DATA BY FACILITY AND POND
RAW WASTEWATER
DRY CONDITIONS

lfwIber of Coneentracion. (lag/l)
,.dUn ~ Sallple. RIni.WI H!.!!! MeaiAn 901 kaxlllWl

15 1 24 0.' 11 , 22 23

15 2 18 0.' , 4 16 30
25 4 19 6 19 15 36 52
25 7 U 2 90 17 290 4,260
33 1 25 1 13 9 31 64

33 2 26 2 20 14 45 75
31 6 27 so 60 36 188 490
38 19 10 2 102 96 231 243

'5 1 20 4 77 40 199 414
101 2 27 15 235 69 818 870
123 3 9 23 213 47 3,060 3,060
181 9' 8 1 200 111 738 738

183 1 29 1 6 6 11 13
184 7 24 1 8 4 22 79
1~5 4 11 1 14 7 35 46
186 2 31 1 33 6 132 282
181 1 33 .;; 25 19 59 Ul
191 18 4 37 242 119 341 341
191 55 --1 11 1!\! 107 191 ......ill

Overan 369 0.5 48 Ie I1C 4,260

Me - Not calculaced.
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Based on these considerations, 0.5 ml/1 represents au
achievable daily maximum limitation for areas under reclamation
and for ponds subject to the storm events that occurred during
the coUrse of this study.

The remaining settleable solids values above 0.5 ml/l
were reported by facilities 15, 183, and 185. A review of the
pond designs at these facilities r~pealed DO particular anomali.s
except that eaeh was .everely undersized with respect to the aSH
volume criterion. Of thOle ponds that wera sized to the lO-year,
24-hour criterion and also were properly operated, none were
found to discharge settleable solids greater than 0.5 ml/l."

Total Suspended Solids

The capabilities of sedimentation ponds to remove total
suspended solids (ISS) have been extensively investigated by
several researchers. Few have had access to the amount of data
collected during this study; moreover, none have had adequate
field data to draw conclusions on sedimentatlo~ pond performance
during and immediately after rainfall events. This subsection
will present and discuss the TSS data reported by the participat
ing facilities.

4.2.3

Tables 4-16 through 4-19 contain summary statistics for
each facility and pond. As can be seen, TSS variation ia much
more substantial than that shown by the settleable .olida data.
/~ditionally, great variation in effluent TSS 1. found from pond
to pond, indicating the importance of the type and ground cover
of areas draining into the pond, &. well as the soil type and
terrain. These differences are much greater than thoae observed
for pit pumpage or active area drainase. This 18 an expect~d

result, given the vast amounts of acreage often associated with
the reclamation process and treatment facilities, the length of

•



reclaimed areas, this sedimentation pond serves 190 acres of
disturbed area. From. pone! des ign data and a topographic map

submitted by the company, these 190 acres appear to be largely
unreclaimed spoil areas. This differs markedly from other ponds
1n the study. Runoff from the spoil areas will be heavily loaded
with sediment and eVidently enters the pond at diffuse locations
as well as the specified inflow point. This situation causes
only a small portion of the pond to be used and thus may result
in • substantial reduction in sediment removal efficiency, espe
cially during intense rainfall eventl. If this spoil area was
properly reclaimed, erosion would be substantially reduced and
the achievable effluent quality would improve. Also at this
facility, a second inflow point located less than 200 feet from
the outflow further exacerbates the problem. This situation
exists even though the pond has a surface area of over five acres
and measures almost 1,000 feet in available length. Having an
inflow point so close to the outflow fails to utilize the full
sediment removal capacity of the pond, which again has a delete
rious effect on effluent quality. Therefore, though this pond is
adequaeely sized according to storm exemption criteria, it does
not represent an adequate or exemplary design. This discounts
the validity of the effluent data from this facillty.

A similar aituation exists for pond 55 at faci~ity 191.
Although not sized according to storm exemption criteria, it also
has similar features to pond 2 at facility 101 with respect to
multiple polnts adjacent to e' spoil area. Thus, data from this
facility is also of doubtful validity.

Two values of 0.6 al/1 were reported during wet condi
tions from a sedimentation pond in Alabama. The pond is sized
between the upper and lower ranges of~he aSH ~esign Itorage vol
ume criterion. Because the pond 18 not clearly wi thin the "aSH
pon~' category, these data are not considered to be from an
exemplary facili~.
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"IUPOINT
VALUE FREQ CU". pERCENT cun.

FREY PERCENT.,
0.0 .,•••••••••••••••••••••••••••••••••• ~72 172 68,25 ,a.211.,
0.1 ~....... 3. 206 13.It' 8t.75.,
0.2 ,.... 22 228 8.75 90.lf8

"$
0.1t ,. 1 235 2.71 93.25,
8.6 ,.. 9 2'U• 3.51 96.83.,
O,e ., 1 2lt5 O.ltO 97.22,
1,0 ,. 5 250 1.'J8 '9.21.,

~ 2.0 t- O 250 0,00 'J9.21
I .,\Jl
~ 3.0 ., 1 251 0 • .,0 9'.60

'I
1t.0 ., 0 251 0.00 '9.60.,
11.0 ., 0 251 0.00 '9.60.,
6.0 i- 1 2S2 O.ltO 100,00.,

----.---+---+---+..-+---+-..+---+--
20 itO 60 80 100 120 1110 160

FREQUENCY

Figure 4-4

HISTOGRAM' OF DETECTED EFFLUENT SETTLEABLE SOLIDS
VALUES DURING WET CONDITIONS



"IOPOINT
VALUE fRED CUft. PERCENT tUft.

FREQ pERCENT
t-

0.0 ,......................................................... 113 111 71.47 71 ...7
t-

0.1 ,.......... 17 150 11.11 '0.21
t

0.2 -.......• 13 143 9.03 99.11

t-
O... t-. 1 1.... 1.'9 1•••00

t-O., ., 0 I" 0.10 100.00.,
0~8' t.- a I" 0.00 101.11.,
1.0 ., a 1" 0,0' 1'0.00.,
2.0 "I 0 1'" D." 100.'0

»-
.,.

I 3.0 t- O 1'" 0.00 100.00
\.J1
W .,

If.O t. a I" 0 ••0 100.00.,
5.0 "l- I 1... 0,00 100.00

t-
6.0 t- o 1" 0.00 1•••••,.

--_.-+--~-.----.----+----+----+--- ..----+.~--.----+---.+~-
10 20 30 If0 50 60 70 80 '0 100 110

FR[QULNCY

Figure 4-3

HISTOGRAM OF DETECfED EFFLUENT SETTLEABLE SOLIDS
VALUES FOR DRY CONDITIONS



"IOPOIN1
VALUE

0.81

0.10

0.20

0.50

8.'0

0.50

0,60
~
I

IJ'1 0.70I'\)

o.eo
0.90

1.00

FREQ CU". PERCENT CU".
FREQ pERCEN,,. 1 1 0.59 0.5

t.
t.•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 159 160 93.53 911,1,,.
to 1 161 0.59 '11.7,
t- O 161 0.00 '''.7't.
t- O 161 0.00 '11.7:
t-., 0 161 0.00 '''.7:.,
t- O 161 0.00 '".7:
~

t- O 161 0.00 ''t.7:
t.
"l- I 161 0.00 ' ... 7:
to
t- O 161 0.00 ''1.7:,.
t-•••• ., 170 5.29 100,Or,
----.---.---.---+---+---+---+---+---.---+---.---+---.---.---.---+10 2U aD 'to 50 60 70 80 '0 100 110 120 130 lila 150 160

FREQUENCY

Figure 4-2

HISTOGRAM OF ItNOT- DETECTEDIt EFFLUENT SETrLEABLE SOLIDS
VALUES DURING WET CONDITIONS



"IOPOINT
VALUt. FREQ CU". PERCENT CU".

fREG pERCENT
.,.

0.01 ., 1 1 0.lt5 0.lt5.,
0.10 ,......................................... 201 208 92,83 93.27

~

0.2U t- O 201 0,00 93.27
t-

0.30 t- O 208 0,00 93.21
t-

0.1t" .,. 1 209 0.lt5 93.12
"I-

0.50 t- O 209 0 ••1 93.12,.
8.60 "# 0 209 0.00 93.72

"I-
0.10 .,. 0 209 0.00 '5.72

;J> t-
I 0,80 "t- O 209 •• 00 93.72

\Jl
~ t-

0.90 t- O 209 1,00 93,72
.. f.

1.00 ,... lit 223 6,28 101,00.,
.-.-+---+---.-.-+---+---+_._+---.---+---+-

20 110 60 80 100 120 lila 160 180 200

FREQUENCY

Figure 4-1

HISTOGRAM OF ItNOT-DETECTED" EFFLUENT SETl"LEABLE SOLIDS
VALUES DURING DRY CONDITIONS



in .11 case., regardless of the rainfall condition, were less
than O.S ml/1. Moreove~, the overall effluent mean for all ponds
in both eases was equal to or les8 than 0.1 ml/1.

Histograms (frequency distributions) were prep~red to
illustrate the distribution of the data. Figure 4-1 presents a
histogram for "not detected" values for effluents during dry Con

ditions. These "not detected" values actually represent the dif
fering detection limits reported by each company. The vertical
axis represents the' midpoint value of the range examined for the
frequency calculation. For instance, on Figure 4-1, the hori
zontal row of asterisks at 0.1 mIll indicate that a certain num
ber of values (in this case, 207) were .found in the data base at
a range of concentrations between 0.05 mIll and 0.15 mIll. A
similar plot for "Dot detected" values during wet conditions
appears in Figure 4-2. No apparent difference was found between
wet and dry conditions. These plots cle~rly demonstrate that the
detection limit recorded by most companies is 0.1 m1/1; however,
th!s number did fluctuate in a small number of cases. The s18oi
ficant number of values at 1.0 mIll were recorded by a facility
that also recorded a detection limit of 0.1 mIll for a substan
tial number of samples. To summarize, the detection limit was
recorded as 0.1 mIll or less, apprOXimately 94 percent of the
time "Dot detected", values were reported for effluent samples.

Histograms for detected values in pond effluents are
depicted in Figures 4-3 (dry) and 4-4 (wet). Over 71 percent of
the values were reported as 0.0 mIll. For dry conditions, 100
percent of the values were less than or equal to 0.4 ml/l. Dur
ing wet conditions, 95 percent were less than or equal to 0.5
m1/1. Thirteen values above 0.5 ml/l were recorded by six of the
22 sites (13 samples in a total of 789· effluent samples). In
fact, £our of the 13 hi&hest values were reported by facility 101
in eastern Ohio. In addition to 115 acres of virgin and
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Table 4-15

SETTLEABLE SOLIDS DATA BY FACILITY AND POND
EFFLUENt

WEt CONDITIONS

~l" of Nullbar of Conceatraeiona (.1/1)
'acUlty 'ond Sa.ple. Deteeta AlntiWD H!!ri Hedian 901 Haxll1Um

15 1 13 J cO.l 0.18 cO.l 0.92 1.0

15 2 12 6 <0.1 0.13 0.1 0.37 0.4

25 3 3 1 0.0 0.02 0.03 <0.1 cO.l

Z5 4 12 3 cO.l 0.12 0.06 0.35 0.4

25 7 14 5 cO.l 0.09 <0.1 0.24 0.3

33 1 64 64 0.0 0.00 0.0 0.0 0.0

33 2 61 61 0.0 0.00 0.0 0.0 0.0

37 6 17 4 cO.l 0.31 Cl.0 <1.0 cl.O

38 1'9 5 0 .- .- CO.l
\

'5 1 30 22 0.0 0.07 cO.l 0.2 0.5
101 2 26 26 0.0 0.50 0.3 0.8 6.0
'123 3 6 0 -- cO.Ol

181 It 32 2 cO.l 0.06 cO.l 0.01 0.23

183 1 16 2 cO.l 0.14 <0.1 0.65 1.0

184 7 39 4 cO.l 0.07 cO.l 0.12 0.3

185 4 24 2 cO.1 0.13 cO.l 0.53 1.0

186 2 12 I 0.0 0.02 0.0 cO.l cO.l

187 1 12 10 0.0 0.01 0.0 cO.l cO.l

191 11 11 11 0.0 0.13 0.01 0.6 0.6

191 55 -!! ..J! !.:.9. Y! 2.JL L!.. 2.9-'Overall 413 245 0.0 0.10 He Ie 6.0

Ie - Not calculated.
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Table 4-14

SETTLEABLE SOLIDS DATA BY FACILITY AND POND
RAW WASTEWATER
WET CONDITIONS

~r of Nullbe~ of Concentration. (alII)
raciUty ~ S••pl•• Detact. Rlnl.~ H!!! Raal.n !2! HaxLiWi

15 1 13 2 CO.t 0.42 <0.1 2.7 3.S
15 2 13 1 <0.1 0.08 <0.1 0.26 0.4
25 3 2 1 <0.1 6.1S 6.15 12.2 12.2
25 4 12 11 0.1.5 0.57 0.2 2.3 2.3
25 7 15 10 0.0 1.68 0.1.5 9.1 14.4
33 1 62 62 0.0 0.02 0.0 0.01 0.6
33 2 61 61 0.0 0.01 0.0 0 0.2
37 6 17 9 <0.1 1.68 0.5 5.4 16.6
38 19 .5 4 CO.l 1.07 1.3 2.2 2.2
8.5 1 30 27 0.0 2.30 0.2 2.4 38.0

101 2 39 39 0.02 23.6 0.7 52 370.0
123 3 6 4 cO.l 14.9 4.9 52 52.0
181 99 34 14 cO.l 2.3 cO.l 0.4 72.5
183 1 24 4 <0.1 0.71 <0.1 1.2 13.5
184 7 30 9 CO.l 0.14 CO.1 0.2 1.4
185 4 24 8 <0.1 0•.58 <0.1 2.5 3.0
186 2 12 8 0.0 0.10 0.00 0.7 1.0
187 1 12 10 0.0 3.83 0.00 27.0 34.0
191 18 11 11 0.01 1.58 0.34 5.8 6.0
191 55 -l! ...!! 2dU. L.!! 2.:n !L! ..A!d!

Overan 436 307 0.0 3.2 He tIC 370.0

He - Not calculated.
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Table 4-13

SETTLEABLE SOLIDS DATA BY FACILITY AND POND
EFFLUENT

DRY CONDITIONS

Mwlber of N.-bar of Concantraeion. (_1/1)
,.dlity ~ S••ple. Deuce. Mlnll1W1 ~ Hedian 90t MaxillWl

15 1 IS 2 c .1 0.06 c .1 0.07 0.20
15 2 18 4 c .1 0.09 c .1 0.22 0.40
25 .3 .1 0 .. .. .-- ( .1
25 4 18 6 c .02 0.08 ( .1 0.20 0.20
25 7 22 3 c .1 0.06 ( .1 0.10 0.20
33 1 26 26 0.00 0.00 0.00 0.00 0.00
33 2 22 22 0.00 0.00 0.00 0.00 0.00
37 6 28 • c .1 0.31 0.40 <1.0 <1.0
38 19 10 0 .. < .1
as 1 20 15 0.00 0.02 0.00 0.05 0.20

.101 2 7 7 0.00 0.08 0.05 0.30 0.30
123 3 9 0 .- .. c .1
181 99 11 0 .. .. < .1
183 1 26 0 .. .. c .1

184 1 2S 1 c .1 0.06 < .1 ( .1 0.20
185 4 20 1 < .1 0.05 c .1 < .1 0.10
186 2 33 20 0.00 0.02 0.00 ( .1 c .1

187 1 33 2S 0.00 0.01 0.00 c .1 c .1

191 18 3 3 0.0 0.0 0.0 0.0 0.0
191 55 1 .....! L!.. 0.0 2dL 2.&... U.-OVarall 367 144 '0.0 0.06 Ie Ne 0.4

Ne - Not calculated.
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Table 4-12

SETTLEABLE SOLIDS DATA BY FACILITY AND POND
RAW WASTEWATER
DRY CONDITIONS

Huaber of Huab.r of Concentration. j.1/n
,.ciUty Pond Sa.p1•• Deucts HinimWl H.an R.al.n 901 Hax1.ua- -

15 1 24 3 <0.1 0.06 <0.1 0.10 0.10
15 2 18 3 <0.1 0.06 <0.1 0.10 O.lS
25 3 3 2 <0.1 0.95 0.4 2.40 2.40
25 4 19 2 cO.1 0.06 cO.l 0.10 0.10
2S 1 t1 7 <0.1 ~.05 cO.l 6.16 33.10
33 1 25 25 0.00 0.01 0.00 0.00 0.10
33 2 20 20 0.00 0.02 0.00 0.09 0.30
37 6 28 7 cO.l 0.65 CO.l 0.54 9.02
38 19 10 8 <0.1 3.32 0.29 19.45 21.00
85 1 20 16 0.00 0.10 0.02 1).48 0.50

101 2 20 20 0.00 2.33 0.25 10.46 21.00
~Z3 3 9 1 <0.1 4.38 CO.1 39.00 39.00
181 99 8 5 <0.1 0.18 0.10 0.80 0.80
183 1 27 0 •• <0.1
184 7 24 1 <0.1 <0.1 <0.1 cO.l 0.10
115 4 20 0 .. .. <0.1
116 2 32 20 0.00 0.02 0.00 <0.1 <0.1
187 1 33 25 0.00 0.01 0.00 cO.l <0.1
191 18 2 2 0.5 0.22 0.22 0.40 0.4
191 55 2 2 0.0 0.01 0.01 0.02 0.02
192 4 4 3 cO.l 1.16 1.05 2.50 2.50
192 6 .....! .J 0.1 !:12 ~ ~ ...Y2

OvelC'aU 372 175 0.0 0." Me Me 39.0

Me - Mot c.lcul.ted.
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As • result of the infrequent occurrence of the toxic
metals and the low concentratioDs encountered when detections did
occur. sampling and analysis for the toxic metal, and manganese
beyond the first six months of the program were deemed unneces
sary and thus terminated.

Examining the mean values for influent waters duriaa
dry cO'oditions.it can be seen that ooly five of the 22 ponds had
concentrations of settleable solids above 1.0 ml/1. For wet con
ditiona, eleven of the 20 ponds have mean influent values above
1.0 a1/1. !his indicates that, for the remainiog facilities.
reductions were difficult to quantify. The mean effluent values

Settleable Solids

Data summaries for settleable lolids are fOund by
facility and pond in Tables 4-12 through 4-15. These data are
presented by facility and pond to illustrate variation in influ
ent characteristics and to examine any variation in performance
from pond to pond. Settleable solids were detected in 47 per
cent of influent samples during dry conditions and in approxi
mately 70 percent of the influent samples during wet conditions.
Detected values occurred in 39 percent and S9 percent of the
effluebt samples for dry and wet conditions. respectively.

Dot recorded (Tabl. 4-10) show elevated levels, which corre.ponds
to the increased flow of aediment to the pond. The effluent
valu•• (Tables 4-9 and 4-11). however. are quite .imilar to the
effluent values for dry conditions, with OQe exception. Nickel
appears in a large number of effluent samples io Table 4-11. The
vast majority of the detected values for nickel, however.
occurred at one facility. Asain. this i. not unusual liven the
apecific .oi1 characteristics at that facility and other factors
unique to each aite.

4.2.2



condition was not recorded or specified for rouihly one third of
the analytical results. This stemmed primarily from incomplete
documentation of samples by industry persoanel.

Examining the mean values for untreated wastewater
listed OD Table 4-6, it can be readily seen that the toxic metals
all averaged well below 0.1 mg/l. In fact, the 90th percentile
was, in each case, less than or equal to 0.1 mg/l. As expected.
iron and manganese are somewhat higher, but still substantially
lower than the BPT limitations. The maximum values for all the
metals indicate some variation from site to aite.

The sedimentation ponds provide reduction of the
metallic species, as shown on Table 4-7. Four of the toxic
metals were never detected, and an additional five appeared 1n
less than 10 percent of the samples taken, and then at very low
values. Copper and chromium were detected in a significant
number of samples. but always below O.OS mg/l. Antimony was
detected in 17 of 79 samples taken (22 percent), and at values
higher than would be expected from the type of areas being
investigated. To determine if this unexpected result stemmed
from the analytical procedure, the concentrates were reanalyzed
by a different protocol. Results indicate that when atomic
absorption was used in place of inductively co~pled argon plasma
emission spectroscopy, antimony was not detected above 0.1 mg/l.
Zinc appears frequently in effluent samples from the majority of
facilities, however, the median concentration is very low at .013
mg/l. indicating that the high values occurred infrequently.
Indeed, further research showed that zinc occurred above 0.1 mgll
only in a few isolated cases. This is to be expected given the
natural variation and common occurrence of zinc compounds in all
soi1a.

The results for the untreated wastewater during wet or
storm conditions (Table 4-8) and where the rainfall status was
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Table 4 ..11

METALS RESULTS 'OR POND EFFLUENT VITH RAINFALL OONDITION UNIDENTIFIED
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Table 4-10

METALS RESULTS FOR RAW WASTEWATER WITH RAINFALL CONDITION UNIDENTIFIED
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Table 4-9

METALS RESULTS FOR POND EFFLUENT DURING WET CONDITIONS
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Table 4-8

METALS RESULTS FOR RAW WASTEWATER DURING WET CONDITIONS
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Table 4-7

METALS RESULTS FOR POND EFFLUENT DURING DRY CONDInONS
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Table 4-6

METALS RESULTS FOR RAW WASTEWATER DURING DRY CONDITIONS
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Table 4-5 (Continued)

COMPARISON OF OSH ''llDlUIRED'' WLUHES AND ACTUAL POND VOLUMES

OSH Actual Pond Does the Pood
"Required" Volu.e Voluae Co-ply With

Facility State Pond Acre-Feet Acre-Feet OSH Criterion'

191 At 18 18.4 - 23.1 20 Yes/No
191 At 55 127.'4 - 161.8 125 No
192 WY 4 6.1 - 8.5 13.6 Yes
192 WY 6 4.8 - 6.3 16.8 YeB



Table 4-5

COMPARISON OF OSH uREQUIRED" VOLUMES AND ACTUAL POND VOLUMES

OSH Actual Pond Doea the Pond
ItRequired" Volume Volume Comply With

Facility State Pond Acre-Feet Acre-Feet OSH Criterion!--
IS WV 1 35.6 - 48.3 2.6 No
15 WV 2 15.0 - 19.7 1.6 No
25 OR 4 19.1 - 23.7 1.3 No
25 08 7 10.6 - 12.8 1.5 No
33 IN 1 30.6 - 41.1 48.5 Yes

:=- 33 IN 2 8.1 - 11.4 19.4 Yea
I

6 248.8 - 349.5w 37 IL 32.2 No
0"'1

38 KY 19 22.6 - 36.9 28.6 Yea/No
8S IL 1 16.5 - 23.8 16.2 No

101 OU 2 22.7 - 28.6 28.2 Yea/No
123 IL 3 710.2 - 1020. 8 215 No
181 KY 99 6.7 - 9.S 3.9 No
182 HT 1 3.4 - S.2 13.5 No
182 MT 2 2.2 - 3.4 10.0 No
183 W 1 11.8 - 15.0 3.1 No
184 WV 7 4.6 - 6~1 1.9 No
185 WV 4 20.8 - 26.4 6.6 No
186 PA 2 1.3 - 1.7 3.3 Yes
187 PA 1 12.0 - 15.1 20 Yes
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4.2 Wastewater Characterization.

A sample calculation of this method is found in

Appendix B.

Toxic and Nonconveotional Metals.

• V is volume, in acre-feet.

• A is the total area drained to the pond, in acres.

• R is the runoff deptn, in inches of water.

where:

During the course of this program, two basic periods
were characterized: (1) baseflow or "dry" conditions (no rain),
and (2) rainfall or "wet" conditions (day of rainfall or day
after rainfall). The wastewater characteristics from the dry
period represent the data base for reclamation areas, while the
results from samples taken during wet conditions were used to
augment available data 00 effluent qualities during various storm
events.

Table 4-5 presents the results for all ponds and indi
cates Which facilities meet the OSH pond volume criterion and
which do not. Those marked "Yes/No" fall between the upper and
lower boundaries of the necessary volume, indicating that the
pond mayor may not be adequately sized according to the aSH
standard.

Summaries of toxic and nonconventional metals analyzed
for during the program are presented in Tables 4-6 through 4-11.
These tables present data for influent and effluent during wet or
rain conditions and during dry or baseflow conditions. It .hould
be Doted. as shown on T.bles 4-10 and 4-11, that the rainfall

4.2.1



Table 4-4

RUNOFF DEPTH IN INCHES FOR SELECTED
CURVE NtJoIBmS AND llAINFALL AMOUNTS

&8infall Runoff Curve Number
jInche.) 60 65 70 75 80 85 90 9S 98

1.0 0 0 0 0.03 0.08 0.17 0.32 0.56 0.79
1.2 0 0 0.03 0.07 0.15 0.28 0.46 0.14 0.99
1.4 0 0.02 0.06 0.13 0.24 0.39 0.61 0.92 1.18
1.6 0.01 O.OS 0.11 0.20 0.34 0.52 0.76 1.11 1.38
1.8 0.03. 0.09 0.17 0.29 0.44 0.6S 0.93 1.29 1.58

2.0 0.06 0.14 0.24 0.38 0.56 0.80 1.09 1.48 1.77
2.5 0.17 0.30 0.46 0.65 0.89 1.18 1.53 1.96 2.27

:e- 3.0 0.33 0.51 0.72 0.96 1.25 1.59 1.98 2.45 2.78
J 4.0 0.76 1.03 1.33 1.67 2.04 2.46 2.92 3.43 3.17w 5.0 1.30 1.6S 2.04 2.45 2.89 3.37 3.88 4.42 4.76..t:

6.0 1.92 2.35 2.80 3.28 3.78 4.31 4.85 5.41 5.76
1.0 2.60 3.10 3.62 4.15 4.69 5.26 5.82 6.41 6.76
8.0 3.33 3.90 4.47 5.04 5.62 6.22 6.81 7.40 7.76
9.0 4.10 4.72 5.34 5.95 6.57 7.1~ 7.79 8.40 8.76

10.0 4.90 5.57 6.23 6.88 7.52 8.16 8.78 9.40 9.76

11.0 5.72 6.44 7.13 7.82 8.48 9.14 9.77 10.39 10.76
12.0 6.56 7.32 8.0S 8.16 9.45 10.12 10.76 11.39 11.76

NOTE: To obtain runoff depths for other curve numbers and rainfall amounts not
shown in this table, use an arithmetic interpolation.

Source: Skelly and Loy Engineers, A Com lienee Hanuel--Hethods for Meetin! OSH
R.equirements, McGraw-Hill, Inc.) New Yor ) New Yor • • p. - •



Table 4-3

SCS RUNOFF CURVE NUMBERS

Soil Group
Land Cover Condition A B C D

Virgin Lands

Forestl Poor 45 66 77 83
Fair 36 60 73 79
Good 25 55 70 77

Farmsteads -- 59 74 82 86

Meadow Good 30 S8 71 78

Pas ture/Range Fair 49 69 79 84

Regraded - Revegetated

Close Seeded Legumes Poor 63 73 80 83
(Contoured " Terraced) Good Sl 67 76 80

Small Graies Poor 61 72 79 82
(Contoured , Terraced) Good 59 70 78 81

R.ow Crops Poor 66 74 80 82
(Contoured " Terraced) Good 62 71 78 81

Fallow -- 77 86 91 94

Cleared Unvegetated

Dirt R.oads -- 72 82 87 89

Hard Surface Roads· (or Pit) -- 74 84 90 92

Paved Surfaces -- 98 98 98 98

Source: Skelly and Loy Engineers, A ComEliance Manual--Methods
for Meeting aSH Requirements, McGraw-Hill, Inc., New
York, New York, 1979, p. 6-32~
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Many methods are available to arrive at the "necessary"
pond volume» but only the method used is detailed below. An
alternate method is presented ~n Appendix B.

The selected method uses a Soil Conservation Service
(SCS) runoff curve number. The runoff curve number is based on
establishing a relationship between rainfall and runoff volumes.
This depends upon the soil and land cover types.

Four hydrologic soil groups are identified which define
the potential infil~ration and water transmission rates:

A (Low Runoff Potential). High infiltration rate
and water transmission rate. Example: sands»
gravel.

B Moderate infiltration rate and water transmission
rate. Example: sandy loam.

C Slow infiltration rate and water transmission
rate. Example: clay and silty loam.

D (High Runoff Potential). Very slow infiltration
rate and water transmission rate. Example: tight
clay or clay pan (soil with permanent high water
table).

Using the land cover type supplied by industry and soil
type» Table 4-3 can be used to determine the runoff curve number
for each type of drainage area. A composite runoff curve number
for an entire drainage area can be determined by calculating a
weighted average of the runoff curve numb~rs from the individual
drainage areas. Using this composite curve number and the amount
of rainfall associated with a given storm event» runoff depth for
the drainage area is obtained (in inches of water) as shown on
Table 4-4. The runoff volume is then calculated as follows:

v - A x R/l2



Table 4-2 - Continued

S~ OF INPill'S REQUIRED 'IO CALCULATE OSM POND VOLUME

1D-Year, 24-Hour Drainage Area (Acres)
Precipitation Slope Composite Pond Calculated Pond

Facility Pond Event Boil Actively Disturbed Virgin of Runoff Curve Area to Meet "OSM" D
Code State Number (Total IncheS)4 ~u Mined Area Area Area Numbers (Acres) (Acre-Feet)

183 wry 1 3.5 - 4.0 C 0 31 76 39 75.1 0.74 11.8 - 15.0
184 WV 7 3.5 - 4.0 Ctt 0 15 60 50 64.0 0.15 4.6 - 6.1

Bt*
185 WV 4 3.5 - 4.0 C NS· 53.8 50 50 75.0 0.84 20.8 - 26.4
186 PA 2 3.5 - 4.0 C--D NS 12 0 150 75.2 0.50 1.3-1.7
187 PA 1 3.5 - 4.0 C NS 70 26 14 77.9 3.10 12.1 - 15.1

191 AL 55 6.0 - 7.0 J3;-C NS 350 130 14 74.0 8.30 127.4 - 161.8
;l>

191 AL 18 6.0 - 7.0 B-C NS 61.5 3.5 4 76.1 0.94 18.4 - 23.1I
w
l-' 192 WY 4 2.5- 3.0 C NS 41 41 3 80.0 2.22 6.1 - 8.5

192 WY 6 2.5 - 3.0 D NS 12 33 2 86.3 6.86 4.8 - 6.3

*Data fran "A Canpliance Manual-Methods for Meeting OSM Requirements," Skelly and Loy Engineers, McGraw-Hill, Inc. ,
New York, New York, 1979, p. 6-34.

usee text for explanation of soil types.
ttDisturbed.
t*Virg1n.



Sample Calculation - Method 1

'aeility 192
Campbell County, ·Wyoming
SedimentatioD Trap '4 (Soil Type estimated as C)

Using curve numbers from Table 4 -3. the composite curve
number is obtained as follows:

Type of Area Individual Fractional Composite
Land Cover (Acres) CN Area eN

Pond 2.22 100 0.027 2.7

Range 41 79 0.500 39.5

Revegetated -
80Seeded 38.78 0.473 37.8

Total 82.00 1.000 80.00

Thus, the composite curve number is 80.0 for this
"drainage area. A 10-year, 24-hour storm for facility 192 is 2.5
to 3.0 inches of precipitation. For 2.5 inches, Table 4-4 shows
that 0.89 inches of runoff reach the sedimentation basin.

The runoff volume 1s then calculated as follows:

v - A x R/12

- (82.acres) .X (0.89 in./12 inches/ft'.)

• 6.08 acre-feet

The above runoff volume corresponds to the pond volume
required to contain a 2.5 inch precipitation event at facility
192. Therefore, the required-pond volume for a lO-year. 24-hour
storm event (i.e., 2.5 to 3.0 inches) ·for pond 4 at facility 192
1s 6.08 to 8.54 acre-feet.
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Since seven of the ponds involved have drainage areas
with alopes much steeper than 30 percent. the first method :1s
applied in order to keep the calculations on a uniform baais.

0.4

Clay

0.60.5

0.3

0.3

0.1

Active Kining Area

Virgin Land and Land
Under Reclamation

The above values are increased by 0.1 for slopes rang
ing from 5 to 10 percent. and increased 0.2 for slopes ranging
from 10 to 30 percent.

Runoff volume ma1 81ao be determined using the follow
iD8 equatioa:

V • ./12 x [(Al x el) + (A2 z C2)]

where:· 0 V il the volume. ln acr. f.et.

o • 11 the precipitation event. In lDche••

o Al il the active area (i •••• the area beins
actively mined) draining to the pond. ln acres.

o Cl ia the runoff coefficient for the active area.

o A2 is the drainage area which commingles with
drainage from the active area, in acres. This
includes runoff from virgin areas and areas under
reclamation which drain to the pond.

o C2 18 the runoff coefficient for areas which
commingle drainage from the active area.

The following may be used to determine Cl and C2:

Sandy Loam Clay and Lo~



REPORT 2
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ANALYSIS:

PURPOSE

1) The curve (CN)* numbers are averaged for each type of
land cover according to soil group (See Table 1).

2) All ~disturbed areas~ are equal to ~regraded or
revegetated~ land as presented in the CN land cover
groups.

Assumptions -

A-85

Pond design data and factors used to determine the required pond size are
taken from Report 1 of this Appendix.

*Upper or lower limits were calculated wherever it was unnecessary according
to comparison with the actual volume. (For example, for pond 25-7 where
the actual volume is 1.5 and the lower limit for the required volume is
10.13, the upper limit does not have to be calculated in order to determine
whether or not the pond is a 10~year, 24-hour pond .)

3) All ~actively mined areas" are equal to "cleared
unvegetated" land as presented in the CN land cover
groups.

Data from Table 4-2 in Report 1 was used to calculate the ~new" IO-year,
24-hour ponds. The calcu1ajions were performed according to the example
in Appendix B of Report 1 except that the virgin land areas were deleted from
consideration.

The treatment facility design volume necessary to qualify for alternate
effluent limitations during precipitation events was amended on May 29,
1981 to that proposed on January 13, 1981 for the coal mining regulations.
This amendment modified the design volume of a pond by excluding from
consideration waters from undisturbed areas which drain into the treatment
facility.

The self-monitoring survey established the data base in support of
the 0.5 mlll settleable solids effluent limitation for coal mines during
precipitation events and for reclamation areas. Analyses of the results
of this survey were completed before the amended definition for a pond
size was proposed. Thus, the technology basis in support of the 0.5
mlll limitation was a 10-year, 24-hour pond according to the January 13,
1981 proposal. Therefore, the data had to be reevaluated after the
amendment to reflect the new pond size definition. The analysis to
assess the number of 10-year, 24-hour ponds (according to the new definition)
is presented below:



An example calculation is given below:

Facil ity 15~I

Soil type estimated as B-C.

Using averaged curve numbers from Table 1, the composite curve
number is obtained as follows:

Type of Land (,rea Individual Fractional Composite
Cover (Acres) CN Area eN

Pond .44 100 .024 2.4
Disturbed 18.06 77 .976 75.2

18.50 1:0- ..,.,-;r;

Thus, the composite curve number is 77.6 or 78 for this drainage area. A
IO-year, 24-hour storm for facility 15-1 is 3.5-4 inches of precipitation
as shown in Table 4-2 of Report 1. For 3.5 inches, Table 4-4 of Report 1
shows that 1.52 inches of runoff reach the sedimentation basin.

The runoff volume is then calculated as follows:

v = A x R/I2
= (18.5 acres) x (1.52 in/12in/ft)
::: 2.34 acre feet

The above runoff volume corresponds to the pond volume required to
contain a 3.5 inch precipitation event at facility 15-1. Therefore, the
required pond volume for a lO-year, 24-hour storm event (i.e., 3.5-4.0
inches) for this pond is 2.34 to 2.91 acre feet.

Table 4-5 of Report 1 shows that the actual pond volume for facility
15-1 is 2.5 acre feet. This is within the required pond volume of 2.34
to 2.91 acre-feet and thus, this pond is considered to be a lO-year, 24
hour pond.

RESULTS:

All the ponds were evaluated according to the above calculations which
resulted in the 11 ponds determined to be IO-year, 24-hour ponds as shown
in Table 2.
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TABLE 1

RUNOFF CURVE NUMBERS
Soil Group

Land Cover Condition A A-B* B B-C C C-D 0

Regraded - Revegetated

Close Seeded Legumes Poor 63 68 73 78 80 82 83
(Contoured &Terraced) Good 51 55 67 72 76 79 80

Sma 11 Grains Poor 61 67 72 76 79 81 82
(Contoured &Terraced) Good 59 65 70 74 78 80 81

Row Crops Poor 66 70 74 77 80 81 82
(Contoured &Terraced) Good 62 66 71 75 78 80 81

Fa11 ow 77 80 86 90 91 93 94
Ave.** 63 67 73 77 80 82 83

Cleared Unvegetated

Oirt Roads 72 82 87 89
Hard Surface Roads (or Pit) 74 84 87 90 92
Paved Surfaces 98 98 98 98

*Where "A-B" soil type was submitted, the median curve number between soil
types was calculated and used in the averaging.

**These average curve numbers were used in the calculations.

Source: Skelly and Loy Engineers, A Compliance Manual--Methods for Meeting
OSM Requirements, McGraw-Hill, Inc., New York, New York, 1979, p. 6
32.
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TABLE 2

10-Year t 24-Hour Ponds

Pond Actual Volume Required Volume 10-Year t 24-Hour Pond?

15-1 2.6 2.34 - 2.91 yes
1S-2 1.6 1. 26 - 1.S8 yes
2S-3 No data submitted on design no
2S-11 1.3 4.74 - 5.91 no
25-7 1.5 10.13 - * no
33-1 48.5 - 3.08 yes
33-2 19.4 - 7.18 yes
37 32.2 47.6 - 67.4 no
38 28.6 - 13.18 yes
85 16.2 17.34 - 24.02 yes**

101 28.2 - 19.16 yes
123 215 - 197.58 yes
181 3.9 6.89 - 8.27 no
182-1 )3.5 - 5.35 yes
182-2 10.0 - 3.50 yes
183 3.1 4.14 - 5.48 no
184 1.9 ?05 - 2.55 yes**
185 6.6 7.40 - 9.15 no
186 3.3 - 2.29 yes
187 20 - 12.37 yes
191-55 125 104.46 - 129.5 yes
191-18 20 15.83 - 20.19 yes
192-4 13.6 4.51 - yes
192-6 16.8 1.79 - 2.26 yes

*Upper or lower limits were calculated wherever it was unnecessary according
to comparison with the actual volume. (For example t for pond 25-7 where
the actual volume is 1.5 and the lower limit for the required volume is
10.13 t the upper limit does not have to be calculated in order to determine
whether or not the pond is a 10-year t 24-hour pond.)

**An error of at least 10% is assumed in these calculations because of
the 1) vast amount of land involved t 2) difficulty in determining pond
depth and therefore pond volume t 3) difficulty in determining precise
amount of runoff, 4) error in precipitation estimates for 10-year, 24
hour storms.
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

SEP 28 1982

The data used here were obtained in a one year self monitoring study of the
coal lIli ni ng industry. The study \'las conducted to obtai n data that woul d support
an evaluation of the effluent limitation proposed for settleable solids. A
total of 24 sedimentation ponds were included in the self monitoring study. These
ponds were selected to span the range of geographical and operational conditions
in the indsutry. A comprehensive summary of the design and operation of the 24
ponds is contained in Coal Mining Industr~ Self-Monitoring Program, Radian
Corporatjon~ May, 1981. Data were collected at these ponds from September~ 1979
to September, 1980 and classified as either II wet conditions ll or "dry conditions. II
IIWet conditions ll refers to data collected on the day of and day immediately
following a precipitation event while IIdryll refers to data collected at other
times. The evaluation of the proposed limitation of 0.5 ml/l for settleable
sol ids is based on the observat ions taken only duri n9 wet condit ions because
the limitation applies at active mine effluents affected by precipitation
events and t although reclamation areas are subject to the limitation under all
weather conditions, only during wet conditions are they likely to have an
effluent discharge.

The Imhoff cone method was used to measure settleable solids in the se1f
monitoring study. The IIH~thod is described in Standard Methods for the Examina
tion of Water and Wastewater and 304(h) of the EPA I s "Methods for Analysis of
Water and Wastewater» as having a Il practicable lower limit of measurement" of
lIabout 1 ml/1. 11 The proposed limitation of 0.5 mlll is below this value. In
fact~ all facilities with effluent discharge in the self monitoring study
reported values ~."ell be1m/1.0 rnl/l. Consequently~ a study was conducted to
exar,line the detection limit for settleable solids using tile Imhoff cone method

Analysis of the data for settleable solids from the coal mlnlng industry
confinns the proposed limitation of 0.5 ml/l is consistent with Agency pol icy
for effluent guidelines. The limitation is supported by data from sedimentation
ponds which serve active mine areas andlor reclamation areas and met the size
criterion as specified in the May 26, 1981 amendment to the coal mining effluent
guidelines regulations proposed on Jaunary 13, 1981. The settleable solids
limitation applies at active mine sites to effluent affected by precipitation
events and at reclamation sites to effluent regardless of weather conditions.
Reclamation area discharges are minimal during dry weather conditions so that
effluent discharge occurs almost exclusively as the result of run off from
precipiation. The data and analysis that support the limitations are
described in this memorandUlll.

Data-

Statistical Support for the Proposed Effluent Limitation of
0.5 ml/l for Settleable Solids in the Coal Mining Industry

R. Clifton Bailey, Statistician ~i1~
Program Integration and Evaluation Sta~~586)

TO: Allison Phillips, Project Officer
Energy and Minerals Branch (WH~552)

FROM:

DATE:

EPA Form 1320-6 (Rev. 3-76)

SUBJECT:
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on coal mlnlng effluent. The study is described in Coal Mine· Drainage
Precision and Accurac Determination for Settleable Solids at Less Than 1.0
m , prepared for EPA by Hydrotechnic Corporation, August, 1982. The study
iiW'Olved field and laboratory detemlinations of the method detection limit
using samples collected at 8 different sedlmentation ponds. The study followed
the procedure described in "Definition and Procedure for the Determination of
the Method Detection Lirnit" [1/21/81 Revision l.ll, by EMSL-CI, EPA]. There
were 8 field detenninations (one fran each pond) of the method of detection
1imit which ranged from 0.04 ml/l to 0.40 ml/l with an arithmetic average of
0.22 ml/l. A total of 10 laboratory detenllinations were made (at least one
from each pond) which ranged from 0.05 ml/l to 0.20 ml/l with an arithmetic
average of 0.12 ml/l. The results of this study support the conclusion that
it is possible to measure settleable solids values below 1.0 ml/l. As a result
of this study the method detection limit for settleable solids in coal mining
was set conservatively to be 0.4 ml/l, the maximum of the field detenninations.

The self-monitoring data are summarized by pond in Table 1. The ponds
are identified by a facility number F and a pond number P as F.P. Thus, for

example, pond 2 at facil ity 15 is des ignated by 15.2. These data were eval uated
and several adjustments were made for the purpose of analyzing the proposed
limit. Ponds 101.2 and 191.55 were excluded frOO] the evaluation of the limita
tion because of design and operational defects as described in the Radian
Report and further docUinented in the Record (Memo to the Effluent Guidelines
Division from Radian: Marc Papai to Allison L/iedeman t September 21, 1982).
Four ponds that were included in the study, 182.1, 182.2, 192.4 and 192.6 had
no discharge and thus yielded no effluent data. One of the twenty-three ponds
originally selected for study, pond 25.3 was taken out of operation in March
1980 and replaced by pond 25.4. In some cases, duplicate observations on the
same day were reported at ponds 25.3, 25.4, 25.7, 37.6, 184.7 and 185.4.
These values were below the proposed limitation of 0.5 ml/l or reported as
nondetect (rW) or trace (TR). In Table 1 these dupl icates have been counted
as a single detennination for that day. This approach is conservative and
consistent with the study protocol. Counting the duplicates as separate obser
vations would give the misleading appearance of higher rates of compliance
since these values were below the proposed limit. Values reported as trace
(TR) were not counted as exceeding the 1ilnit. For pond 37.6, several measurements
of liND 111 were reported during \'Jet conditions. This is a convention for
identifying lfIeasure,nents below 1 ml/l. No additional values were reported in
this manner after June 12, 1980. Values of ND 0.1, 0.15, and 0.3 ml/l were
also reported for this pond. The observations reported as NO 1 have been
counted as not exceeding the proposed limitations of 0.5 ml/l.

Analysis

The objective of this analysis is to establish whether the proposed limitation
is consistent with the usual Agency policy of 99% compliance for effluent liJnita
tions guidelines. That is, if the data delilOnstrate that 0.5 ml/l is met roughly
99% of the time by sedimentation ponds that satisfy design criteria, then the
proposed limit is a reasonable regulatory value.
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((» Values in double parentheses are totals for ponds which exceed size
criterion with ponds 101.2 and 191.55 deleted.

*
t
o

()

-3

TABLE 1

FREQUENCY OF EFFLUENT SETTEABLE SOLIDS VALUES (ml/l) EXCEEDING THE
. 0.5 rnl/l LIMITATION AS REPORTED BY

COAL MINING FACILITIES DURING WET CONDITIONS

# of Observations Total
Pond > 0.5 # of Observations

*15.1 2 13
*15.2 0 12
25.3 0 3
25.4 0 13
25.7 0 16

*33.1 0 66
*33.2 0 65
37.6 0 17

*38.19 0 5
*85.1 0 30

0*101.2 5 42
*123.3 0 6
181.99 0 63

t*182.1 0 0
t*182.2 0 0

183.1 1 16
*184.7 0 30
185.4 2 24

*186.2 0 12
*187.1 0 12
*191.18 2 11

0*191. 55 1 11
t*192.4 0 0
t*192.6 0 0
TOTAL 13 (7) ({4)) 467 (414) ((262)}

Satisfies size criterion.

No di scharge.

Deleted fran analysis (see text).

Values in parentheses are totals \'1ith ponds 101.2 and 191.55 deleted.
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The data shown in Table 1 provide the basis for the analysis of the proposed
limitation. The nUlnber of measurerilents from each pond is variable because the
precipitation events for each pond vary. Data such as this are referred to as
clustered. i.e•• the sampling days are clustered by pond. If the proportion of
sampling days with values exceeding 0.5 ml/l is roughly 1% or less. then the
proposed limit would be consistent with the 99% compliance criterion. The
estimation of (Jroportions for clusters is discussed in Cochran, W.G., Sampling,
Technigues, 2nd ~dition. Wiley and Sons, 1963, pp. 64-70. The analysis employed
here fo 11 ows Coch rani 5 recanlllendat ions.

The overall proportion. p. exceeding the limit is estilnated by
01\.

P = XjN,

where X is the total number of observations exceeding ttle 1imit and r~ is the
total number of observations over all ponds. The variance of p is approximated
by

where

k ::: total number of ponds.
ni ::: number of observations at the ith pond,
~i ::: proportion of observations exceeding the limit at the ith pond,
" ::: average number of observations per pond

k
::: L ni /k •

i=l

The square root of this variance is the estimate of the standard error of~,
denoted by S.E. ([n.

The sample proportion p is compared to 0.01 using the follolf/ing test
statistic

A '"Zo = (p - O.Ol)/S.E.{p).
Ai

If p is substantially greater than 0.01, Zo will be a large positive number.
Using the nonnal distribution to approxilnate the distribution of Zo' the pro-
babil ity of exceedi n9 a part ieul ar val ue of Zo may be cal cul ated. If the pro
bability of exceeding an observed (i.e., a value calculated from the data) value
of ZQ is small (less than 0.05), then the observed rate of exceedance for the pro
posed limit would be significantly different from 0.01 and the 99% compliance
criterion would not be satisfied.

Analysis for Ponds Meeting the Size Criterion

Eleven ponds with effluent discharye data met the size criterion (see
Table 1). For these ponds there were a total of 262 observations of which
only 4 exceeded 0.5 rol/l. That is, 98.47% of the observations satisfy the
proposed limitation. The fonnulas given above were used to estimate the
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proportion p exceeding 0.5 ml/l and the standard error of p. The estimates
are ,.

p = 4/262 = 0.0153

and

S.E. (0.0153) = 0.0121.

The value of the test statistic is

Zo = (0.0153 - 001)/0.0121 = 0.44.

The probability of exceeding this value for Zo is approximated by

Probability { Z ) 0.44 } = 0.330

where Z is a standardized nonnal variate (Tabled values for standardized nonnal
variates are given in most statistics texts. See. for example. Walpole, R.E.
and R.H. Myers, Probabilit and Statistics for En ineers, 2nd Edition,
MacMillian, 1978, Tab e IV, p. 513. Since the probabi ity associated with the
observed value of Zo for the ponds meeting the size criterion is not small. the
data do not demonstrate an exceedance rate for the proposed limit that is signi
ficantly different from 0.01. Therefore, the data support the conclusion that
the 0.5 ml/l value is consistent with the 99% compliance criterion.

Analysis of Ponds Without Regard to Size Criterion

When pond size is disregarded, the data still show a high rate of compliance
with the proposed 1imit of 0.5 ml/l. This result is based on the analysis of
the data for a total of seventeen ponds. without regard to size, (see Table 1;
NB, data for 25.3 and 25.4 were combined because one was a replacement for the
other). From the 17 ponds there are a total of 414 observations of which 7
exceeded the limit. That is, 98.31% of the observations satisfy the proposed
limitations. Now the estimate of the exceedance rate fJ' is

'"P ~ 7/414 = 0.0169

with

S.E. (0.0169) =0 0.00939.

Thus,

Zo = (0.0169 - 0.01)/0.00939 = 0.73

and

Probability { Z ~ 0.73 } =0.233.

Therefore t when data from all ponds without re~ard to size are considered,
the observed exceedance rate is not significantly different fr~n 0.01 and the
proposed 1imit is judged to be cons i stent with the 99% compl i ance c riteri on.

A-95



.6-

Conclusions

Analysis of the available settleable solids data from coal mlnlng
sedimentation ponds demonstrates that the proposed limit of 0.5 mlll is cons
istent with Agency policy for effluent guidelines of 99% compliance. Statistical
analysis shows that the observed exceedance rate is not significantly different
from 1%. This conclusion holds regardless of whether or not the size criterion
for ponds specified in the proposed regulation 1s considered. Therefore, the
0.5 ml/1 settleable solids value is a reasonable and practicable limitation.
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COAL MINE DRAINAGE 
PRECISION AND ACCURACY DETERMINATION
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I. Background

the

1.0

for

to further investigate

settleable solids below

method detection limit

The method employed to measure settleable solids is the

volumetric method outlined in Standard Methods and 304 (h) of the

Agency's "Methods for Analysis of Water and Wastewater." However,

the method for settleable matter determination, specified in these

publications, states that lithe practical lower limit of measurement

is about 1 ml/l."

The purpose of this study was

precision and accuracy of measuring

ml/l. The results determined the

settleable solids· to be 0.4 ml/l.

Eight pond influents and effluents were sampled and settleable

solids tests were run for each pond. Since overflows during rainfall

In the proposed Coal Mining Point Source Category Effluent

Limitations Guidelines (40 CFR Part 434, May 29, 1981), Sections

434, 52, 53, 55 and 63~ prepared by the U.S. EnvironmentalProtec

tion Agency, a limit of 0.5 mlll for settleable solids was speci

fied for discharges from reclamation areas for BPT, BAT, NSPS and

during precipitation events for active area surface drainage.

This limit of 0.5 mlll was established based on the results of

self-monitoring programs in which various. mines sent settleable

solids effluent data to the u.s. EPA. Settleable solids readings

ranged from «0« to 1.0 ml/l.

Purpose

In order to determine the variabili tyand repeatability of

settleable solids measurements around 0.5 mIll, a test program was

planned to develop a precision and accuracy determination for the

measurement of less than 1 mlll of settleable solids for active

area and reclamation area discharges from coal mines.



periods could not be practically obtained, pond influents were used
to spike pond effluents in order to obtain settleable solids of

less than one mIll for the purpose of this determination. Concurrent
measurements and statistical analyses were also conducted on the

samples by the Agency'a Environmental Monitoring and Support Labora
tory in Cincinnati, Ohio.

III. Procedures

To determine the variability at levels around 0.5 mIll settle
able solids, a certain analytical and statistical methodology was

employed. This program involved taking eight samples from various
mine drainage and mining activities (varying in geographical and

soil characteristics, etc.) which were collected for study and
measurement. Seven replicates of each sample were measured simulta
neously in the field. The samples were also measured for pH. In

casea where the effluent levels from either settling ponds or mine

drainage treatment facilities were significantly less tha 0.5
mIll, the influent was used to spike the effluent to provide a

level of effluent within the desired range for determining variabil
ity, precision, and accuracy. The replicates of each sample were
then recombined into one container and shipped to the Cincinnati
Labo~atory in 7 to 8 liter volumes. The laboratory then also ran

seven replicates on each sample by the volumetric method.

The industry was contacted prior to this study and) in most

cases, made concurrent measurements in the field. This provided
three independent measurements, in the field, for most samples.

The analytical method was as specified in the EPA adopted
StandardS Methods procedure for settleable matter (See Reference 1).

This method employs an Imhoff cone (illustrated in Reference 2)
for analysis. All the field data was forwarded to the Environmental

Monitoring and Support Laboratory in Cincinnati (EMSL) where standard
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calculations were performed to determine the lower levels of detec

tion and variability. The same statistics were performed on the

laboratory results. The calculation procedures ar'e described in

Reference 3.

IV. Mine Ponds

Three mine ponds in the East and five in the West were tested.

Eastern Mines

Mine Pond No. 1 - The pond is a preparation plant slurry pond

associated with a surface mine and is located
in Central West Virginia.

Mine Pond No.2 - The pond is a silt control structur'e downstream

of a slurry dam located at a deep mine site
in West-Central Ohio.

Mine Pond No. 3 - The pond is used to settle treated AMD and

1s located in West-Central Pennsylvania.

All ponds tested were located in North Western Colorado.

Mine Pond No. 4 - The pond collects water' mainly from a

reclamation area. Some water' also enters

from a disturbed area.

Mine Pond No. 5 - This pond collects runoff from an active

mining area and from surr'ounding disturbed

areas.

Mine Pond No. 6 - Two ponds r'eceive water discharging from a
coal crusher building and the area around the

building.
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Mine Pond No. 7 - This pond receives runoff from a partially

revegetated reclamation area. The flow en

ters the pond from various drainage ditches.

Mine Pond No. 8 - Water from an active area is pumped to this

pond and runoff from a reclaimed area is

also collected in the pond. The water from

this pond discharges to a secondary pond

before final discharge to the receiving wa

ters.

v. Results

A summary of the result~ obtained in the field and in the

laboratory are presented in Table I. The complete data is presented

in References 4 and 5. It can be seen that the values obtained in

the field were higher than the laboratory results in all but one

case. This difference, in the case of the higher field values, was

probably due to the physical set-up for obtaining the results in

the field. The field set-up was rather crude and the Imhoff cone

holder may not have been perfectly level when the tests were run.

In addition, a magnetic stirrer was not available for mixing

the sample and, in accordance with Standard Methods, the cones were

only stirred once after forty-five minutes to loosen solids which

had deposited on the sides of the cone. No attempt at "leveling"

w~s made in the field. The leveling procedure, described in Appendix

B, could have had the effect of reducing the effects of hindered

settling, thus reducing the apparent amount of settl.eable solids

present.

For Mine Pond No.3, the field measurements of settleable

solids were significantly lower than the laboratory readings. This

pond was used to settle neutralized acid mine drainage in contrast

to the other ponds which removed solids carried by storm runoff and

dry weather drainage. The neutralized AMD effluent contains iron
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hydroxides which, under certain conditions, form a voluminous

floc. During the field tests only a " p in-point" floc was observed

in the Imhoff cones for Mine Pond No. 3 in contrast to the heavy

floc reported for the laboratory results. The heavy floc formed

in the laboratory could have been caused by the use of the magnetic

stirrers which may have produced a floc cu1ating act.1on. In the

field the 2.5 gallon containers were vigorously shaken which

probably broke up the floc into pin-point "size".

The Itlarge" floc particles could have caused the hindered

settling because of entrainment of water due to the clustering of

the large floc particles. In contrast, the pin-point floc may have

allowed the water to separate from the settleable solids thus

resulting 1n lower field values.

The difference between the readings of the seven cones for

each Mine Pond are apparently greater in the field data then in the

laboratory. This is probably due to two reasons, namely; the method

of mixing and decanting of the samples to the seven cones was not

as precise in the field and the readings taken 1n the field were,

in most cases, to only one significant figure. This "problem" in

the field readings is probably moroe representative of what will

happen when actual field samples are taken and measured_

Therefore, we have opted to use only the field results to base

our conclusions on. As noted in Table No.1, the maximum method

detection level is 0.40 ml/l/hr. The mean of the standard deviation

values is 0.08 ml/l/hr. To obtain a 99% confidence level for both

the MDL and the standard deviation, the standard deviation would

have to be multiplied by three to obtain a value of 0.24 ml/l/hr.

This then affirms a method detection limit of 0.40 ml/1/hr.

Conclusions

Based on field samples and analysis of settleable solids both

in the field and in the laboroatory, it was determined that values of
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settleable solids can be read with a reasonable degree of accuracy

below 1.0 rnl/l/hr using the volumetric method outlined in Standard

Methods and 304(h) of the Agency's "Methods for Analysis of Water

and Wastewater". This method has been used for years to determine

the amount of settleable solids in wastewater. The method states

that "the practical lower limit of measurement is about a mIll"

(increments between 0 and 1.0 mIll) and upon observing the cones it

is obvious that readings can be made below the level of 1.0 mIll.

In fact) the method detection limit for settleable solids measure

ments has been statistically determined by this study to be 0.4

mlll for the coal mining industry.
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TABLE NO. I

SUMMARY OF COAL MINE POND

SETTLEABLE SOLiDS TESTING

IMHOFF CONE NO.
Mine
Pond Std.

No. Obser. 1 2. 3 4 5 6 7 Mean. Oev. MD

1 E 0.7 0.8 0.8 0.7 0.7 0.7 0.7 I
C 0.65 0.85 0.8 0.9 0.9 0.75 0.7 J 0.76 0.09 0.23
M 0.8 0.7 0.9 0.7 0.9 0.8 0.6
L* 0.401 0.40/ 0.40/ 0.38/ 0.30/ 0.35/ 0.U8/ 0.37/ 0.038/ 0,121.

0.50 0.55 0.40 0.50 0.40 0.50 "ti. 40 0.46 0.063 0.20

2 E 0.30 0.30 0.35 0.35 0.35 0.30 0.30 -.
C 0.40 0.40 0.35 0.35 0.30 0.35 0.35 ~ 0.36 0.043 0.11
M 0.45 0.40 0.40 0.35 0.40 0.35 0.4 -'
L 0.38 0.35 0.35 0.30 0.30 0.25 0.28 0.32 0.046 0.14

3 E 0.1 0.09 0.09 0.09 0.08 0.08 0.07 I
C 0.1 0.09 0.09 0.09 0.09 0.09 0.07 J 0.094 0.015 0.04
M 0.13 0.11 0.1 0.1 0.13 0.1 0.09
L 0.50 0.55 0.60 0.60 0.50 0.55 0.55 0.55 O. Q41 0.13

4 E 0.6 0.4 0.6 0.5 0.6 0.7 0.9 i
C 0.5 0.4 0.5 0.4 0.6 0.7 0.8 >- 0.56 0.16 0.40
M '0.5 0.4 0.5 0.4 0.6 0.7 0.9 ...:
L 0.58 0.60 0.55 0.65 0.60 0.50 0.55 0.58 0.048 0.15

5 E 0.7 0.7 0.7 0.6 0.5 0.7 0.7
~C 0.7 0.7 0.7 0.5 0.5 0.8 0.7 0.65 0.09 0.25

M J
L* O. SO/ 0,501 0.45/ 0.45/ 0.40/ 0.45/ 0.40/ 0.45/ 0.041/ 0.13/

0.45 0.40 0.40 0.40 0.42 0.42 0.40 0.42 0.092 0.070

6 E 0.7 1,0 O~. 9 0.9 0.8 0.7 0.8 1C 0.7 1.0 0.9 0.9 0.7 0.7 0.8 0.82 0.11 0.30
M J
L 0.50 0.45 0.48 0.40 0.40 0.40 0.40 0.43 0.043 0.14

7 E 0.2 0.3 0.4 0.2 0.2 '0.3 0.2 -,
C 0.3 0.3 0.4 0.3 0.2 0.4 0.2 ~ 0.28 0.08 0.21
M --'
L 0.15 0.) 2 0.10 0.10 0.12 0.12 0.10 0.12 0.018 0.057

8 E 0.3 0.4 0.3 0.4 0.3 0.3 0.5 -;
C 0.3 0.4 0.3 0.5 0.3 0.3 0.5 > 0.36 0.081 0.20
M 0.3 0.3 0.3 0.4 0.3 0.3 0.5 j
L 0.12 0.15 0.15 0.15 0.12 0.15 0.12 0.14 0.016 0.050

.. DUPLICATE TESTS RUN IN LABORATORY

E - EPA, EGO REPRESENTATIVE
C - EPA CONTRACTOR
M - MINE REPRESENTATIVE
L - EPA LABORATORY
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REFERENCE 1

SETTLEABLE MATTER PROCEDURE
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1. General Discussion 2. Apparatus

208 F. Settleable Matter

mg/l scnltablr mann
-mg/lsuspmdC'd miner

-mg/l non5tUleablr maner

4. Calculation

sufficient to give a depth of 20 em. A
glass ~ssel of greater diameter and a
larger volum~ of sample also may be
used. let stand quiescent for I hr and.
without disturbing the settled or Rooting
materi.a~br that which may be floating.
siphon 2SO mt from the center of the
container at a point halfway between
the surface of the settled sludge and the
liquid surface. Delermine the suspended
matter (in milligrams per liter) in an or
in a portion of this supernatant liquor as
direered under Method D. This is the
nonsettling matter.

The apparatus listed under Sections
208 A.2 and 208 8.2. and an Imhoff
conc. are required for a gravimetric test.
The volumetric test requir~ only an
Imhoffcone.

B-11

Settleable maner in surface and saline
waters as well as domestic and industrial
wastes may be determined and reported
on either a'volume (milliliters per liter)
or a weight (milligrams per liter) basis.

3. Procedure.

a. By volume: Fill an Imhoffco~eto

the liter mark with a thoroughly mixed
sample. Settle for 45 min. gently stir the
sides of the cone with a rod or by spin
ning. settle 1f min longer. and record
the volume of settleable matter in the
cone as milliliters per liter. The practical
lower limits is about I mill/hr. Where
a separation' of settleable and Roating
materials occurs. do not estimate the
floating material. .

b. By weigbt:
I) Determine the suspended matter

(in milligrams per liter) in the sample as
in Method D. precedi"nj!:.

2) Pour a well-mixed sample into a
glass vessel not less than 9 cm in diame
ter. Use a sample oC not less than 1 Iand

From: "Standard Methods for the Examination of Water and Wastewater".
14th edition, 1976, APHA-AWWA-WPLF
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PICTURE OF AN IMHOFF CONE
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Trace analyses
for wastewaters

Complete analytical system
Ostensibly, analysts do not directly .

observe concentrations of analyte. The
measurements of the transducer signal.
which are related to the analyte con
centration. are actually observed. In
any analytical system, information
concerning the identity and quantity of
an analyte is contained in the analyti
cal signal. which depends on a large
number of experimental variables.
Since these variables contain a random
component, the analytical signal will
also have a random component char
acterized by a probable uncertainty.
Some part ofan averaged signal must
be a function of the true analyte con
centration. Analysis of the signal pre
cludes the ability of the analyst to
discern the fluctuations of the back
ground from the average value of the
analytical signal for a given concen
tration of analyte.

The relationship between back
ground noise and analytical signal has
been s[udied by many anthors; their
work has helped to develop the defini
tion and evaluation of the detection
limit. A point of reference is necessary
to specify the sources of background
noise contributing to the overall ana
Iy~ical. signal. Kaiser (J 2) has been a
major figure in this development. He
has centered his thoughts on the de
tection limit of a "complete analytical
procedure." Such a procedure or
method is specified in every detail by

detection'limit should be related to the
standard deviation of the measured
values at or near zero concentration of
the analyte (J J).

There is no doubt that the detection
limit is one of the most important
performance characteristics of an an
alytical procedure. In most cases, a
detection limit must be viewed as a
temporary limit to current method¥
ology.

This llrtiele nol sub.iect to U.S. Copyright. Published 1981 AAloi:Idcan ChemIcal Society
. B-19

ority pollutants, it was incumbent on
EMSL to develop method perfor¥
mance characteristics for these meth
ods. As advocated by Wilson (6),
method performance characteristics
are specified criteria that detail the
ability of a method to analyze for an
alyte.

Clearly, analyte detection is a fun
damental criterion of performance for
an analytical system. Any analytical
system is constrained by an inability to
discern the signal due to noise from the
signal due to the presence of analyte at
low concentrations. The limit of de
tection for a given analyte can be de
fined as that concentration of the an
alyte which can be detected at a spe
cific confidence level.

The concept of detection limit has
been the focus of debate (7). The
controversy generally centers on defi
nitions that vary with the analyst (8).
Confusion arises when instrumental
and method detection limits are com·
pared and sometimes used inter¥
changeably (9). Moreover. detection
and determination have also been
concepiuatly intertwined by some in
vestigators (10). Although definitions
of the detection limit for a given ana
lyte vary. investigators concur that the

John A. Glaser
Denis L Foerst

Gerald D. McKee
Stephan A. Quave
William L. Budde

U.S. Environmental PrQtection
Agency

Environmenral Monitoring and
Support Laboratory

Cincinnati. Ohio 45268

Method detection limit, a new performance criterionfor
chemical analysis t is defined as that concentration ofthe
ana/yte that can be detected at a specific confidence level.

Both theory and applications are discussed for reliable
wastewater analyses ofpriority pollutants

The development of trace analysis
methodology brought with it a series of
questions about method performance
at low concentration levels of af\alyte
(1,2.3). Under Section 304(h) ofthe
Clean Water Act. as amended in 1977,
(4) the Environmental Monitoring and
Support Laboratory (EMSL) in Cin
cinnati is responsible for providing test
procedures for the measurement of
specified pollutants at trace concen
trations in municipal and industrial
wastewaters.

A series of procedures was pub
lished in the Federal Register for the
analysis of the 129 priority pollutants
(5). These procedures are designed to
monitor direct discharges from in
dustrial and publicly owned treatment
works (POTW). sources under the
National Pollutant Discharge Elimi¥
nation System (NPDES). and dis
charges into a POTW system under
pretreatment regulations. The 304(h)
monitoring methods for organic anal
yses are of two types:

• 12 methods designed around
gas-liquid and high performance liq
uid chromatography with standard
detectors and modest operational skill
requirements for the permit bolder

• three methods that employ a mass
spectrometer as a de.tector for multiple
measurements with minimal interfer~

cncc.
To meet the needs associated with

these methods for analysis of the pri-
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(6)

specify. parameter for performance
meas~remcnt or cath method oranal-
ysis.' '

The method detection limit refers 10
samples proces~ throu&h all the steps
comprising an established analytical
procedure. The fundamental differ
ence bctwee!' our approach to detec
tion limit ana former errortsis the
emphasis on .the operational eharac
ter.stics of the definition. MOL is
considered operationally meaninaful
only when the method is truly in the
detection mode. i.e., analytc must be
present. rhe melhod delution limit Is
dtfined liS ,h, minimum ronumration
01 II sub.flon(t Ihal ran be idtl1lifltd.

(H)'" .!f+ Ie
Ie C '

The regression equation Is now 'In a
form compatlbl. to find MDI., IUCh
that

c
to • Sc!(H)"1

(ot)

Ihen

(H),1t .!s
(5),. C

and the regressIon equtllon be-
comN:

.. expected to be apprl?xlmated by a
student'. f distribution. By defining ~
II:

..
t.e:lL

• §N-' fit. '-o-.HI 11'0 w. (7)
(H)"' - Ie,ft",..., lit. ,-.......

It must be emphasIZed that leo Is
conceptually no longer the sa~le

standard deviation It zero concentr..
lion, • concept which necessitates ..
pOS$lblJlt)' of negallve analytical ....
sponses at zero c:oncentralion Of ..
lyle. Now leo II the linear tJond In 1he
reg-esslon of (N)""1c: VI. "C, which
In practical terms means that analyti
cal responses at zerO concentration
ar. not nece$W)' 01' Implied In the
determtnatlon Or MOL. For obvious
economIc reasons. the 'Quatlon for
MOL can be reduced to:

M:JL. ~, _. 1-......S• el)

by ..ttlng the Intercept k, to be equa'
10 zero and setting ko/(N)'" equal to
S~ where Se r,f8l'1 to the ,tAndan:I
devlallon of r.pllcate dotOfmlnatlona
at • fixed conc.ntratlon.

VOUN '1. tMlber 12,~ , •• , Mlf

Theory
can be approximated by apolynomial
ofde;r.. N.

"c· "0+ k,C
+k~'•••+~N (1)

Since economic conslder.tlOns
demand that the MOl be determined
with • limited number Of arwtysn,"
standard deviation Se employed In
hit calculatIons Is en estimate of the
populatIOn standard deviation a.. If the
1nI1. of !he standard ilddilion (aplJce)
Is measured ICCI'.t.,y, the coeffI
cients and Intercept for the pOIynomIaJ
model may be estlrNted by lintif' ..
wesIIon. this model can be lrIM\cated
to • first order equation:

Se • to +IetC (2)

The fOtm of the MOt dlstr~Dfl

.ssoclated wIth these conslderatJont
"Irrelevant. bill we assumOd that the
number of Independent error~
nents, associated with most anal)'tlcal
I)'Stems. will be large enough to ~
voke Ihe centr.1 limit theoram.
TherefOte, the normal dlstrlblllion will
be • good approximation of the error
dl$trlbution assoc:lated wIth Illy ana
lytical determination (f6. 'n.

To help avoid. negative estlmate of
leo. ile regression ~uatlon can be
Iransforrned by. dividing bough by
c..
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!I • !!... k1 (3)
C C

;.. rt9ess!on on SJC vs. '10 wnl yIeIcl
IN estimated slope ko and the inter
cept Ie,. The estimate of the .slope
Ihoukf be Jess sen,ftlve to nonrandom
ltTora than the Intercept ..tlmate.
Hence•• negative _tlmal.) of kt oflen
may be .voIded.

SInce • limited number of~'e.
wUl be u.ken ,t each concentration.
... ..,.Ot distrlbUllon of INs ~'Ing

• the particulilrinstrumcnt3tion
used.

The purpose for devclopina • pro
cedure to evaluate detection limits was
10 design. mcthodoloa)' not limited by
iAstrumentation or .nalytical ",cth·
odololY. For prasmatic reasons. we
rocused on.n operational definition of
detection limit. The analytical meth·
odololY for priority pollutants served
.. a basis for the concepts concernina
the melhod detection limit (MOL).
Each of the methods comprislns this
methodoloSY is designed to constitute
• "complete analytical procedure·' or
"complete analytical system." Intesral
to thesc concerns was an attempt to

"'...ur'\f ana'ttl conc.nlraUon

J

'The MOL can be presented .. an
~ dlslrlblJtion. The defJllItlon 01 M:)L.
Impl}es 1hat, on an aver.ge, .11~ of
the trials rNlSl6lng the analyte OOA

centr.tlon at the MOl. nwst be llOnlfi
cantl~ different from sero Maltte
concentr.tlon. A one-.Ided tell ..
performed to .v.l~t. this hypoth.....

TNs gr~Ical description or M:lL ..
baNd on the assumptions that tht
MOt distrlDution • .,oclated with lht
.-.lytlc:af meas"ement. In • ,,,,,l
clently large nelghborftood proxlmat.
to the MOl, has a relatively h0moge
neous variance 1M Is normally dis
trlbllled. A. tufflclently ....ge neigh
bomood Is i&*lriecl to accommodate
0lA" recommendatlona for the InIdaJ
e,tlmate of the MDL.

Basic to these concepts II the as
sumption It\IIt the variability of an ....
alytlcal meawement. as metlSlIed by
the standard deviation tlo. Is a f\a'\ctIo;I .
of the concentration belnp me.",eeI
tic • fCC). Ellperlence has shoWl\ \hit
the variance IIrelatlve!)'~
over. relatlvety large concentration
range. Alternatively. one may say that
IN varlabUlIy II reasonably smooth
Ovar the linear range of an anal)1lcal
method. Sudl a. functlorlal ,esportM

the thlOry: method eslt.enon IInIl
dlplctld .1 In error dl,trlbuUon

(;ttJ ","orkina directions (order o(
uil)'sis) I.nd is directed (or usc .t •
panicular analytical task. The specif
ics of • "complete analytical proce
dure·· include a predetermination of
everything associated with the ana
lytical task: the apparatus. the cxternal
conditions. the experimental proce
dure. the evaluation of resutll. Ind
calibration of the anatytical system.
Thompson Ind Howarth (13) hive
expanded this concept to develop an
Inal)'ticallystcm that comprises:

• Isct ofsamples of the analytc in
••pecinc manix

• In c'lletly defined analytical
proecdurc



measured. and repurred with 99%
confidt'nce Ihal Ihe analylt' concen
Iralion is greater than zerQ and is de
terminedfrom replicale analyses ofa
sample of a given matrix containing
tlna{yle (14). '

Sil'lgle step procedure

The procedure for determining
MDL is based on the analysis of seven
samples of the matrix containing an
3lyte. If the MOL is to be determined
.in reagent (blank) water, a laboratory
stand~rd of the analyte in reagent
water IS prepared at a concentration at
least equal to or in the same concen
tration range as the estimated MDL.
We recommend that (he analyte be
added to the water to give a final con
centration between one and five times
the estimated MOL. When the MDL
is to be determined in a sample matrix
other than reagent water, J\nalysis of
the sample background i~ fe(lnired.,

If the measured level of analyte is
less than the estimated MOL, the an
alyte is spiked into the matrix to bring
the level of analyte to a concentration
between one and five times the esti
mated MOL. Should the .measured
level of analyte be greater than five
times the estimated MOL, two options
exist:

• the analyst is required to obtain

this theory Is tested by collecting
data from a limited nunber of samples
at 8 sIngle concentration estimated to
be In 8 sufficIently large milghborhood
proximate to the MOL The dIrections
given to guide the analyst In estimatIng
the MOL are the"followlng:

• the concentration value that
corresponds to an Instrument slgnalf
noise In the range of 2.5-5. If the al
tefIa for qualitative ldentlflcatlon of the
&Mlyle Is based upon pattern reCOQ:'
nltlon techniques. the least abundant
sIgnal necessary to achieve !dentin·
cation must be cons1dared

• the concentration value that
corresponds to ttvee times the stan
dard deviation of replicate Instrunental
measurements for the analyle I~re

egentwater
• the concentration value that

corresponds to the region of the atan
dard 00'V8 where there Is 8 significant
change In aensltlvlty at low analyle
concentrations, I.... a break In the
elope of the standard cuve .

• the concentration value that
corresponds to ~wn Instrumental
limitations.
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another ~ample of the same matrix
with a lower level of analyte present

• the sample may be used as is for
the MDL determination if the analyte
level does not exceed 10 times the
MOL of the analyte in reagent
water.

The error variance of the analytical
method changes as the analyte con
centration increases above MOL.
Hence, MDL values determined in a
matrix comaining a high analyte con
centration may not truly reflect
method error variance at lower analyte
COncentrations.

A minimum of seven aliquots of
matrix are processed thrO,ugh the en
tire analytical method and the MOL is
calculated. All concentration calcu
lations are made according to the de
fined method, with final results ex
pressed in the method reporting units.
If a blank measurement is required to
calculate the measured le,vel of ana
lyte, the analyst must obtain a separate
blank measurement for each sample
aliquot analyzed. The average blank
measurement is subtracted from the
respective sample measurements.

It may be economically and techni
cally desirable to evaluate the esti
mated MDL before proceeding with
the analysis of the seven aliquots. This
will prevent repeating the entire pro-

Testing the theory

The analyst's experience Is not In
tended to supersede any of the other
considerations, but It does provide for
crucial Input of any relevant back
ground wIth which a decision can be
reached If the other directIons for es
tImation are either Inoperative or do
not give a clear choIce for estimating
the MOL,

Invoking these criteria for estimation
of the MOL Involves a rIsk such that If
the Inl1lal estlmates of the MOl are not
proximate to the (true) MOL, the cal
QJlated MOt will be much In en"or. The
assumptions Involved In the estimation
of the MDt. can be tested in one of two
ways:

1. The estimated MtJL Is equal to
the calculated MDL,lf the 95 % confi
dence Interval of the calculated MOl..
contains the estlmated MOL value.

2. ff «he condition set forth In Item
1 Is not satIsfied, then an IteratIve
procedure. where the most recent
calculated MOL value Is used as the
next estimated M:JL, must be used ~UI

the variances of successive iterations
do not differ usIng the F teat. ..

Ciearly, the MOlls prescribed by
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cedure and ensure that the MOL de
termination is being conducted at the
correct concentration. It is quite pos
sible that an incorrect MOL could be
calculated from data obtained at many
times the actual MOL even though the
level of analyte would be less than five
times the calculated method detection
Jimit.

To ensure that the estimate of the
method detection limit is a good esti
mate, the analyst must determine that
a lower concentration of analyte will
not result in a significantly lower cal
culated MOL. We recommend initial
analysis of two aJiquots of the sample
for this purpose. Should these mea
surements indicate that the sample is
in the desirable range for the MOL
determination. five additional aliquots
are processed through the MDL pro
cedure. If the sample is not in the cor
reet range, the MDL must be reesti
mated and seven new aliquots of the
sample matrix processed as de
scribed.

The standard deviation of the seven
replicate measurements is calculated
and the MDL is com,uted as

MOL := t(N-l,l-a-.9'» X Sc (9)

where:

t(N-I.l-a-,99)

any attending Instrumental detection
limits. The proce<:li..re to determine the
MOL was deslgn&d to apply to 8 wide
variety of sample matrices ranging
from reagent (blank) water containing
analyte to wastewater containing an
alyte. Thus, the MOL for an analytical
proCedure may vary as a function of
the sample type (matrix). The devel
oped procedure requires 8 complete,
specific, and well~eflned analytIcal

.method. All sample processing steps
of the analytIcal method must be In- .
eluded 'In the determination of the
method detection limit.

A auclal point Is that the MOL for a
given analyte In 8. given matrix does
not preclude qunntltatlon below the
MOL. However, when quantltatlon
below MOL Is pll"sued, the confidence
Interval estImate of an &Mlyle c0n
centration below MDI. will be greater
than at MOL for a given conlidence
Ievet and 8 gIven analytiCal effort. In
other words. It would require 8 g-ester
number of samples to IV\8lyze for an
analyte concentration below MOl to
achieve the same confidence limits
attached to the MOL.



is the student's t v;llue for a one-tailed
test at the 99% confidence level with
N - I degrees of freedom. Sc is the
standard deviation of the seven repli
cate analyses. Confidence-interval
estimates for the M DL are computed
\1t'ing percentiles of the chi square over
derees of freedom distribution
(X /dj). The 95% canlidcncc limits far
the MDL are computed in Equations
10 and II:

UCL MDL > MOL
p.OB

> LCL MDL (10)
P.975

where the percentile values are ob
tained from the x~/dfdistribution for
the associated degrees of freedom
(df =6).

LCLMDL =0.64 MDL
UCLMDL =2.20 MOL (11)

The confidence limit expressions
reduce to Equation 11 where LCLMDL
and UCL MDL are the lower and upper
95% confidence limits of the MOL
based upon the analysis of seven ali·
quots.

ICtrath'e procedure
An additional procedure is pre

sented to test the reasonableness of the
MOL estimate and subsequent MOL
determinations on the same matrix.
The initial calculated MDL is tested
by spiking the matrix at the calculated
MDL and processing the seven sam
ples through the entire MDL proce
dure. At each iteration of the MDL
calculation, the variance from the
current MDL calculation and the
variance of the preceeding MOL cal
culation are compared by computing
the f-ratio, which is compared with
the tabulated F-ratjo. FO,95(6.6) =3.05.
If the computed F-ratio is less than
3.05, then the pooled standard devia
tion is calculated using the standard
deviation of the current MOL deter
mination and the preceeding iteration.
The MOL is then calculated in Equa
tion 12:

MOL =2.681 X Spooled (12)

where:

2.6B] is equallo 1(12.1-..-.991

and Spooled "" [(SA2 + SB2)/2)1/1

The confidence levels for the MDL of
the iterative procedure are computed
from the percentiles of the chi squared
over degrees of freedom distribution
with degrees of freedom (N "" 12)
based on 14 aliquots. Two degrees of
freedom are lost in the l'alculalilll' of
the average:" of the two ~ct:, of sc;ven

aliquots.
The confidence limit expression for

the MDL based on the iterative pro
cedure reduces to

lCLMDL E: 0.72 MOL (13)
UCLMoL = 1.65 MDL

where LCLMDl and UCLMDL (13)
are the lower and upper 95% confi
dence limits of the MOL based on the
analysis of 14 aliquots.

Whell"the analyte is present in the
matrix at a relatively "high" concen
tration, measurement of the MOL is
not meaningful. If the analyte is found
at a relatively "low" level in the sample
matrix, the sample at that analyte
concentration may be used as the ini,
tial estimate of the MOL, and the
sample aliquots processed through the
MDL procedure. However, ifthe cal
culated MDL is lower than the back
ground level of analyte present in that
matrix, the iterative procedure cannot
be used. Convergence of the iterative
procedure will depend on the closeness
of the estimated MDL, or the back
ground level of analyte present in the
matrix, to the calculated MDL.

Reporting information
The analytical method used must be

specifically identified by number or
title and the MOL for each analyte
expressed in the appropriate method
reporting units. If the analytical
method permits options affecting the
method detection limit, such options
must be specified with the MOL value.
The analyst must also report the mean
analyte level and specify the matrix
used with the MOL. If a laboratory
standard or a sample that contained a
known amount ofanalyte was used for
this determination, the mean recovery
must also be reported. If the level of
analyte in the sample is below the de
termined MOL or does not exceed 10
times the MDL of the analyte in re
agent water, no MDL value is re
ported.

Applications
Method detection data were col

lected for the organic priority pollutant
methods and are displayed in Tables
1-5. Data for Method 603-acrolein
and acrylonitrile are currently un
avaHabk The tarl.er estimates of de
tection limits cited in Reference 5 were
based solely on signal-to-noise cri
teria.
" Some of the reported MOL values

in the tables are at concentrations
higher than had been anticipated. Low
.values for MOL are closely tied to the
:learning curve of each method. Expe
rience has demonstrated that the an
alYf.t who has extensive experiem:e
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with Jl!,given method is more likely l,

genenite lower MDL values than an
analyst with only cursory experience
with the method.

The optional iterative scheme was
developed as a response to high MOL
values in these tables. These larger
values are attributed to a mistaken
estimate of the MOL. The closeness of
the initial estimate to the final calcu
lated MDL is a critical concern in
using this procedure. The tables are
organized according to each method
and its particular set of analytes.
Background, spike level, percent re
covery, and matrix types are included
as specified in the reporting require
ments for the MDL.

Some analytes in Tables 2 and 3
gave wastewater background levels
that range from 18 to 90000 times
larger than the'1'espective reagent
water MOL value; therefore, no
wastewater MDL value should be re
ported. However, the wastewater
MDL values are included to illustrate
that the MDL procedure can give
meaningless values when the analyte
or analyte plus interference is present
at levels much larger tban 10 timc5 the
MDL value in reagent water.

For these analytes, the calculated
wastewater MOL values averaged 240
times larger (range 6 to 1150) than the
respective reagent water MDL value.
There are analytes in Table 2 that
exhibited wastewater background
levels thal range from 0.8 to 8 times
the respective MOL value in reagent
water. The MDL procedure gave
meaningful values for these analytes
since the wastewater MOL values
aver;lged 2 time~ larger (range 0.4 to
9) than the respective reagent water
MOL values.

Method 602-purgeable aromatics
This is not a purge-and-trap method

using packed column gas chromatog
raphy and a photoionization detector.
The MDL values listed in 1 able I for
the pur£cable aromatics are quite
reasonable for reagent water although.
except for toluene, the recoveries are
consistently over 100%. The MOL
values calculated for the two waste
waters are derived from background
analyle levels whc:n the analyte was
present in the wastewater and from
spike levels when absent. Recoveries
and MDL values for analytes spiked
into wastewater No.1 are reasonable
but the MOL value based on the
background concentr;:ttion of 1.2-di
chlorObenzene is not. The MOL value
ror l,2-dichlorobenzene renects a large
variation in the analyte background
level. However, the MOL vah:~ loses
;, '.' "!lee the analyte is piesent
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.tABLE 1
Method detection IImlUor purgeable aromatlc8 a8 analyzed by Method 802 (12)

• Effluent from ehemleallnlermedletes rnMuIacuer.
• Effluent from rubber. plasticizers and specialty chemlcela m.nufaetldlO r.clllly
• Badll1Ol'ld greeter lhlIn .10 tlmU CI.Ieula1ed MOl. In reagent~. .

74 0.111
511 0.22

.Nt...a. w '"
tIo.1- .

presence of coeluting or interfering
substances, the analyst chose to modify
the MOL procedure. In liome cases,
when the water contained pesticide or
PCB analytes, direct calculation of the
standard deviation was prevented by
coeluting, interfering materials. Large
fluctuations in the background were
observed, which attenuated the utility
of the blank measurements.

Since the response of an interfering
species and analyte was being mea
sured, the variability of the response
represented the total variability due to
both compounds. In this case the cor
rected variance of the sample, calcu
lated by subtracting the variance of the
background from the variance due to
the analyte plus background was
used to calculate the MOL Two ana
Iytes in wastewater No.1, endosulfan
sulfate and -y-BHC. required this
treatment. In wastewater No.2, this
alternate scheme of variance calcula
tion was used for J3-BHC, a-BHC,
"Y·BHC, endosulfan sulfate, aldrin,
and endosulfan II. The MOLs in
wastewater No. I are fairly consistent
but considerably higher than the re
agent water MOL values. The MDL
values for wastewater No.2 compare
mOre favorably to the reagent water
than do those from wastewater No. I,

A_.. ,., A....... ,.,
IIIDL. r_".., MDL _".., IIII:lL

0.08 74 0.06'
0.13 '''2 f 0.09

. 0.5012

0.50 10
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• PIgment~1tIg _ ..~_:

• AnlllnfllY1llllllfacturlng was.........
• BlId<(P'OlDl _ 0.01 ¥gII..

TABlE 2
Method detection limit for benzldlnes as analyzed by
Method 60S (24)

Organochlorine pesticides and PCBs
Method 608 is a GC method using

packed column chromatography and
an electron capture detector (ECD).
The MDL values of the pesticide and
PCB analytes in reagent water listed
are generally equal to or lower tban
those reported as estimates with the
earlier version of this method (5).
Heptachlor epoxide analysis exhibited
anomalous behavior in reagent water.
This resulted from the presence of an
interfering chromatographic peak that
clearly coeluted with the compound,
thus requiring blank measurements. In
many instances, the level of this in
terference did not remain constant but
was variable for the aliq uots of a given
matrix. In this case, the blank did not
necessarily represent the background
concentration of the interfering species
in the sample. By averaging the back
ground, we assume that a more reliable
measure of the background is ob
tained.

The basic approach to determining
MOLs in wastewater was the same as
for reagetn water. However, in the

oxidant and amine), low recovery of
the amine can occur at low concen·
trations of analyte and relatively large
concentration of oxidants.

.............. • ......'wNo. ,- W.M•••,,, .... t'a. i_... iiiIl. i_... ..,.. AMf-e-

~

_.... ,. ... ...... ...,. , lID.
..at;.-.

...... ,. ...
CHIlo) -r ~) •BlICllgrGllflCl CHIL) -., CHIL) CIItJI.) --r. CH/L)

8enlene 0.1. 131 0.1. G." 0.0 ~.'--- '1.14 41. " 0.0 30.00

ToIueM D.IS 10 0.2 J.e· 0.0 1.15' 13& '0.0 230G

Ethyl8enlene 0.5 120 0.2 0.0 0.5 '00 0.2 '0 0.0 34°
(:tIlorObelUene 0.5 120 0.2 ~.O 0.5 '10 '0.2 ~n 0.0 197°.
1.2;PidllorobenUne 0.5 120 0." j4c, Cl.O lOll 1.8 o.d 0.4'
1,3.D1ch1orobenzene 0.5 ,120 :0.• 0.0 '0.$ 10 q.s 1.t 0.0 1.0.'.. '.

1..t-Di<:hIorobenzene 0.5 '''0 0.1 .~.o 0.' ....0 "Q•• 7 0.0 ·1.7et

in determinable quantities. The MDL
values in wastewater No.2 are simi·
larly innated.

Method 60S-benzidines
This is a HPLC method using re

verse-phase chromatography and an
electrochemical detector. The MDL
value (or benzidine in reagent water
was determined using an electro
chemical detector pote.ltial of +0.8 V
vs. S.C.E., while in the two wastewa
ters, the MOL was determined using
a potential of 0.6 V due to the presence
of interfering peaks at 0.8 V. Reducing
the potential gives more specificity [or
benzidine but also lowers the instru
mental sensitivity. Oichlorobenzidine
was determined at +0.8 V in all ma
trices. The estimated MOLs published
with the earlier version of this method
($) have nearly been achieved. Ir the
Teagent waler and waSlewater No. J,
the MOLs arc within a factor oftwo of
those originally estimated. while for
wastewater No. 2 they are approxi
mately a factor of 4 higher for ben·
zidine and a factor of 2 higher for
dichlorobenzidine. Recoveries of
60-700/0 for benzidine and 50-70% for
dichlorobenzidine were achieved,
similar to those obtained in the original
method development. To achieve these
MDLs, it was important to eliminate
all oxidizing agents from the sample
matrix. Residual chlorine, which is
recognized as a notorious oxidant, was
decomposed by adding 35 mg/L so
dium thiosulfate to each wastewater
and reagent water. The reagent water
was adjusted to a neutral pH prior to
spiking the sample matrix with ana
Iyte.

The low recoveries at low spiking
levels are probably due to oxidation
during sample processing. Since such
oxidation reactions arc overall second
order processes (first order in both
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TADLE l:I
Method detection limits for pesticides and polychlorinated biphenyls as analyzed by methOd
f'1\8 (25) -............ Waet_lI'I.. 110. " • _..-......,Mo.2·

... '.".1 A........ % MOL ~...... 8p11c. Iawel AWM", % MOL 8pIk' IeYaI A_... % MOl.c....... c...,..) --r (HIL) "wei tfl8ll.) (1Ig1L) -..y ~). CIlg1L) -err CH/L)

a-BHC 9.8 89 .003 260" 0.0 0.184' 1••0 72 0.013
/U»C 2U 87 .DOe 30.0 184 0.OS9 30.0' lM 0.011
MHc 19•• .1 .009 43.0 84 0.012 43.0 t4 0.023
,oBHC 17.2 103 .004 20.0 S20 0.283 20.0 101 0.007

'DOD 52.0 100 .011 &2.0 77 0.031 52.0 711 0.029
DOE 2•.0 96 .004. 20.0 1211 0.038 20.0 71 0.008
DDT 70.0 SIt .012 10.0 78 0.049 au 71 0.030
EndosuIfan 1 25.2 12 .01. 46.0· 18 0.081 73.0 89 0.058

·EndosunanH 48.0 87 .004 12.0 37 0.009 21.0 eo 0.013

Endoeulfan sulfate 272.0 81 .080 150.0 105 0.30 S29.0 14 0.262
Heptachlor 1U 8t ;l)O3 '.0 715 0.055 > 18.0 89 0.009
Heptaet\lO{ epoxlde 18.4 153 .oas 0.0 155 0.148 85.0 80 0.021
Aldrin . 1..... 84 .004 20.0 140 0.055 20.0 '80 0.005"
~ 30.4 100 .002 8,0 276 0,017 13.0 107 0.010
Endi'in 43.2 101 .008 3ta 0.0 0.079" 32.0 70 0.031
QlIordIIne 1&2.0 99 .01.
Toxaphene 1H.0 99 .235
PC8124! 188.0 80 .oes
• Elfluent from a pesticide manufaetwlng plant.
• Effluent from an OI'gatllca and plUtlca manutIlCtUrlng plant.
• Bacl<~ lrNt... lhen 10 time, t.Q.1n rugent WlIter.

and renect the lower background of
electron capture-sensitive materials
present in wastewater No.2.

Polycyclic aromatic hydrocarbons
Method 610 is a reverse-phase

HPLC method using UV and nuores
cence detectors. From the data in
Table 4, it is obvious that both recovery
and precision for !)lost of the PAHs
were good, generally ±10% precision
and 90-100% recovery. in all matrices.
Auoranthene was the only analyte that
was significantly different. In one ali
quot of reagent water, the result for
nuoranthene was nearly twice the
spike level. There is a possibility that
this aliquot was doubly spiked; this
would explain the unexpected accre
tion of analyte. Hence. the MDL for
nuoranthene in reagent, water is
skewed toward a higher concentra'tion
because of the higher value of the
standard deviation. Precision and rep
covery data for fiuoranthene in the two
wastewaters, one of which had a de-'
tectable background level of nuoran
thene. were considerably better than in
reagent water.

TLe Ouoranthene MOL data for the
wastewaters is probably a better indi
cation of the precision of the method,
providing that blank contamination is
not a problem. The single reagent
water aliquot giving a high result for

nuoranthene was probably contami
nated in some way. On occasion,
nuoranthene has been observed at low
i:oncentration levels in reagent water;
this points to nuoranthene as being the·
PAH analyte most likely to present
contamination problems. This obser·
vation is more credible since nuoran·
thene is a highly fluorescent compound
under Method 610 assay conditions,
and is one of the most commonly found
PAHs in environmental samples.

The MDL values obtained for the
PAH analytes in these three water
matrices are all equal to or lower than
those estimated in the earlier version
of the method (except for nuoranthene
in reagent water).

1t3t7.&-TetrachlorodibenlOw-p.
dioxin30

Method 6]3 is a gas chromatogra
phy/mass spectrometry (GC/MS)
method that requires use ofa capillary
column, which uniquely separates
2,3,7,8-TCDD from the other 21
TCDD isomers and specifies operating
the MS detector in the selected ion
monitoring mode (SIM) of data
lcquisition. The MOL value
'for 2.3.7 ,8-tetrachlorodibenzo-p·di.
oxin (2,3,7,8-TCDD) in reagent water
is 0.002 p.g/L and is slightly lower
than the detection limit given in the
earlier version of this method (5). The
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spiking level in reagent water was 5.0
nglL, which gave an average recovery
of 95%.

This method has extremely high
selectivity and sensitivity for 2,3,7,g
TCDD. Qualitative identification is
based on pattern recognition using the
ratio of the response for the ions at m/z
320,322, and 257. The seven aliquots
of reagent water at 5 nglL gave an
average ratio of 0.79 ± 0.04 for the
ions at mil 320 and 322.

The response for the ion at m/z 257
is approximately 30% of the response
for the ion at m/z 322. Refinement of
the MDL value through reiteration of
the MOL procedure using a spiking
level of 2 nglL will demonstrate that
the MDL is not significantly lower
than 2 nglL and will also demonstrate
that qualitative identifications can be
made if the 2,3,7,g-TCDD conctn
tration is 2 nglL.

Base/neutrals, acids & pesticides
This GC/MS method employs

packed columns and requires operating
the MS detector in a repetitive scan
mode for data acquisition. The reagent
water MDL values for 62 of the 72
analytes in Method 625 are given in
Table 5. All MDL values are lower
than the detection limits specified in
the earlier version of this method (5).
The table includes values for PCB-
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TABlE •

Method detection limit for polycyClic aromatic hydrocarbons 8S analyzed by Method 810 (27)
"e~ ..... Wuteweter .... , e w......,.. No. 2"

spiked at a lower concentration in the
Method 625 MOL study and gave a
slightly lower MOL value compared to
Method 606.

Method 625 and Method 606 show
opposite trends in the average recovery
of the phthalates. In Method 625 re
covery increases with increasing re
tention time, but decreases with in
creasing retention time in Method 606.
All Method 625 MDL values are close
to the spiking values; therefore, itera
tion of the MOL procedure for the
phthalates may not result in much
different MOL values.

The nitroso analyte in the Method
625 MOL study exhibits an MOL
value consistent with the differences in
instrumental sensitivity between
Method 625 and Method 607. In
Method 625, the spiking level was 12
times higher than in Method 601 and
the calculated MOL value was 17
times higher.

The pesticide analytes that survive
the basic extraction step of Method
625 show MOL values between 27 and
1400 times higher than the corre
sponding values in Method 608. Hep
tachlor epoxide displayed the least
difference and 4,4'-ODE displayed the
greatest difference. The average reo
covery in the Method 625 MDL study
is general\y lower than tbat in Method
608; however, no recovery was greater
than 100%, as was the Case in Method
608. The pesticides a-BHC, 'Y.BHC,
endosulfan I, endosulfan II, and cndrin
were lost during the basic eXt! letio"
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625 and at 15.4 JAg/L for the Method
604 study. The corresponding spike
levels for pentachlorophenol were 10
Ilg/L and 2I Ilg/L. Thus, the inter
action between instrumental sensitivity
and spiking level can be seen to have an
effect on the calculated MOL. The
remaining phenolic analytes gave
MOL values for Method 625 that were
between I.S and I t times larger than
the corresponding values in Method
604.

The reagent water MDL value for
3,3'-dichlorobenzidine in Method 625
is 250 times larger than that value in
Method 605. Since the average re
coveries for this analyte are approxi
mately equal in both methods, this
large difference renects instrumental
differences in both sensitivity and
chromatography. As a rule, amines
chromatograph much better under
reverse"phase HPLC conditions than
gas chromatography conditions. No
MOL value for benzidine is reported
with Method 625 because of losses
experienced in the drying and con·
centration steps.

In those cases in which the phtha
tates were spiked at higher conCen·

,trations in the Method 625 MOL
study compared to the Method 606
study, the MDL values were approxi
mately four to seven times higher than
the Method 606 MOL values, Bis(2
cthylhexyl)phthalate was spiked at
nearly identical concentrations in both
MOL studies and gave nearly identical
MDL values. Oi·n-octyl phthalate was

Napthalene 4.1 1CW 1.8 13 1.2 80 2.9
Aoenaphlhylene 8.0 15 2.3 ' to 2•• " 88 4.0
Acenaphthene 4.9 100 ,,1.8 ,88 '1;5 10 1.4
FlUOl'ene 0.80 95 D.21 83' 0.22 15 0.25
Phenanthrene 2.0 95 o.e. 15 0.'1 80 0.79
'Anlhracene 2.4 H D.te H 0.52 82 0.89
F~anthene 0.084 130 0.21 107 0.02 11. 0.08
Pyrene 0.86 V8 0.27 103 0.13 88 0.26
Benzo(a)-anthrac:ene 0.081 .3 0.01 '3 0.01 14 0.02
Chrysene 0.81 85 0.15 85 O.jO H 0.18
Benzo(b~fIUOfanlher1e 0.64 87 0.02 88 0.01 ·18 0.02
BelUo(k)-ftuoran1hene 0.084 85 0.02 13 0.01 IS 0.02
Benzo(a)-pyrene 0.81 81 0.02 88 0.01 ,85 0.01
OIbenzo(a,ll).anttyaoene 0.098 U 0.03 102 0.02 ~'2 0.02
Benzo(g,h,fl-gerylene 0.40 83 0.08 18 0.08 18 0.13
lndenO( l,2,3-cdlPyrene 0.15 '3 0.04 '3 0.03 83 0.04
• Refinery effluent,
• Coke own e"kIent.

1221 and PCB·1254 that were not
specified before.

During the MDL study for Method
625, concentration was done using the
optional nitrogen blow-down instead
of the second micro Kuderna-Danish
concentration. Recoveries ranged from
28-94% for the 62 analytes studied;
however, only eight analytes gave an
average recovery larger than the re
covery for that analyte in Methods 604
through 612. There were two instances
where the calculated MDL was larger
than the spike level. Nineteen values
are based on the analysis of eight or 10
aliquots.

Overall, it is best to view the MDL
values in Table 5 as initial values
subject to refinement through iteration
of the MOL procedure. Since the
qualitative identification scheme for
this mass spectrometer method relles
on lower abundance ions with variance
not reflected in the calculation of the
MDL value, it is possible that quali
tative verification might not be made
when the analyte is present at a con
centration in the neighborhood of
MOL. This is another reason to pursue
an iteration of the MDL procedure for
Method 625.

Comparing the reagent water MOL
values for the phenolic analytes com
mon to both Methods 604 and 625
shows that only 4-nitrophenol and
pentachlorophenol gave lower MOL
values in Method 625.

4.Nitrophenol was spiked at to
JAg/L in the MOL study for Method
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TABLE 5
Method detection limits 'or compounds as analyzed by Method 625 In reagent water (31)........... "'--oe"" MOL .... ...., ........... "" .....

Coftlpound (HILt -"'Y CHlLt c-.-. (,..n.~ ~ ~J

Acenaphthene 3.8 83 1.8 Heptachlor epoxlde 10 82 2.2
Acenaphthylene 3.8 47 3.5 Hexachlorobenzene 3.8 .7 1.9
Anthracene 3.8 70 1.9 Hexachlorobutadlene 3.8 58 0.8

Aldrin 10 72 U Hexachloroethane I.e .eo 1.8

Benzo(ot)anttYacene 25 88 7.8 Indena(1,2.SocdJpyrene lI.8 85 3.7
BenzO(klfh.lOl'anthene U 80 2.5 Jaoclhorone U et 2.2
8enzo(aJpyrene U 73 U Naphthalene U 70 1.8

Benzo(g.h.1)pery1ene U 12 ".1 NitrObenzene I.e 88 1.8
BenZ)'! butyl phthalate U 7. 2.5 N-NltrolO-dl-"1l"Clp)'larnlne 25 88 8
BI1(2-ehloroethYI) ether 13,3 043 8.7 Pyrena 3.8 78 U
Blt-(2-ehloroetholl)') meltWle 13,3 45 U 1.2....Trldltorobenzene 8.a 88 1.9
BIt(2..thylhexyQ phthalate U f.4 U BenzO(b)fluoranthene• 13.3 045 ".8
BIt(2-ehlorolsopropyl) ether 25 .1 •.3 4-Chlorophen)'l phan)'lelher· 13.3 ..5 ...2

4-8romophenyl phenyl ether 3.1 .. 1.8 3,3'.Qlchlorobenzldene· 33 82 lU
2-ChIorOMPhlhatene 3.1 .. U 2,",oOlnltrotoluene' 13.3 44 5.7
0IyMne 3.8 II U PCB 1221' ., 11 aD
.....'.QDO 10 80 U· PC81254' '1 80 ae
.....'oDOT 10 13 4.7 Phenanthrene• 13.8 11: 8."
D1benzo(a.h)anltnoene U .2 2.5 4-Chloro-3-methylphenol' 10 71 8.0

Dl-1I-buI)'I phthalate I.e 85 U 2.~oPhenot' 10 eo 2.7
1'S'01chlorobenz..... U eo .... 2.4-0lmethy'phenoI· 10 1i7 2.7

M·OIchlorobenune 13.3 40 s.o 2.4-0lnltrophenof· 40 .. 42
DWIli'In 10 13 2.5 2-Methyl-4,lk:Ilnltrophenol' 40 77 24

DWthyl phlh8lete 3.8 f4 1.8 "-Nltrophenol' 10 152 2."
. DImethyl phthalate 8.8 4' 1.8 Pent8chloropheno!' .. 10 87 3.'
I.~ U ... U PhenOl' 10 28 1.5
Dl-n-oct)'f phthalate U f4 2.5 2•••6-Trtchloropheno!' 10 ..... U·
AIDranthene U ·10 t.2 P8HC. ., It 4.2
fIucnne U ... 1.1 68HC6 , Ie '.1
HIptacHat' 10 II' 1.1 ...4'.oDE· 10 II I.e

Endotulfan ""'ate· 7 71 I.e
......__on • IlIc1ut* 01 rMgII1t wit..
• Mel beNd ClI\ 101l1quoel 01 r-.glnl .....
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. step. Large differences in detector
sensitivity are responsible for the large
differences in MOL between Method
625 and 608.

The MOL values for nitrobenzene
and isophorone again show the inter
play between the original estimate of
MOL and the subsequent value oflhe
calculated MOL. )n Method 625, both
analytes were sriked into reagent
water at concentrations lower than
that used in Method 609 and each gave
• lower MOL value. Since there is not
a great deal of difference between in
strumental-sensitivity in this case. it is
not surprising that the lower estimate
(or MOL resulted in a lower calculated
MOL. In contrast, the dinitrotoluene
analytes gave MOL values that were
220 and 320 times larger in Method
625 compared to Method 609. This
difference is atlributed to the large
differences between instrumental
sensitivity in these two methods.

Method 625 MOL values for the
first three .eluting PAH analytes
(naphthalene, acenaphthalenc, and
acenaphthylene) are very similar to the
values obtained for Method 6iO. These
lhree analyles are detected with a UV
detector similar in instrumental sen·
sitivity to the mass spectrometer used

. in Method 625. Naphthalene was the
only PAH analyte that gave a lower
MOL value in Method 625, but it was
also the only analyte spiked at a lower
concentration in Method 625 com·
pared to 61 O. The 13 remaining PAH
analytes gave MOL values in Method
625 that were between 3 and 780 times
higher than the correspondin~ values
in Method 610. This renectsthe dif
ferences between the nuorometer and
mass spectrometer in detector sensi
tivity. Benzo(g, h, i)perylene gave an
MOL larger than the spike level in the
Method 625 study and it was the only
PAH in Method 625 that gave an av-

erage recovery higher than the corre
sponding recovery in Method 610.

The haloether analytes in Method
625 gave MOL values consistent with
detector sensitivity and spiking level.
The calculated MDL for 4·bromo
phenyl phenyl ether was lower than the
value in Metbod 611, but it was also
spiked at a lower level. The remaining
haloether analytes gave MOL values
ranging from ].] to 19 times larger
than the corresponding values in
Method 61 I. Clearly, there is no great
difference in MDL results between
these two methods. The Method 625
haloether recoveries were about half
those reported in Method 611.

.1,3-Dichlorobenzene gave an
anomalous MDL value when com
pared to the other analytes in Method
625. Highly variable losses were at
tributed to the vohnility of the analyte.
The spike level was lower than that in
Method 6]2. but in Method 625 the
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calculated MDL value was larger than
the spike level. Hence the results for
this chlorinated hydrocarbon analyte
should be regarded with caution.

Conclusions

The purpose of this procedure is to
provide a "MDL that is used to judge
the significance of a single measure
ment of a future sample. The MOL
procedure was formulated to accom
modate application to a broad variety
of physical and chemical methods. It
was necessary to make the procedure
device-or instrument-independent
to accomplish the wide application
desi:ed.

The measurement of the MOL
value, in a given matrix. is meaningless
if it can be shown by analyte-s'pecific
methods that a high background is due
to interference rather than the analyte
in question. Standard additions in a
large neighborhood proximate to the
MDL on an interfering background for
the purpose of determining the MOL
can have value in providing an accu
racy and precision statement for the
analytical method at analyte levels
comparable to the interference con
centration in that specific matrix.

The iterative procedure is presented
only as a means to overcome mistaken
estimatt.:s for the MDL. When the
analyte is present in the matrix due
solely to standard additions and the
estimated MOL was found to be out
side the 95% confidence interval of the
calculated MOL. only one or two it
erations should be necessary to identify
the MOL with sufficient accuracy.
However, only a full regression treat
ment would provide a more complete
description. When economically fea
sible, the full regression treatment
should be used.

If the relative standard deviation of
the seven replicates is in the range of
20.5-70.1 %, then the estimated MOL
will be within the 95% confidence in
terval of the calculated MOL. This is
sufficient statistical evidence to stop
the iterative MOL procedure. Should
the relative standard deviation fall
outside this range. the results are sus
pect. Experience has shown that when
the relative standard deviation is at or
near 10%, the calculated MOL values
can be below inslrumental detection
limits.

We can look forward to continued
lowering of such performance char·
acteristics as established analytical
procedures are adjusted to accommo
date future advances in analytical
technology. This will serve to push the
MDl to lower values than those pre
viouslyassigned.
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Definition

The method detection limit (MDL) is defined as the minimum con

centration of a substance that can be measured and reported with

99% confidence that the analyte concentration is greater than zero
and determined from analysis of a sample in a given matrix containing

analyte.

Scope and Application

This procedure is designed for applicability to a wide variety of
sample types ranging from reagent (blank) water containing analyte

to wastewater containing analyte. The MDL for an analytical

procedure may vary as a function of sample type. The procedure

requires a complete, specific and well ~efined analytical method.

It is essential that all sample processing steps of the analytical

method be included in the determination of the method detection limit.

The MDL obtained by this procedure is used to judge the significance

of a single measurement of a future sample.

The MDL procedure was designed for applicability to a broad variety

of physical and chemical methods. To accomplish this, the procedure

was made devlse- or instrument-independent.

Procedure

1. Make an estimate of the detection limit using one of the

following:

(a) The concentration value that corresponds to an in

strument signal/noise in the range of 2.5 to 5~

(b) Three times the standard deviation of replicate

instrumental measurements of the reagent water.
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It is recognized that the experience or the analyst is

important to this process. However, the analyst must

include the above considerations in the estimate of the

detection limit.

there is a

a break in

The area or the standard curve where

significant change ~n sensitivity, i.e.,

the slope of the standard curve.

(0 )

(d) Instrumental limitations.

(b) If the MDL is to be determined in another sample

matrix, analyze the sample. If the measured level of

the analyte is in the recommended range of one to

five times the estimated detection limit, proceed to

Step 4.

2. Prepare reagent (blank) water that is as free of analyte

as possible. Reagent or interference free water is defined

as a water sample in which analyte and interferent con

centrations are not detected at the method detection

limit of each analyte of interest. Interferences are

defined as systematic errors in the measured analytical

signal of an established procedure caused by the presence

of interfering species (interferent). The interferent

concentration 1s presupposed to be normally distributed in

representative samples of a given matrix.

3. (a) If the MDL is to be determined in reagent (blank)

water, prepare a laboratory standard (analyte in

reagent water) as a concentration which is at least

equal to or in the same concentration range as the

estimated method detection limit. (Recommend between

1 and 5 times the estimated method detection limit.)

Proceed to Step 4.



If the measured level of analyte is less than the
estimated detection limit, add a known amount of

analyte to bring the level of analyte between one and
five times the estimated detection limit.

If the measured level of analyte is greater than five

times the estimated detection limit, there are two op

tions.

(1) Obtain another sample of lower level of analyte

in same matrix if possible.

(2) The sample may be used as 1s for determining the

method detection limit if the analyte level does

not exceed 10 times the MDL of the analyte in

reagent water. The variance of the analytical

method changes as the analyte concentration in

creases from the MDL, hence the MDL determined

under these circumstances may not truly reflect

method variance at lower analyte concentrations.

4. (a) Take a minimum of seven aliquots of the sample to be

used to calculate the method detection limit and

process each through the entire analytical method.
Make all computations according to the defined method

with final results in the method reporting units. If

a blank measurement is reqUired to calculate the

measured level of analyte, obtain a separate blank
measurement for each sample aliquot analyzed. The

average blank measurement 1s sUbtracted from the

respective sample measurements.

(b) It may be economically and technically desirable to

evaluate the estimated method detection limit befo~e

proceeding with 4a. This will: (1) prevent ~epeating
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this entire procedure when the costs of analyses are

high and (2) insure that the procedure is being

conducted at the correct concentration. It is quite

poss ible that an incorrect MDL could be calculated

from data obtained at many times the real MDL and the

level of analyte would be less than five times the

calculated method detection 11mit. To insure that

the estimate of the method detection limit is a good

estimate, it is necessary to determine that a lower

concentration of analyte will not result in a sig

nificantly lower method detection limit. Take two

aliquots of the sample to be used to calculate the

method detection limit and process each through the

entire method, inclUding blank measurements as de

scribed above in 4a. Evaluate these data:

(2) If these measurements indicate the sample is not

1n correct range, reestimate the MDL, obtain new

sample as in 3 and repeat either 4a or 4b.

(1) If these measurements indicate the sample is in

desirable range for determination of the MDL,

take five additional aliquots and proceed. Use

all seven measurements for calculation of the MDL.

1 n n

~ ~ n

32 = i=l i=1

n - 1

3 = (3 2 )1/2

where the xi, 1=1 to n are the analytical results in the

5. Calculate the variance (3 2 ) and standard deviation (3)

of the replicate measurements, as follows:



where:

MDL = the method detection limit

units obtained from the n sample
refers to the sum of the X

MDL = t(n-I,.99) (S)

S = Standard deviation of the replicate analyses.
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LCL = 0.69 MDL
UCL = 1.92 MDL

b.) The 95% confidence interval estimates for the MOL

der1ved in 6a are computed according to the following
equations derived from percentiles of the chi square
over degrees of freedom distribution (X2 /df).

a.) If this is the initial attempt to compute MDL based
on the estimate of MDL formulated in Step 1, take the MDL

where LCL and DCL are the lower and upper 95% confidence
limits respectively based on seven aliquots.

t (n-l,. 99) = the students' t value appropriate for a
99% confidence level and a standard de

viation estimate with n-l d~grees of free
dom. See Table.

final method reporting
aliquots and

values from i=l to n.

7. Optional iterative procedure to verify the reasonableness

of the estimate of the MOL and subsequent MDL determina

tions.

6. a.) Compute the MDL as follows:



then compute the pooled standard deviaiton by the fol

lowing equation:

Spooled = 6s 2 + 6s 2

A B
12

spike in the matrix at the

through the procedure starting

calculated MDL and p!:'ocess the

procedure starting With Step 4.
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last

the

> 3.05,

< 3.05,

S2

Aif

S2

if A
S2

B

as calculated in Step 6,
calculated MDL and proceed

with Step 4.

S2

B

respike at the

samples through

b.) If this is the second or later iteration of the MDL

calculation, use 32 from the current MDL calculation and

s2 from the previous MDL calculation to compute the F
ration. The F-ratio is formed by sUbstituting the

largest S2 0 f the two into the numerator S and the other

into the denominato!:' S. The computed F-ratio is then

compared with the F-ratio found in the table which is

3.05 as follows:



Table of Students' t Values at the 99 Percent Confidence Level

3.11#3
2.998
2.896
2.821
2.764
2.602

2.528
2.485
2.457
2.390
2.326

6
7
8

9
10

15
20

25
30
60
00
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Degrees of Freedom

MDL ~ 2.681 (Spooled)

c.) Use the Spooled as' calculated in 7b to compute the

final MDL according to the following equation:

where 2.681 is equal to t(12, = .99).

d.) The 95% confidence limits for"MDL derived in 7c are

computed according to the following equations derived

from percentiles of the chi squared over degrees of

freedom distribution.

where LCL and UCL are the lower and upper 95% confidence

limits respectively based on 14 allquots.

LCL =t 0.72 MDL
OCL ::: 1.65 MDL

7
8

9
10

11

16

21
26

31
61
00

Number of



Reporting

The analytical method used must be specifically identified by number
of title and the MDL for each analyte expressed in the appropriate
method reporting units. If the analytical method permits options
which affect the method detection limit, these conditions must be
specified with the MDL value. The sample matrix used to determine
the MDL must also be identified with the MDL value. Report the mean

analyte level with the MDL. If a laboratory standard or a sample
that contained a known amount analyte was used for this determination,
also report the mean recovery.

If the level of analyte in the sample was below the determined MDL
or does not exceed 10 times the MDL of the analyte in reagent water,

do not report a value for the MDL.
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DATE:

FROM:

SUBJECT:

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
OFFICE OF RESEARCH AND DEVELOPMENT

ENVIRONMENTAL MONITORING AND SUPPORT LABORATORY
CINCINNATI. OHIO 45268

B-41

Ju 1y 21, 1982

Settleable Solids. '" }(./>J~ oj

~
)rJ4f\ [..;-r

Gera1d D. McKee, Ch ief ·CfJf/
Inorganic Analyses Sec 'on
Physical and Chemical ethods Branch

TO: William Telliard, Chief
Energy and Mining Branch
Effluent GUidelines Division
U.S. Environmental Protection Agency (WH-552)
Washington, D.C. 20460

Enclosed are the Method Detection Limits (MOL) calculated from the
settleable solids field data.

All of the observers' data were included in the calculations for each sample
because there was only one aliquoting into each Imhoff cone. The calculated
data are in Table 1.

Two general observations were made in regard to differences between the
field data and the laboratory data:

1) Higher data values were obtained in the field than in the laboratory
with exception of one sample (108).

2) The MDLs are higher for the field data, probably due to two reasons, the
mean values are higher and the field data were reported to only one
significant figure (one exception).

Ene losure (1):
As stated



TABLE 1

FIELD DATA

ml/l/hr
Standard

Sample No. Source Mean Deviation MDL

82-101 Mine Pond No. 4 0.58 0.15 0.40

82-102 Mine Pond No. B 0.36 0.081 0.20

82-103 Mine Pond No. 7 0.28 0.08 0.21

82-104 Mine Pond No. 6 0.82 0.11 0.30

82-105 Mine Pond No. 5 0.65 0.09 0.25

82-106 Mine Pond No. 2 0.36 0.043 0.11

82-107 Mine Pond No. 1 0.16 0.09 0.23

82-108 Mine Pond No. 3 0.094 0.015 0.04
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Date:

SETTLEABLE SOLIDS TESTING

DATA SHEET

82-107 Sampling Crew: W. Telliard - EPA-EGD

Mine Pond No. I H. Kohlmann - Hydrotechnic

Pond Influent - Settleable Solids (ml/l) 15.0 pH 8.2

Pond Effluent - Settleable Solids (ml/l) 0.0 pH 8.0

Determination of Dilution, if required,

Based on 8-liter batch, and 0,5 ml/l range required,
~
I

X = vol. of infI. req'd; CI = mIll settleable solids in influent~

w y = vol. of effl. req'd; C2 = mIll settleable solids in effluent

C1x + C2Y = 4,00Oml x + y = 8~OQO ml

x = 1,068 ro1 y = 6,932 rol

Settleable Solids Test Results (mIll) - pH 8.0
.......;;~---

-- Tmhoff Cone #

ObS~
I 2 3 4 5 6 7

Mine Rep. 0.8 0.7 0.9 0.7 0.9 0.8 0.6

EPA Rep. 0.7 0.8 0.8 0.7 0.7 0.7 0.7

EPA Contractor 0.65 0.85 0.80 0.90 0.90 0.75 0.7



SETTLEABLE SOLIDS TESTING

DATA SHEET

Date: 5-19-82

82-106

Mine Pond No. 2

Sampling Crew: W. Telliard - EPA-EGO

H. Kohlmann - Hydrotechnic

Pond Influent - Settleable Solids (mIll)

Pond Effluent - Settleable Solids (mIll)

Determination of Dilution, if required

24

o

pH _~7 _

pH _~7 _

Based on 8-liter batch, and 0,5 mIll range required,

x = vol. of infl. req1d; Cl = mIll settleable solids in influent
y = vol. of effl. req1d; C2 = mIll settleable solids in effluent

Clx + c 2y = 4,000ml x + Y = 8,000 ml

x = __.;;;.6.;;;.6..;.7...;m=l y = 7333 ml

Settleable Solids Test Results (mIll) - pH __..;.7 _

~# 1 2 3 4 5 6 7
Observer

Mine Rep. 0.45 0.40 0.40 0.35 0.40 0.35 0.4

EPA Rep. 0.30 0.30 0.35 0.35 0.35 0.30 0.30

EPA Contractor 0.40 0.40 0.35 0.35 0.30 0.35 0.35



SETTLEABLE SOLIDS TESTING

Sampling Crew: W. Telliard - EPA-EGD

5-20-82Date:

pH 8-----
pH _7..:...- _o

5

H. Kohlmann - Hydrotechnic

DATA SHEET

Mine Pond No. 3

S2-l08

Pond Influent - Settleable Solids (mIll)

Pond Effluent - Settleable Solids (mIll)

Determination of Dilution, if required

x = vol. of infl. req'd; Cl = mIll settleable solids in influent
y = vol. of effl. req'd; C2 = mIll settleable solids in effluent

Clx + c 2y = 4,00Oml x + y = 8,000 ml

x = 3,200 ml y == 4,800 ml

~ Based on 8-liter batch, and 0,5 mlll range required,
I
~

U'l

Settleable Solids Test Results (mIll) - pH ~__~7 _

~# 1 2 3 4 5 6 7
Observer

Mine Rep. 0.13 0.11 0.1 0.1 0.13 0.1 0.09

EPA Rep. 0.1 0.09 0.09 Q.09_ O.OS 0 .. 08 O. Q7

EPA Contractor 0.1 0.09 0.09 0.09 0.09 0.09 0.07



Sampling Crew: D. Ruddy - EPA-EGD

D. Ruggiero - Hydrotechnic

82-101

Mine Pond No. 4

SETTLEABLE SOLIDS TESTING

DATA SHEET

Date: 5-11-82

Pond Influent - Settleable Solids (mIll) Non-Det.

Pond Effluent - Settleable Solids (mIll) Non-Det.
Upper Wadge Pond - Influent SS (mIll) 1.2 mlll

Determination of Dilution, if resuired

Based on a-liter batch, and 0,5 mill range required,

pH

pH

7.0

7.0

7.0

x "" vol. of infi. req'd; CI =: mIll settleable solids in influent
y ::::. vol. of effL req'di C2 =: mIll settleable solids in effluent

C1x + e 2y "" 4 ,000 ml x + y ;::; 8,000 ml

x = 4,666 ml y t= 3,334 ml

Settleable Solids Test Results {mIll} - pH 7.7
~----

~# I 2 3 4 5 6 7
Observer

Mine Rep. 0.5 0.4 0.5 0.4 0.6 0.7 0.9

EPA Rep. 0.6 0.4 0.6 0.5 0.6 0.7 0.9

EPA Contractor 0.5 0.4 0.5 0.4 0.6 0.7 0.8



SETTLEABLE SOLIDS TESTING

DATA SHEET

Date: 5-18-82·

82-106

Mine Pond No. 5

Sampling Crew: D. Ruddy - El?A-EGD

D. Ruggiero - Hydrotechnic

Pond Influent - Settleable Solids (mIll) 2.0 pH 6.4

Pond Effluent - Settleable Solids (mIll) Non-Det. pH 6.4

Determination of Dilution, if required

Based on 8-liter batch, and 0,5 mIll range required,

x = voL of infL req1d; CI = mIll settleable solids in influent
y = vol. of effL req1d; C2 = mIll settleable solids in effluent

Clx + c2Y = 4,000ml x + y ;::::; 8,000 mi

x = 2,QOO ml Y '= 6,000 ml

Settleable Solids Test Results (mIll) - pH 6.4

~# I 2 3 4 5 6 7
Observer

Mine Rep. - - - - - - -
EPA Rep. 0.7 0.7 0.7 0.6 0.5 0,7 0,7

EPA Contractor 0.7 0.7 0.7 0.5 0.5 0.,8 0.,7



SETTLEABLE SOLIDS TESTING

DATA SHEET

Date: 5-18-82

82-104

Mine Pond No. ,6

Sampling Crew: D. Ruddy EPA-~GD

D. Ruggiero - Hydrotechnic

Pond Influent - Settleable Solids (mIll)

Pond Effluent - Settleable Solids (mIll)

2.0

Non-Det.

pH

pH

7.0

7.0

Determination of Dilution, if required

Based on 8-liter batch, and 0,5 mIll range required,

settleable solids in influent
settleable solids in effluent

x = vol. of infl. reqld; CI = mIll
y = vol. of effl. reqld; C2 = mIll

Clx + c2y = 4,OOOml x + Y = 8,000 ml

x = 2,000 ml y = 6,000 ml

Settleable Solids Test Results (mIll) - pH 7.0

~# 1 2 3 4 5 6 7
Observer

Mine Rep. - - - - - - -

EPA Rep. 0.7 LO 0.9 0.9_ 0.8 0.7 0.8

EPA Contractor 0.7 LO 0.9 0.9 0.7 0..7 0.8



Date: ·5-18-82

SETTLEABLE SOLIDS TESTING

DATA SHEET

82-103

Mine Pond No. 7

Sampling Crew: D. Ruddy - EPA-EGO

D. Ruggiero - Hydrotechnic

Pond Influent - Settleable Solids (mIll)

Pond Effluent - Settleable Solids (mIll)

5

Non-Det.

pH

pH

6.6

6.6

Determination of Dilution, if required

Based on a-liter batch, and 0,5 mIll range required,

x = vol. of infl. req'di Cl = mIll settleable solids ~n influent
y = vol. of effl. req'd; C2 = mIll settleable solids in effluent

Clx + c 2y = 4,00OmI x + y = 8,000 ml

x = 1,000 ml y = 7,000ml

Settleable Solids Test Results (mIll) - pH 6.6
-~-----

~# I 2 3 4 5 6 7
Observer

Mine Rep. - - - - ... - -
EPA Rep. 0.2 0.3 0.4 0.2 0.2 0.3 0.2

EPA Contractor 0.3 0.3 0.4 0.3 0.2 0.4 0.2



Date: 5-20-82

SETTLEABLE SOLIDS TESTING

DATA SHEET

82-102

Mine Pond No. 8

Sampling Crew: D. Ruddy -·EPA-EGD

D. Ruggiero - Hydrotechnic

Pond Influent - Settleable Solids (ml/l) ~ 0.3

Pond Effluent - Settleable Solids (ml/l) Non-Det.

pH 8.1-8.2

pH 7.6-7.7

x = vol. of inf!. req'd; Cl = mIll settleable solids in influent
y = vol. of effl. req'd; C2 = ml/l settleable solids in effluent

Clx + c2y = 4,000ml x + Y = 8,000 ml

x = 7,000 ml y = 1,000 ml

Determination of Dilution, if required

~ Based on 8-liter batch, and 0,5 ml/l range required,
U'l
o

Settleable Solids Test Results (ml/l) - pH 8.1-8.2

--~# 1 2 3 4 5 6 7
Observer

Mine Rep. 0.3 0.3 0.3 0.4 0.3 0.3 0.5

EPA Rep. 0.3 0.4 0.3 0.4 0.3 0.3 0.5

EPA Contractor 0.3 0.4 0.3 0.5 0.3 0.3 0.5
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LABORATORY RESULTS
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FROM:

DATE:

SUBJECT:

June 15~ 1982

Settleable Solids ~

Gerald D. McKee, Chieflf!:7/IJJV
Inorganic Analyses Sec
Physical and Chemical ethods Branch

TO: William Tel1iard~ Chief
Energy and Mining Branch
Effluent Guidelines Division
U.S. Environmental Protection Agency (WH 552)
Washington~ DC 20460

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
OFFICE OF RESEARCH AND DEVELOPMENT

ENVIRONMENTAL MONITORING AND SUPPORT LABORATORY
CINCINNATI, OHIO 45266

Enclosed are the Settleable Solids data for the eight samples we received
from various mining operations. As decided in our discussion of April 22,
1982, we determined the Method Detection Limit (MOL) on each of the samples
and the variability (standard deviation) of data on samples with a concen
tration of about 0.5 ml/l/hr Settleable Solids.

B-S3

The IIMethod Detection Limit" is defined as the minimum concentration of a
substance that can be measured and reported with 99% confidence that the
analyte concentration is greater than zero and determined from analysis of a
sample in a given matrix containing ana1yte. Two papers describing this
method are attached. The variability of each sample is reported as the
standard deviation of seven replicate measurements.

A total of 8 samples were received for ana'ysis~ 5 on 5/21/82 and 3 on
5/24/82. Samples were approximately 8 liters in volume and were contained
in 2.5 gallon cubitainers. Cubitainers were placed on a large (2 ft.
square) magnetic stirrer and mixed at high speed using a 4 inch Teflon
coated stirbar for at least 10 minutes before aliquoting. Seven aliquots
were obtained using a glass delivery tube (inserted about mid level into the
sample) and compressed air to transfer the 1 liter sample directly into the
plastic Imhoff cones.

The procedure used for this analysis (EPA Method 160.5) is found in
"Standard Methods for the Examination of Water and Wastewater," 14th
Edition, Page 95, Method 208F, Procedure 3A (1975).

To' level the settled material as much as possible, the individual Imhoff
cones were tapped with a wooden rod and/or the liquid was gently swirled
with a glass stirring rod before reading. This leveling seemed to have no
adverse effect on the solids reading.
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The calculated MOL for Settleable Solids of samples used for this
investigation was 0.12 ml/l/hr. Since ,the Imhoff cone has
divisions of only 0.1 ml. practically this MOL 150.2 ml/l/hr.

The standard deviation of the six samples near 0.5 ml/l/hr (x =
0.45 ml/l/hr). excluding samples 82-102 and 82-103. is 0.043
ml/l/hr.

2)

1)

Enclosures:
As stated

The calculated data are in Table 1. Our conclu~ions are:

Data from one sample (82-104) were discarded because they were obviously not
random. The first aliquot taken was the highest in concentration and each
subsequent sample was lower with a range of 0.80 ml/l/hr (first) to 0.40
ml/l/hr (last). Analysis of this :sample was repeated and these data are
included.



Table 1

m1/l/hr

Standard
Sample No. Source Mean Deviation MOL

82-101 l'4ine Pond No. 4 0.58 0.048 0.15

82-102 Mine Pond No. B 0.14 0.016 0.050

82-103 Mine Pond No. 7 0.12 0.018 0.057

82-104 Mine Pond No. G 0.43 0.043 O. 14

82-105 Mine Pond No. S 0.45 0.041 0.13

82-105 Mine Pond No. 2 0.32 0.046 0.14

82-107 Mine Pond No. 1 0.37 0.038 0.12

82- 108 Mine Pond No. 3 0.55 0.041 O. 13
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82-101 Mind Pond No. 4
Date 5-17-82, Received 5-21-982, Analyzed 5-26-82
Lt. Brown Color, Some Silt and StickS, pH 8.3

Aliquot ml/l/hr

1 0.58
2 0.60
3 0.55
4 0.65
5 0.60
6 0.50
7 0.55 (0.45 in 820 ml)

Mean 0.58

Std. Dev. 0.048

MDL 0.15

82-102 Mine Pond No. 8
Date 5-20-82. Received 5-21-82, Analyzed 5-26-82
Light Brown Color, Some Fines, pH 7.9

Aliquot ml/l/hr

1 0.12
2 0.15
3 0.15
4 0.15
5 0.12
6 0.15
7 0.12

Mean 0.14

std. Dev. 0.016

MDL 0.050
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82-103 Mine Pond No. 7
Date 5-18-82, Received 5-12-83, Analyzed 5-27-82
Light Brown Color, Few Fines, pH 7.9

Aliquot ml/l/hr

1 0.15
2 0.12
3 0.10
4 0.10
5 0.12
6 0.12
7 0.10

Mean 0.12

Std. Dev. 0.018

MDL 0.057

82-104 Mine Pond No. 6
Date 5-18-82, Received 5-21-82, Analyzed 6-4-82
Light Brown Color, Some Fines, pH 8.2

Aliquot mIll/hI'

1 0.50
2 0.45
3 0.48
4 0.40
5 0.40
6 0.40
7 0.40

Mean 0.43

Std. Dev. 0.043

MDL 0.14
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82-105 Mine Pond No. 5
Date 5-18-82, Received 5-21-82, Analyzed 5-27-82
Light Brown Color, Some Fines, pH 8.0

Aliquot ml/l/hr

1 0.50
2 0.50
3 0.45
4 0.45
5 0.40
6 0.45
7 0.40

Mean 0.45

std. Dev. 0.041

MDL 0.13

82-105 Mine Pond No. 5 Duplicate
Analyzed 6-4-82

Aliquot ml/l/hr

1 0.45
2 0.40
3 0.40
4 0.40
5 0.42
6 0.42
7 0.45

Mean 0.42

std. Dev. 0.022

MDL 0.070
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82-106 Mind Pond No. 2
Date 5-19-82, Received 5-24-82, Analyzed 5-28-82
Light Brown Color, Some Fines, pH 7.9

Aliquot ml/l/hr

1 0.38
2 0.35
3 0.35
4 0.30
5 0.30
6 0.25
7 0.28

Mean 0.32

Std. Dev. 0.046

MDL 0.14

82-107 Mine Pond No. 1
Date 5-18-82, Received 5-24-82, Analyzed 5-28-82
Light Brown Color, Some Fines, pH 8.2

Aliquot ml/l/hra

1 0.40
2 0.40
3 0.40
4 0.38
5 0.30
6 0.35
7 0.38

Mean 0.37

Std. Dev. 0.038

MDL 0.12
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82-108 Mine Pond No. 3
Date 5-20-82, Received 5-24-82~ Analyzed 6-2-82
Yellow Color, Heavy Flock, pH 7.9

0.20

ml/l/hr

0.50
0.55
0.40
0.50
0.40
0.50
0.40

0.46

0.063

Aliquot ml/l/hr

1 0.50
2 0.55
3 0.60
4 0.60
5 0.50
6 0.55
7 0.55

Mean 0.55

Std. Dev. 0.041

MDL 0.13

MDL

Mean

std. Dev.

82-1070 Mind Pond No. 1
Duplicate, Analyzed 6-4-82

Aliquot

1
2
3
4
5
6
1
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INVESTIGATION OF POST-MINING
DISCHARGES AFTER

SMCRA BOND RELEASE

SEPTEMBER 1982

Prepared by:

OFFICE OF ANALYSIS AND EVALUATION
OFFICE OF WATER REGULATIONS AND STANDARDS

U.S. ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460
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As stated in the Preamble of the proposed Coal Mining Point Source
Regulations (46 FR 3146 January 13, 1981), a data collection effort was
initiated to provide the Agency with a basis for assessing the
appropriateness and feasiblity of establishing national regulations
applicable after SMCRA Bond Release. The objective of this effort was to
assess the possibility and severity of pollution discharges at coal mines
after SMCRA Bond Release, and to address the o:::>st-effectiveness and econanic
impacts of setting effluent limitations after release of rond.

The Agency recognized that the minimum liability period for reclamation
at underground mines that closed under OSM RegUlations (44 FR 15336 March
13, 1979) had not expired and at rrost was only three years old. However,
the Agency hoped that the information o:::>llected in the survey, o:mbined with
records and documents submitted by interested parties during the public
comment period, would provide a suitable data base to project the
possibility and extent of post-bond release pollution and the
cost-effectiveness of extending the period of liability" after a reclamation
bond was released by OOM.

. A preliminary telephone survey was conducted during October and
Nove~r 1980 to establish the best sources of data in the regulatory
comnunity. The responses yielded very limited information fran eight states
(Table 1) arolittle encouragenent of data being available in the next few
years ~ A literature search was also o:>nducted at that tine, which produced
six reports relevant to the survey. only one of the six reports proved to
be of direct interest. The report is a study of the long-tenn envirorunental
effectiveness of close ci::>wn ~ocedures at eastern underground coal mines am
was prepared in August 1977 for EPA's IERL, Cincinnati. The study found
that from the 200 locations identified as closed or abandoned coal mines,
only 86 provided sufficient data for inclusion in the study. The study's
conclusions are specified as teing general and of a preliminary nature· due
to the extreme variability of the available data, both historical and
analytical. The two conclusions of interest are: 1) that the sealing
efforts with longer monitoring records covering both the pre and post
closure periods were sponsored by State or Federal agencies; and 2) that
based on these records the overall effect of the studied closures on water
quality is beneficial. However, the effectiveness is determined
predominately b:! the physical characteristics of the landscape and the type
of mining operation instead of the sealing technology.

The questionaire p:>rtion of the survey was deferred until a sufficient
number of ooal mines oould be identified as teing relevant to the survey.
Although both pro and con comments were received on post-bond release
regUlations during the proposed regulation's oomrrent period, no records or
documents were submitted to substantiate either position and no mines were
identified for additional evaluation. Therefore, a final survey review was
initiated to exa.-nine all the previous data o:::>llected and attempt to augment
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it with all.¥ information currently available fran Federal, States, and public
sources. D1scussions with OSM have revealed that the Abandoned Mine Lands
Program had oompleted one underground mine reclamation project to date,
while the Federal Reclamation Program has about 200 underground mine
projects (number of mines unknown) completed or under contract since FY79.
Although mne of these mines are Known to have developed a failure (i.e., a
new discharge PJint or an unacceptable discharge qual i ty ), none have been
closed longer than the oormal bondi~ period of five years (10 years west
of the lOOth meridan). The Pennsylvania Department of Environmental
Resources attempted to oompile a similar list of closed mines from permits
issued l:etween 1965 and 1975 to estimate the rn.nnber of closed arrl abandoned
mine inspections D:ecied. An estimate of 1,000 closed mines was rrade with 00

estimate available en the number closed under SMCRA or state reclamation
regulations, or the number causing water quality problems. The use of
comprehensive field inspection to determine the status of closed or
abandoned mines has oot been attempted 'aj any state or federal agencies due
to the high mst, lack of trained personnel, and the uncertainty of the
results. The failure of a mine seal <Duld produce D:!W discharge points at
rock fractures, mine vents, air dUcts, or even ground seeps anywhere in the
vicinity of the mine site. Adverse changes in water quality <Duld occur in
normal runoff waters, new discharge points, or underground streams. The
ability of a field inspection to determine the occurrence, cause, and s:>urce
of any of the above events is directly related to the physical
Characteristics of the mine and its location. The State of Pennsylvania has
required that a water-tight seal be used when closing a coal mine since
1965. In the period from 1975 to 1980, 30 small roal mines were closed by
the State (20 of these are included in the report discussed previous Iy) and
15 were closed by the mine operators. The available background,
correspondence, and water quality data on six Pennsylvania closed mines
currently causing water quality problems were reviewed for use as a
representative sampling. This approach was rejected due to the large
variability in both the mine and sealing<technology parameters (when
sufficient data was available to rrake such determinations).

Finally, another literature search was conducted in July 1982 for case
studies or technology deronstrations of closed mines. Only three a:3ditiona!
references were found p:::>tentially useful fran the 397 references reviewed.
The first reference is a case study on sealing an underground deep mine in
Permsylvania in oompliance with the states sealing regUlations. The second
reference is a case study on methods used to seal a closed mine with a
continuous discharge in Japan. The final reference is an evaluation of
water pollution prevention and control from inactive and abandoned
underground mines. It surveys mining, sealing, and treatment methods
developed largely in eastern U.S. coal fields. Although useful, these three
rePJrts did rot contribute significant new data.

In surrmary, the kjency has teen able to <Evelop estimates of the number
of active, closed, and abandoned coal mines but has not been able to
determine the number of closed <Dal mines sealed or reclaimed under SMCRA.
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Also, the Agency has oot men able to determine the number of closed coal
mines that are the source of water quality problems after being sealed or
reclaimed in oompliance with SMCRA or equivalent state regulations. Based
on the results of this data collection effort, it is felt that there is
insufficient data available to support the development of national
regulations on J;:OSt-oond release. Therefore, the basis for a nationally
applicable regulation for discharges after bond release does not currently
exist, and any pJint source discharge after bond release that might occur
can l:e addressed through the NPDES permit system.

References

( 1) Telephone Survey Report
( 2) Hydrotechnic Trip Report
(3) Results of 1980 Literature Search
(4) Final Survey Review Telephone Merros
(5) File Histories of six closed FA ooal mines
( 6) 1982 Literature search Report
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Table 1

Identification of Data Fran State Agencies

Pennsylvania - Limited data en 45 mines tlDSt of ....m.ch is already sumrarized
in EPA Report l'Iong-Term Environn¥mtal Effectiveness of Close Dc7.m
Prcx:edures - East.ern Underground Coal Mines. II

Tennessee - Limited data on a feM mines sealed with inpervious clay or
backfilled. spoils.

Illioois - Data en ally a feN mines.

MMylanl - Wat.er Quality data en streams, rot <Xl specific mines.

Virginia - No data available.

Alabama - Three mines 1:ackfilled with spoil naterial.

Kentucky - Little useful data <Xl sealing effectiveness.

West Virginia - Sane data available fran a deIronstration project.
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• Virginia - No data available.

569TM-60

cc: B. Maestri
P. Abell

MEMORANDUM

October 24» 1980

Bill Kaschak.

Greg Schweer jJ)

Type and Availability of Data Concerning the Long-Term
Effectiveness of Underground Coal Mine Sealing Procedures

FROM:

• Tennessee - Limited seal effectiveness data available on several mines
sealed with impervious clay or backfilled spoils.

• Illinois - Some mines have been reported to have been sealed but
more in depth contacts are required.

SUBJECT:

• Maryla~ - Good water quality data available on a recently sealed
mine. Locations of some old sealed mines can also be identified.

DATE:

• Pennsylvania - Limited seal effectiveness data available on approximately
thirty abandoned mines sealed by the state and approximately fifteen
mines sealed by coal companies in the past fifteen years. Water quality
data available for some mines particularly in Maraine State Park.

TO:

• Alabama - Limited data available on three mines backfilled with spoil
material.

A telephone survey was conducted on October 21, 22, and 23, 1980, by
Versar personnel to determine the type and availability of monitoring data and
any other relevant data that will enable MDSD to assess the long-term effective
ness of underground coal mine sealing procedures. The scope of this survey
was limited due to OMB restraints on the number of non-federal contacts
allowed for survey purposes. State mining and/or environmental officials
1n five coal producing states (Pennsylvania, Tennessee, Maryland, Alabama,
and Virginia) as well as EPA personnel in three regions (3,4, and 5) and one
consulting firm (HydrotechnicsCorp) were contacted during the course of this
survey. The results of the limited number of interviews conducted indicate
that» with the exception of the State of Pennsylvania and the data gathered for
the HRB-Singer Study, little pertinent data are available. The available
data are summarized below.



October 24~ 1980
Memorandum 569TM-60
Page 2

• West Virginia - Information available on abandoned mines sealed
in the Roaring Creek - Grassy Run watersheds as part of the Federal
State Elkins Mine Drainage Pollution Control Demonstration Project.
No useful contacts were established in this state.

• Kentucky - Little useful data on sealing effectiveness seem to be
available.

Attached to this memorandum are photocopies of the file memos for each
telephone interview conducted. Also attached are file memos from another
Versar p.roject concerning State regulations [1crtainoing to coal mining. The
latter set of memos present some f.\eneral information on the extent of under
ground coal mining and pertinent regulations for individual states.

It is recommended that a more intensive telephone survey be conducted to
further determine the type and availability of pertinent data. All the coal
producing states in the Eastern United States (i.e •• Illinois, Indiana, Iowa,
Kentucky~ Maryland, Ohio~ Pennsylvania, Tennessee, Virginia, and West Virginia)
should be investigated. At a minimum, the following officials/groups should
be contacted.

• State environmental officials
• State mining officials
• State geological surveys
• U.S. Geological Survey Districts
• U.S. Bureau of Mines Districts
• University Officials
• Coal companies
• Coal industry trade associations (e.g., National Coal Association

and Bituminous Coal Research)
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Persons Contacted:

P~1vania

Subject _-Coa-l-Mine-'__-_p_o_s_t_Mi_'ne__D_r_al._·_na....g""'e_CO_n_tr_o_l _

- in State of Pennsylvania

569.1.1

717-787-8184

717-787-7668

Date 10/23/80

File No.

Phone -------------

Richard Fbffnan or Evan Schuster
Bureau of Water QlJalityMgmt.
lbn-Point Industrial Sources
Dept. of Envirornoontal Resources

and

Bud Frederick
Mine Area Restoration
Dept. of Envirormental Resources

C-9

Name D. Richard'I!lar$?son, Chief Name _

Mine Drainage Control & Reclamation
Company Dept. EnyimnrrentaJ Resources Company _

Phone __7_1_7_-...78_3_-_8_84_5 _

FILE MEMO

Time __1_1_:_OO_a_._m_. _

Comments: Referred Ire to:

Action Required

Name Greg SChweer---------------



Comments:

C-IO

Pem1SYlvan.i~

Date _..=llMoQ(".l/2=w3u./..:.l8¥,O _

File No. 5::.:;6:.;;;9.:.0.1=:,:.1.0:1 _

Name _Name Evan SChuster

FILE MEMO

Persons Contacted:

Name _......;;;G=-re=-q~S;.;;chweer==iW- ....;...__

Time 1..1_.:._1_.0.,;:a;;,;:._.rn:.:.,. _

This branch is the penni.t issuing section including penni.ts for
mines. "water-tight" coal mine seals have been required since
1965 by the State of Permsylvania. Mr. Schuster is rot certain
h:::M rrany mines have been sealed since 1965 but a review of the
files would reveal this info (15 mines have been sealed since
1976) • Also 1 the files may contain some. W?1ter quali tv ronitorinq
data and any inspection reports on mine seal conditions. Due to
lack of manpower and funds, the state haS done little rronitoring
and inspection of sealed mines. Mr. Schuster was receptive to the
idea of EPA extracting data from his files and for conducting a

Actio~cffif~R~ s~ of the 5eal~ mines. Mr. Schuster will assist
~n any way FOssible. .

Company Bureau of Water Quality Mgmt.Company _

Phone Non-Point Industrial Sour~s Bnone ------------
Dept. of Environmental Resources

Subject __-.:Coa===l:..;Mio.=,:·ne=:;s:..--_Po::..,::::s:::.;t::...:;Mi=·::,:n:::;:e...:D:;.:r:;.:;al.:;:·;:;I'1a=:l.ge;:;:....;:CO=n.:.;:tro==l _

- in State of Pennsylvania



COllDDents:

C-l1

Pennsylvania

569.1.1

Dave Hegeman

File No.

Date 10/23/80

Name ------"'---'---.;;;;-------Bud FrederickName
--~-------------

FILE MEMO

Time __1::;.::..:3:.:0~ _

Nam Greg SclMeere =-- _

Persons Contacted:

Mr. Frederick was in a day-long meeting so I spoke with his
assistant, Dave!fogeman. 'Ihis division is concerned with abandoned
mine reclamatic:m.Approxirnately 30 mines have been sealed by the
state in the past 15 years. Twenty of these mines are small mines
located in Moraine State Park for which there is water qualitv data
and relatively routine ins:pection by the state _personnel and U. S.
Bureau of Mines personnel. Most of these mines were covered in the
HRB-Singer study acrording to!fogeman. Any data in the state files
can be made available to the RPA but it may require sorre "digging. 11

Any request for data should be made to Bud Frederick. Hegeman's·
A tion Required suggested that Max Macsirrovic, U.S. Bureau of Mines,

C Pittsburgh, PA (4l2-675-6549) be contacted for
additional infonnation~

Sub j ect __..,.;CO=al=-.:,;Mi=·o;;,:ne=s:::--....:P:..ll9'-=S:.llt~Mi=·~ne::o;...:DlOilrWlal..·...naillllll;lg...e....CO~n"*'tro~Ull _

- in State of Permsylvania

Com.pany Abandoned Mine Area Resto- Company same___...::;.0==--- _
ration Division, Dept. Envirormental Resources

Phone 717-787-7668 Phone _
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Action Required

Tennessee

File No. 5_69_0_1_0 _1 _

Date 10/23/80

Company _

Phone _

Name _

Bob McKay referred ne to Gary Mabry, ~, SUrface
Mining Office, 615-741-7883
and to Billy Tucker, Tennessee Dept. of Conservation

Surfaces Mining Office
615-741-1046

Company

Name _......;;;Bob;.=;...:McI<ay~=--l.' ..;;;Penni;.;;;;;;;,;,;;,;t;;;..;;;;O,;;,ff;;,;i;.;;ce~

Tenn. State Water Quailty
contr61 srancn.

Phona __...:6Wo11.S-~74;1.::1~-;.tl2.27~5"__ ....

FILE MEMO

Subject Coal Mines -Post Mine Drainage Control

- in State of Tennessee

Name __G_reg-:._SChW'eer _

T1 3:30me _

C01llllents:

Persons Contacted:



Termessee

Persons Contacted:

- in State of Tennessee

Date 10/22/80

File No. 569.1.1

Company _

Phone _

Company Tenn. ,State Water Quality
Control !bard

Phone 615-741-7883

FILE MEMO

Time __3_:_4_0 _

Name __G:.::.r=.;e::.:g~S;;,;:chw=~ee;;::r=-- _

Name GaJ:Y Mabry, Surface Mining Off. Name , _

c-13

Comments: - not in office (3:40 pm 10/22)
- will call again on 10/23
- not in office (9:30 10/23)
- called at 10: 30 10/23. Mabry referred roo to his assistant,

Cliff !ble (geologist). Mr. Bole was very helpful and
interested in the survey. He said that Tennessee has limited
data on the effectiveneSs of mine seals. In recent years,
several mines have been sealed with impervious clay material
or bulldozed spoils. A rrore elaborate seal is being required
on an abandoned mine in a surface mine tract being operated
by calcan Mining Co. Hines were not required to be sealed
until recently.

Action Requi~ He info:aned rre of a case study of amine near
his birthplace in western Pennsylvania. Near the tcwn
of Kettaning in Annstl..--ong County, a mine seal broke in
the surrnet' of 1980 that had been successful for 13 years.
A three-foot high flcx:Xl. of water gushed out of the
mine and caused quite extensive damage to a trailer park
downstream. He strongly recornrends that I contact D. R.
'l'horrpson, Chief
Mine Drainage Control & Reclamation Division (Dept. of Env. Resource.s
P. O. Box 2063
Fulton Bldg., 7th Floor 717-783-8845
Harrisburg, PI\. 17100

Subject Coal Mines - Post Mine Drainage Control

-------------------------,-~.~..•~~.._-,-----



Illinois
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Action Required

File No. _.....,;5::.;:6;,:9;.;;,•.:.1.:.;.1:.- _

Date __1~0/_2_2.;../_80 _

Phone _

Name _

Called 10/22 and spoke to Mr. Grosbo1d' s assistant and
explained the nature of our ~st. Mr. Grosbo1d will return
the calIon 10/22 or 10/23.

Phone __2_1_7-_7_8_2_-0_5_8_8 ---:-

Company Mining Land Reclamation Councidompany _

Name A1 Grosbo1d, Director

FILE MEMO

3:20Time _

Subject __Coal Mi_'ne_s_-...;,;.Po,;;"s,;;"t;,....Mi._·ne__D..;;.r..;,;a.t;;;.,'na,;"".",;ge:::...._CO..;.n_tr..;.,;,;,,;;o_l _

- in State of Illinois

Persons Contacted:

Comments:

Name Greg Schweer



ytarYland

FILE MEMO

Name Phil Abell Date 10/21/80----------_....
Time 3:00 File No. __5_69_._01..0;,,;;;1 _

Subject Data on mine sealing in State of Ma1;¥land

Persons Contacted:

Name __p_a.t_G_a_1_la.....;.g_he_r__----

Company _I!1__-_Mary_. ....;:._land _

Phone 301-689-4136-----------_......

Comments:

see attached sheet.

Action Required

Name _

Company _

Phone _
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Name: Pat Gallagher

State: Maryland (301)689-4136

1. Mine sealing techniques used - yes. 1 knc:Mn case.
Double - blkhead (gravel) with center concrete plug.

2. Success in preventing post-mine drainage. This seal was
finished in March 80.

3. Haintenancs required - I:b - none anticipated. Obs. well is
in place to allow rronitoring.

4. Failures - W.Q. data available for:

a) post-failure Being closely romtared.
b) pre-sealing - yes and flow

5. Failures - has re-sea1ing or treai:Jtent been feasible? Treatment
would be feasible. Could be pumped out if needed since
it is a relatively small mine.

6. Failures - any environrrental damage reported? N/A

7. Is list available of all inines sealed within the past five years? N/A
This is the only recent one. Sane very old WPA seals.

This is a= 10-acre mine.

c-16



Comments:

C-17

Had no information. Referred roo to:

569.1.1

10-22-80Date
----~.-;;.;~-----

File No. ----------

Name -------------
Phone ------------

FILE MEMO

Kentucky Geological Survey Company ------------
(606) 258-5863

Kentucky

:Kentucky Department of Mines and Minerals
(60G) 254-0367

Company

Name -------------
Phone ------------

Subjec.t __Mi_·_Ile_se_a_l_i_n.;;.g_te_cl'mi__' que--._s_an_d_e_f_f_ec_ti_·_ven__es_s _

Name Phil Abell

Time 3:20

Persons Contacted:

Action Required



Alabama

FILE MEMO

c-18

Company _

Phone -------------

,Name _

Had no information.

Referred roo to Bob ~ller in charge of lands reclama.tion

(205) 832-6753

Action Required

Name Phil Abell Date 10-22-80
-~-:.:::....;;~-------

Time 2:20 File No. 569.1.1

Subject Mine sealing techniqtES and effectiveness

Comments:

Persons Contacted:

Name Joe Meyers

Company Alabarra?

Phone (205) 277-3630
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Alabama

Action Required

Date 10-22-80

File No. 569.1.1

Company ....- _

Name ~ _

Phone -------------

Have only "sealed" 3 'mines. These were not really seals.
Sinp1y filled the mines with spoil material. ~ plug or cap.

Company Alabama Land Reclamation

Phone (205) 832-6753

Name Bob weller

FILE MEMO

Name __P_hi_'l_Abe__ll _

Persons Contacted:

Subject Mine sealing techniques and effectiveness.

Time __2_:_35 _

Comments:
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Mr. M1eatley will call 10-23-80.

Action Required

File No. 569.1.1

Date 22 October

Company _

Phone _

Name _

Virginia

Dept. of Labor and Industry
Division of Mines and Quarries
Big Stone Gap, Va.

(703) 523-0335

Va. w:B does not m:mitor mines specifically. May have w.q.
stations near mine, but that is incidental. Suggested I call:

FILE MEMO

Subject Mine sealing teehnicn:es and effectiveness

Phone _~(7_0_3.;.)_6_2_8-_5_1_8_3_-__....:-

Persons Contacted:
Bob Dott (readled)

Name Fred I<aurich (out sick)

Company Va. 'Water Control Ed.

Comments:

N phil Abellame --__

10:30Time ~ ...._------
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Persons Contacted:

Virgnia

Date 10-22-80

File No. 569.1.1

Phone -------------

FILE MEMO

Phone __.;..(7...;O_3~)_5_2_3_0_3_3_5 --1-

Mr. Wheatley was -not in his office. Will return the call
tomorrow (10-23-80).

1:10 p.m. 10-23-80

Name Mr. W1eatley Name ---------------Va. Dept. of Labor & Industry
Company Division oE Mines & Quarries Company _

Subject __Mi_'_ne s_e_a_'_i_ng,;;._te_chni__•que..;;;-_s_-_-an_d_e_f_f_e_c_ti_'_venes__s_. _

Name Phil Abell

Time 2:00

Comments:

Mr. \4leatley called Ire back. He is not aware of any
_proqram in the state of Virginia. Mines must be closed to
prevent entry of people. No rerord is kept of closures or
water quality. At least not during the past 7 years since
Wheatley has been with the office.

Action Required



10-23-80 Returned call. Rea:::>Il'l1El1ded Giovannittl.

C-22

H;idrotechnics

Date 10-22-80

File No. 569.1.1

Phone ------------

Name _

Company _

FILE MEMO

Discussed the report prepared by Victoria Lickers. Alex said
they really have very little information (as far as he kncMs) on the
engineering aspects (type of seal, etc.). They're mainly ooncerned
with water quality. He is going to try and cx:me up with sare good
cnntacts in Penn. and will call Ire back.

N"-e Alex _Dansbern'er__ _ ...;;':1;..,.- _

Company __Hydro__technics_Co_rp_.__

Phone __2_12_-6_9_5_-_68_0_0 ___

Name Phil; Abell

Time 3:00

Persons Contacted:

Action Required

Comments:

Subject __Min_'_e_s_e_a_"_'n.,.:g::...-teehni__....que--.s_and__e_f_f_ec_ti_·vene__s_s _



FILE MEMO

EPA - Atlanta.

C-23

Name ---------......---
Company _

Phone -------------

Mr. Taimi will .return the call later today.

Date 10-22-80

File No. 569.1.1

Subject _--.;Mi;,.;;;;;.;'ne~..;;s..;;e,;;;a;;;ll;;;·n;,;"g~te;;;..;;chni;;,;;;;,,;;;;.;·que~;;;s-..;;;an;.;;.d;;,;".,;e;,;;f;;;f;;;ec.;;,ti,;;;;.· ven:..;;;;.;;,;;es;;;;;.;;.s _

N Phil Abellame _

2:00Time _

Comments:

Persons Contacted:

Mike Taimi.Name _

Company _=EP;;,;!A..;....-...;A;,;;,tl;;;;:;:;at:;;.;n;.;;;ta;;;;..". _

Phone 404-881-4727
---~-------_...

Action Required



FILE MEMO
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{~t Virginia

Date 10-22-80

File No. 569.1.1
--~.;....------

Name _

Company _

Phone -------------

Ebb Scott was out, but is e~cted to return on Thursday 10-23-80.

Called again 10-23-80. Still not in. Secretax'y expects him in torrorrON.

Nam~ __Bo_b__S_oo_t_t_"""- _

Company __w_._V,_a_._D_NR _

Phone __<3_0_4_}_6_3_6-_1_7_67 ........

Persons Contacted:

Phil AbellName _

Time __1_:4_5 _

Subject __Mi_·n_e_s_ea_1_ing....;._and__ef_f_e_c_ti_vene__s_s_. _

Comments:

Ac.tion Required
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In charge of NPDES pennitting for mine.

EPA - Atlanta

-569.1.1

Date __1_0_-2_3_-_8_0 _

File No.

Company _

Name -------------
Phone -------------

Mike said rrost of the sealed mines he kncMs of also
have large disturbed areas and spoil piles.' The runoff
from these is oollected and discharged together with the drainage
from the mine itself. This obviously biases the data and 'WOuld
mask the effectiveness of the sealing' technique. He is mt
really aware of any database on this subject for the Kentucky
Region (his area).

Name Mike Taimi

Company EPA- Atlanta

Phone (404) 881-4727

FILE MEMO

Time __3_:15 _

Subject Mine sealing techniques and effectiveness.

phil AbellName _

Action Required

Conments:

Persons Contacted:



Illinois
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Action Reguired

File No. 569.1.1

Date 10/22/80

Company _

Name _

Phone _

FILE MEMO

Does rot have any pertinent data but can identify mines
that have been sealed in" recent years.

- Suggested that Al Grosbo1d, Director
Mining Land Reclamation COl.IDcil
618-782-0588

be contacted.

Name Ihh r..ataa

Company EPA, Field Inspector

Phone 618-997-4371

Subject __Coa__al__Mine__s_-_Po_s_t_Mi_ne_Dr_ai_ra"""9;:..e_CO_n_tro__l _

- in State of J:1lioois

Name GregS~

Tiae 3:15

Comments:

Persons Contacted:



Comments:

Persons Contacted:
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Date 10/23"

File No. 569.1.1----------

EPA - Region III

Fbdgekiss knew of no available data but would check around and
call B. Kaschak if any relevant data are found.

Name Kathy 5::>dgekiss Name -------------
Company EPA Region 3 - Enforcenent Company _

Phone 215-597-2945 Phone -------------

FILE MEMO

Subject Coa_l_Mi_'_ne_s_-_Po_s_t_Mi._'ne__D_r_aJ.;..·na-..;;ge"-_CO....;;...n..;.tro;.;..,;;,..l _

- in EPA Region III

Name __G,;;;r:.;eg~.:;.S.;;,;chweer;.;.;.;.;~:...- _

Ti 3:45Dle _

Action Required
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- - - - - - - - - - - - - - - - - - ~ - - - - - - - - - - -

Date: August 16, 1977
475.15-106

MEMORANDUM

Fileoro:

Illinois has estab1ishErl i ts ~ regulations for the, mining of coal in
this state. Permits Im.lSt be obtained fran roth the Division of Water
Pollution Control and the Deparbnent of Mines and Minerals in order to mine.
'!he state has established its own effluent standards which, for sorre pararreters,
are rrore stringent than EPA f s BP T standards. Only BP T standards are enforced
at present. Mark Bryant is sending Versar a copy of the statefs permit conditions.

Sludge disposal does not appear to be much of a problem for Illinois.
A sludge build-up has not yet occurred in nost treat::rrent facilities. In
those cases ~ere a build-up has occurred, mine sedi.rrents and sludge are
lagooned and evaporated. In sane instances, the drioo solids are buried.
No requlations specifically address sludge disposal, rovJever, state officials
consider ita solid mine waste and regulate its disposal under Chapter 4
of the Pollution Control Board Regulations for Mine Related Pollution.

Deparbnent of Mines & Minerals
Ernest Ashby 217-782-4970
Bob Robson 217-782-6792

Illinois regulates strip mining and strip mine reclarraUon. Ernest
Ashby is sending Versar a copy of these regulations.

According to toth Ernest Ashby and Bob Robson, Illinois has no problE!Tl
with acid prcducing CX\3.1 mines. App3Xently all surface mines are required
to be designed so as to preve.'1t water from caning in rontact T,vith the coal
seam. Also, reclc~Ination techniques prevent any problems with nlI1-off.

Eob Fobson insisted that deep mines have no craL'lage problerns. He cited
C...o reasons: 1) diminis,~ed precipitation in the midwest as ca::-~red to t..'-1e
e2st a",d 2) t,~e structure of deep mines iJ1 IlIL"X>is. De."2p coal mines in
Gns sta.te are shaft mines nmning straight dc:wn ::or 250 I to 1000'.

ILLIIDIS
Division of Water Pollution Control, Permit Section
217-782-0610
Mark Bryant

FR01: Linda Kay

SUBJECT: State Regulations Pertaining to Coal Mining - ILLINJIS
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August 16, 1977

475.15-106

This information rontradicts Versar's observations of mining in this
state. The Will Scarlet Mine (Peabcdy Coal) had sare of the rrost acid
discharges enoountered in the !?AT Coal screening sampling.

Environmental Protection Agency
Bob Gates, Field Inspector
618-997-4371

Bob Gates was sorrev.tlat rrore realistic about mine drainage problems
in Illinois. He did provide a "partial" list of counties where a p::>tential
for acid drainage exists. They include: St. Clair, funroe, Randolph,
Jackson, Johnson, Williamson, Christian, Vermillion, Massac, Por::e, Hardin,
Saline, Gallatin, Franklin, Madison, [(:)Ug1as, Bond, Jefferson, Knox, Peoria,
FUlton, and MaaJupin.
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M E M 0 R A ·N DUM

475.15 File

Lir.da ~j~
State Regulations Perta.in.ir.g to coal. Mining

'ID:

P.llgust 9, J3n

rewA

Soil O:lDServation tepartrrent
Division of Mines am Minerals
515-281-5851
Marvin lbss

Iowa does very little to regulate roal m:i.n.in] principally because this

i.ndust:ty is so snall in this state. Presently there are only 2 UIrle..-rgrc:urrl

mines and 7 surlace mines in operation. Large dey;:osits of coal, however,

und.erlie 1:::his area ani officials expect the indusb;y to increase in size in

the future with the cw:rent emphasis on coal as an energy source.

Iowa does have a surface mine reelaIration act that went into effect

FebrUary 1, 1977. Versar will receive a copy of the act am the accanpmying

regulations.

Acid mine dra..in;age is not nuch of a problem in Iowa. Only a couple of

mi.nes have acid d.i.sch.a:rges and, due to relatively low precipitation rates in

this area of the country, their discharge vol'l.lIte is rnin.imal. J.bandoned

strip pits are the 1aJ:gest conceD1 .in this respect. During particularly

heavy stoJ::rnS I the pits saret..irres overflew and disc."lai:ge acid water into lccal

drainage systens.

-------------- ..... _----------------------

J:epartrrent of Envirornental Quality
Oivision of. Yater Q.1ality
Joe Ober
515-265-8134

n--.e Division of Water Qt;a..lity dces not make any attempt to nonitor

dr~-..ase fran ooal nd.1'1.e operations. It dces not a±ni.ni.ster a per:ni.t prc:gram

and it has rot establis..~ed any efflue..TJ.t starrlarCs.

All regulation of t.~e er....al ir:dushy has beo-n ce1egatsd to t.~e federal

scven:=rent. T:1e U.S. EPA (p..egicn V) acmi."rristE2.-s the NF!JES f€U"it FI'OS!.2l11 cr'=:
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Date: August 30, 1977
475.15-114

MEMORANDUM

475.15 File

Indiana Stream Pollution OOntrol Board
Water Pollution OOntrol Division
317-633-0751
Jim Ray

Departrrent of Natural Resources
Division of Reclamation
317-633-6217
Richard McNabb

Indiana has been approved by EPA to administer the federal NPDES permit
program. The state is therefore enforcil,g BPr effluent standards for t.1-:le
coal mining industry.

According to state water pollution authorities, acid mine drainage is
not Im1ch of a problan in Indiana. A few abandoned mines are sources of acid
water and there are sorre potentially acid areas along Indiana I s southwest
border in Vigo, Sullivan, Knox, Gibson, and Posey counties. However, the
errployrnent of new mining rreL'1ods required by the surface mine reclamation
act prevents the fonnation of acid drainage.

The Water Pollution OOntrol Division is not aware of any problerns in
the industry with sludge disposal and it has not developed regulations wnich
address the topic.

Indiana has a surface mine recl&-ration act in effect. Richard McNabb
is sending Versar a copy of the act and acca!If'anying regulations.

Surface 'nining =""Prises the bulk of the mining industry in this state.
There are presently only two active deep !'[lines.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

FF.cM: Linda Kay

SUBJECT: nIDIANA - State Regulations Pertaining to Coal Mining

"".~v.
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Date: August 8, 1977
475.15-99

C-32

MEMORANDUM

'There appears to be little or no state regulation of t.'1e disrosal
of sludge fran treabTent facilities. Ohio's pe.nnit syste-n
requires the optllnum operation of treatn'ent facilities, and t.1J.is
requir~~t permits state officials to deTand sludge re~val if
the sludge build-up b3caTes a proble.-n in the operation of these
plants. Basically, the state· s regulation of sludge is handled
on a case by case basis. Ohio does have solid Vv'aste regulations
in fGl.-ce; ho.<,'ever tr.ey do not address the disFOsal of sludge fran
coal ov~ations in particular. Revisior.s of these regulations
to include acid mine draLT1age sludge are expected in t..~e future.

Ohio has an apr:::eal system that lX?lmts the establish:ne..'!t of ;.ore
stringe..'1t effluent stcnda Jx1s for Cel-tain pristine waters. Ec:,,\'ver- ,
action to establish JE;!,A/ st.andarCs ca~ only re l..'1stisai':d lJy citi:::2.;'j
cc:, ,::",1al..l ts .

- DepartIrent of Natural Resources
Division of :Reclamation
614-466-4850
Barbara Merrill

Ohio regulates strip mining and strip mining reclamation. Division
of Recla.rra.tion will send Versar a copy of state regulations.

- Division of Mines (Ohio)
614-466-4240

This division regulates mine safety only.

- Office of Wastewater Pollution Control
614-466-2390
Dave Danford

Ohio administers EPA's NPDES program and currently has approved
677 permits. Ohio is just beg:i.nning to actively rronitor mining
activities and is currently enforcing BPT standards as they
appeared in the Federal Register. 1 In the past, coal mining has
been a low priority industry in Ohio. State resources were
allocated prinarily to the regulation of larger, rrore dCminant
industries such as steel and the utilities.

SJRJ""ECT: Ohio - Survey of Coal Mining States Regarding State Regulations
Pertaining to Coal Mining.

'lU: 475.15 File ..010
F:'~: Linda Kay i
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West Virginia fODTUllate::1 sane "new" water quality standards three years
ago, and these are being plblishe:1 this week. Mr. Ware will send us a
copy as soon as they are available.

I aske::1 if their data on flow and quality of water from coal mines waS
on a ccr,puter or was in a form wt.ere t..'1e aITount of acid draiP.age in ;'~est

Virginia could be deter711ir'ed re",dily. The :-esp::mse ,,:as tr.at t..'1eir rrill'.age
rr.e..'1t didn't see-n to k."ow t..'1at CCIT'fA'ters had bee.'1 iJwe..'1ted. One clerk
'":ancles the data and she is two yrers behi..rrl. Eo\,'ever, Hr. l\ilre cCTIented
e--~1.t t:.e ;:,8 ;;1"ob1.6:1 h[:~:: J\1.~C; c,nly in u-e i-1oncr.~ahela River valley

August 6, 1977
475.15-96

Date Calle::1: August 4, 1977
10:10 a.m.

Mr. Paul Ware
Water Resouroes
(304) 348-3614

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Division of Water Resources
1200 Greenbrier Street
Charleston, WV 25311

K. RandOlP~

State Regulations on Coal Mining: West Virginia

Talkeq with:

Strip mines are regulated by the Reclam3.tion Division under the Strip
Mine Reclamation Act. This act provides sane water quality standards that
are less stringent than BPT, (pH" 5.5, Fe ~ 10 prm). However, Water
Resources Division passes on all ~'PDES permits aril they must rule on
water quality fran strip mines before the mine can get a mining permit.
l'later Resources, once again, generally :imp::>ses BPT standards. Mr. Ware
will send us a copy of the Act wnen he sends the water quality standards.

West Virginia has a state permit system for regulating coal mine drainage.
By and large, thj s boils down to EPA BPT guidelines. Each permit is handle:1
individually as far as effluent limitations are concerne::1, but in the majority
of cases, the limitations are BPT. There are sare exceptions in what were
referre::1 to as "sensitive waters". In those cases, the reoeiving w'ater quality
controls the limitations :imp::>se::1 by West Virginia aril these are always lIDre
stringent than BPT.

As for regulation of sludge disposal, this corres u..'1der the mining
permit, and it is r.an::lled on a case by case basis. The mining cornr-any must
show in their aFPlication for a mining permit how "-''1y sludge will be dispose::1
of and the Reclamation .""ct has sanet:..e'1ing to say on t..'1is too. West Virginia
does not have any formal regulation for sludge disposal. Lagconing, returning
to mine, dryi..'1g and filling may all be acoeptable dep2.'1ding on corriitions.

TO:

SUBJ""ECl' :

F2m:
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Merro to 475.15 File
August 5, 1977
475.15-96

and drainage area. But he had no idea how nnlch water was t:eing treated.

Mr. "Ware was very cordial and quite helpful. He said that we were
welcorre to call anytime.
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Maryland, like other states, does not specifically regulate the handling

of acid mine drainage sludge. Solid waste regulations are in effect, hov.'ever,

and diSp:Jsal of sludge frcm coal mining - should it occur - ITU.1st con= wi'b'l

these regulations.

MEMORANDUM

1977

475.15 Fil~ f
Li.rrla Kay 1.-t
State Regulations Pertaining to Coal Mining

'IO:

August 3,

FRCM:

SUBJEX:.'T:

MARYIAND

larry Ramsey
Industrial and Hazardous Wastes, Water Res=es Administration
Marylarrl Department of Natural Resources

'Ihe State of Mary1an:l regulates drainage fran coal mines. In fact, the

Deparbnent of Natural Resources maintains a very active program. They have

established effluent guidelines, based an in-house studies of the state's

particular mining conditions, which are actually rrore stringent than EPA's

BPT guidelines. Maryland rronitors turbidity (and therefore TSS), iron, and

alkalinity. AcOOl:ding to Larry Ramsey, Maryland mines have no problems

achieving these standards. Versar will be sent a copy of Maryland's peonit

conditions.

Maryland has a very effective, centralized enforcement program. While

the Bureau of Mines approves mining peonits for both deep and surface mines,

routine inspection is carried out by the ~ter Resources Administration.

'!his division is alsoresfOnsible for the enforcement of the cx:lIrlitions

required by other pennits necessary for coal mining (Soil Conservation Service

pennits and water discharge pennits). Violations of the corrlitions of one

pennit result in the revocation of all pennits requirEd for mining. This

centralized systan is unique cirrong the coal mining states and it appears.to

encourage a fair and cernprehensive regulation of the industry in this state.



mines.

Marylarrl Effluent Standards for Coal Mines

Robert Creter
Water Resources Admin., CUmberland Office
301-777-2134

Tony Abar
Bureau of Mines
301-269-3382

MARYI.AND, COn ft.

C-36

r-'J&yland has a strip-mining reclamation act, in effect since July 1,

1976. Aocarrpanying regulations have been established arrl are in the process

of revision. Tony Abar is sending Versar a copy of the act and current regu

lations. Versar will also receive similar regulations pertaining to deep

Sludge diSf'OSal does not appear to be a problem in Marylarrl. 'Ihe new

strip mine reclamation regulations provide for the hrrial of sludge in strip

pits. In nest cases, sludge is all~ to rEm:i.in in the sedirrentation r:onds

and, after the mining ~ations cease, the liquid portion eventually

evapxates. This is especially the case in surface mining operations where

sludge roild-up is rarely a problem since nei\1 porrls are continually being

constructed as mining proceeds. Officials expect diffiOllties with sludge

disposal to increase with the opening of rrore large deep mines within the

state.

According to Robert Creter-of the Water Resources Administration all

coal Seam9 in Marylarrl are acid prcducing.

pH 6.0 - 9.0
Alkalinity must exceed acidify

*TL1rbidity 100 Jackson Campbell units

TSS 35 rrg/l (average) 45 rrg/l (rrrodlwm)

Total iron 4 •0 rrg/l (naximum)

*Turbidity has been correlated with total sl1sp2.I1ded solids for ease of measure

ITe."1t in the field.



Comments:

Persons Contacted:
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569.1.1

Date Nov. 12, 1980

File No. ----------

FILE MEMO

Since 1978, water quality nonitoring of discharge from active
mines has been re':1uired under the NPDES program. lbwever, conpliance
in reporting has oot been good and data has not been conpiled into
any readily accessible fom. .

The State of Kentucky has discouraged the practice of
underground mine sealing based on expected failure of seals.

Kentucky

Name Joey Roberts Name _

Kentucky Dept. of Natural ResourCes
Company & EnyirQ]'lI'J§ltpJ Protectign Company _

Div. of Standards and Specifications
Phone· 502-564-2377 Phoue _

Name Greg Schweer

Time 2:15 p.rn.

Subjec:tCoal Mines - Post Mine Drainage Control

- State of Kentucky

Action Required



C01Dlllents:

Persons Contacted:
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File No. __-.:;:.56:::,;9~•..:;1;:...1;:.._ _

Date 11/13/80

Mr. Rosenbaum heads this newly famed Division of Abandoned
Lands. This di.vision will be addressing acid mine drainage problems
and developing abaterrent plans. To his k:ncM'1edge, there has been
very little sealing of abandoned mines in Kentucky in he past and
there is little if any rromtoring data on mine drainage. His division
will be undertaking an inventory of abandoned inines in the state within
three weeks.

Kentu~

Name David Rosenbaun Name _

Kentucky Dept. of Natural Resources
Company and. EnviroI'ltEIltal Protection C01llpany _

Division of Abandoned Lands
Phone 502-564-2141 Phone _

FILE MEMO

Subject __...:Coa1~==-Mi~·ne~s~-~Po~s~t::::..:.:Mi~·~n~e....;D:;::r~aJ.~·~na:::::::l.g=.e..:CO~n.;.::tro~~l _

_ State of Kentucky

At present, Og4 is oonstructing an emergency seal on a mine
in Knott oounty. The state is designing cover seals for three

Action Required mines in western Kentucky.

Name __G_reg-..;:._S:..chweer _

Time 2:00 p.m.-----=----------



Persons Contacted:

- State of Maryland
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569.1.1

11/13/80

File No.

Date
--~........_-------

Phone -------------Phone _...;3~O;,;1;.,.,-.::;,6;;,;89;,.-...;4;.;;;l;.;;;;3,;;;,6 .._;, __

Ma1:yland

'fue State of Maryland has not conducted any mine sealing prograrrs;
oonsiders treatrrent of AMD to be nore feasible and reliable.

Name Anthony Abar Name _

Maryland Dept. of Natural Resources
Company BllreiiJ1 of Mine!; Company _

FILE MEMO

Subj ect .looCqlo.log'"'J......M:.&.Ij....D,IIi;PilOlS~-_pl;;ln..l.iS~t~M.I.Ij..l.pu;;;e~D""r...aQ.J.I"j·p.Ll;a~gj.C:~~Cl-.lo.l.lnt"-x,o~J"-- _

N Greg Schweerame __--..,;=-- _

Time __2_:_15 _

Comments:



Persons Contacted:

Action Required
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·569.1.1File No.

Date 1_1_1_12_1_8_° _

Phone _

r-b program·is unool:Way in W. Va. to seal abandoned mines.
H:::Mever, Mr. Ware stated that he is aware of several dozen mines

. which have been sealed and for which pre-sealing water quailty
data probably oou1d be COllpiled and made accessible to EPA. Little
if any fOst-sealing water quality data is e'lpected to be available.

west Virginia

Phone __3_o_4-_3_4_8-_3_6_1_4 ___

Name Paul Ware Nue ------------W.Va. Dept. of Natural Resources
Company Division of Water Resources Company _

FILE MEMO

Subject __O..;:oa..;.;...1_Mine_·__s_-_Po.....;;.;;;s_t_Mi._·ne~_Dr;;;.ai;;;;;;;.;;na.;.;.;.;:;:ge..;;....CO.;.;;.;;.n;..;tro.;;.;.1 _

- State of ~st Virginia

Nue __~G=rego=.;;J,,"':S::.=chweer;:;:,::.::~·=- _

Time 3_:1_5 _

Comments:
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west Virginia

Subject Coal Mines - Post Mine Drainage Control

State of west VirgiiUa

11/12/80

569.1.1File No.

Date ___IooloooIo"""""WWo. _

Company _

Name -------------
Phone -------------

N......... Dave Kessler-.;0 _

Company _W_"v..".a~.:r=2:Dep=t_r. _o_f_Mines_' _
(HCijfrS. )

Phone 3o_4_-_3_48_-_2_0_61 ___

Mr. Kessler can provide a oorrputerized list of abandoned mines
for which mine maps are available. In regards to sealed mines and
sealing tedmiques, he sU3'gested that the five regional division's be
contacted:

FILE MEMO

Name _-.;G:::,::r=.::eq::.:l-.::S;:chweer===-- _

3:30Time _

Comments:

Persons Contacted:

Northern Division - Grant King - 292-5642
oak Hill Division - Frank Legg - 469-2222
Vivian Division - Ed Jarvis - 585-7013
wgan Division - Mr. Cook - 239-2326
Kanawha Division - Jim Gillespie - 442-2823

Action Required
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HYDROTECHNIC TRIP REPORT
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Trip Report - Pennsylvania Deparbrent of
Envirornnental Resources

Purpose of Trip: Obtain data on inactive coal mines and
post-mining discharges

787-9646
(717) 787-8184

Kathy seiber (717)
Dix Ibffman
Ernest Giovannitti

3. Wildwood Mine
466MOll

4. JVN Mine
367M034

5. Carrolltown No. 2 Mine
566MOO6

6. North carrp No. 1 Mine
266M032

Pennsylvania·D. E.R.
Fulton Building
3rd and Locust s.t:reet
Harrisburg, PA

Prepared by: Victoria Lickers - Hydrotechnic Corp.

Date of Trip: October 9, 1980

1. Barnes & Tucker Co.
567M035 and 567M028 (same mine - tw:J permits)

2. Margaret #7 Mine
366M006

Contacts:

Results:

seven facilities, representing cases of successfully sealed
mines with no discharge problems, and sealed mines where post-mining
discharges have occurred, \'/ere selected for review by DER. These files
had been pulled:



Barnes & Tucker, MaE9"aret #7 Mine,: and wildwood Mine have

all had problems with :POst.:.mining discharges. The remaining three

facilities fall into the "sealed, no discharge" categoJ:Y.

Data was Xeroxed and is ncM on file in Hydrotechnic's office

for all facilities except the JVN Mine and the Barnes & Tucker facilit:j •

The rerra.ining data is to be oopied by DER persormel and forwarded to

Hydrotechnic.

It was learned (from D. fbffnBn) that the number of inactive

mines in Pennsylvania, for which the operators are resJ;XmSible, probably

falls within the range of 300-500. Those facilities in the lIsealed,..
00 discharge" catego1'Y are inspected about twice a year (after the first

5-year period) by OER personnel. Due to limited manpower, only the

p::>rta1s are checked for discharge. There is no groundwater nonitoring-
or engineering analysis perfoITl'ed.

Mines with discharge problems would be nonitaring rrore

closely, depending up:::>n the cirClmlStances.

Based up:::>n his understanding of the information that EPA was

after, Fbffman did not seem to think that obtaining data for rrore than

the selected 7 facilities was necessary. He also stated that fur

sorreone to piece together the background of a particular facility

from the files aould be difficult and t:i.rre-o::msuming.
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Since there was a great deal of data (much of it legal

correspondence) ooncer:ning the Bames & Tucker facility, the need

to Xerox and/or use all of it was questioned. E. Giovannitti was

ex>nsulted as to the possibility of sorreone familiar with the

case preparing a short "histo:rytt of the problem, actions taken,

etc. He responded that it would be difficult, and that he diOO I t

kIXM who would be qualified to do it. He suggested that if EPA

were to get in touch with him regarding a specific aspect of the

problan, he may be able to help.

Giovannitti also noted that he thought the EPA was

stressing the wrong aspect of the posbo..rrd.ning discharge problan.

He felt that nore attention should be paid to those mines which

have been successfully sealed and to the sealing teclmiques employed,

rather than to treating the post-mining discharges that occur at

some of the inactive mines. As he pointed out, treating the discharge

fran an active or an inactive mine ~is essentially the same.
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RESULTS OF 1980 LITERATURE SEARCH

C-49





u.s. 1l£PU11IBIT:JlF ;C)IIKERCE
IatiIuITecMicat........·SenicI

PB-27.2373

IDNG-'l'EIM ENIlIRONMENTAL EEEECtIVENESS

OF CIDSE I:X:lm PROCEDURES

FASTERN UNDERGROUND <XlAL MINES

HRB-Singer, Inc., State College, Pa.

Prepared for

INDUsnuAL ENVIRO~ RESEARCH LAB - CINCINNATI, OHIO

Aug 77
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Report No.: EPA-600/7-77-083

Title and subtitle: Iong-Tenn Environrrental Effectiveness of
Close IJc:Mn Procedures - Eastern Underground Coal Mines

Authors: M. F. Bucek and J. L. Enel

Perfonning Organization Nane and Address:

~Singer, Inc.
P. o. Box 60
SCience Park, State College, PA 16801

Sponsoring Agency Nane and Address:

Industrial Environrrental Research Lab. - Cin., OH
Offics of Research and Developnent
u. S. Enviromental Protection Agency
Cincinnati, Ohio 45268

Abstact:

The objective of the research project was to prepare an up-to-date
dxtttent on deep mine closures that have been or are planned to be
.i.nt:>lerrented in the· eastern coal mining regions. The project was also
to provide an initial overview of the effectiveness of the closure
methods and the factors to which their effectiveness can be attributed.
The effectiveness was evaluated in tenrs of a closure effect on
mine drainage quality and quantity.

The trend analyses of the pollutant concentrations and outputs for
the pre- and post-closure periods show that the closures for rrore than
half of the sites reversed or reduced increasing pollutant trends, augroonted
the already decreasing trends, and reduced variability in fluctuations of
the water quailty . '!he effectiveness of the mine closures wi th respect
to the mine effluent quality by eatparison with the prelirninaxy mine
effluent guidelines was observed to be usually less than 50 percent
effective. The degree of closure effectiveness with respect to the
mine water quality inproverrent was found to be predaninantly detennined
by the physical and mining fr~rk to the sites and less by the closure
technology •
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EPA-600/7-77-090
August 1977

ELKINS MINE DRAINAGE

POLLUTION CONTROL

DEMONSTRATION PROJECT

by

Resource Extraction and Handling Division
Industrial Environmental Research Laboratory

Cincinnati, Ohio 45268

Edited by

PEDCo Environmental, Inc.
Cincinnati, Ohio 45246

Con~rac~ No. 68-02-1321

Project Officer

Ronald D. Hill

INDUSTRIAL ENVIRONMENTAL RESEARCH LABORATORY
OFFICE OF RESEARCH AND DEVELOPMENT

U.S. ENVIRONMENTAL PROTECTION AGENCY
CINCINNATI, OHIO 45268
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ABSTRACT

Underground and surface coal mining operations have re
sulted in degradation of the environment. Past mining opera
tions continue to pollute streams with acid, sediment, and heavy
metal laden waters. Land disturbed during mininq lies deluged,
and useless. In 1964 several Federal agencies in cooperation
with the State of West Virginia initiated a project to demon
strate methods to control the pollution from abandoned under
ground and surface mines in the Roaring Creek-Grassy Run water
sheds near Elkins, West Virginia.

The Roaring Creek-Grassy Run watersheds contained 400
hectares of disturbed land, 1200 hectares of underground mine
workings and discharged over 11 metric tons per day of acidity
to the Tygart Valley River. The reclamation project was to
demonstrate the effectiveness of mine seals, water diversion
from underground workings, burial of acid-producing spoils and
refuse, surface mine reclamation, and surface mine revegetation.
Following a termination order in 1967, major efforts were
directed away from the completion of the mine sealings and
toward surface mining reclamation and revegetation. In July
1968 the reclamation work was completed with the reclamation and
revegetation of 284 hectares of disturbed land and the construc
tion of 101 mine seals.

Results of an extensive monitoring program revealed that
some re4uction in acidity load (as high as 20 percent during
1968 and 1969), and little if any in iron and sulfate loads and
flow have occurred in Grassy Run. Roaring Creek had an insig
nificant change in flow as a result of water diversion, and a
decrease of 5 to 16 percent in acidity and sulfate load. Bio
logical recovery in both streams has been nonexistent except in
some smaller subwatersheds. Good vegetative cover has been
established on almost all of the disturbed areas. Legumes
dominate in most areas after eight years. Tree survival and
growth has been good.

Average reclamation costs (at 1967 prices) were as follows:
surface mine reclamation - $4,lSO/hectare, seal construction 
$4,140/seal, and revegetation - $620jhectare.
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ABSTRACT

A study was conducted on Trout Creek in northwestern Colorado during
1975-1976 to aSSess the .ffect~ of drainage from an adjacent surface coal
mine on the distribution 01 fish,. in th' creek. and to relitt th.1r dis
tribution to physical and chemical variables. A second objective was to
determine the possible toxicity of surface coal mine drainage water on fish
stocked in ponds receiving surface and groundwater run-off from the mine.

Results did not indicate any direct effects of mine drainage water on
the distribution of fishes in Trout Creek, although possible effects may
have been masked by elevation, stream flow, streambed alterations, and agri
cultural irrigation return flows. Brook trout (satveZinus fontina2is) was
the dominant salmonid species in the upper reaches of the creek; rainbow
trout (Sal.mo gaiItdnet'i) and brown trout (S. tz-utta) were found only in the
region of the mine. Mottled sculpin (Cottue bai~i) and speckled dace
(Rhinichthy8 o8ouZue) were the most common fishes found throughout and at
all but the uppermost reaches, respectively.

Rainbow trout stocked in mine seepage water ponds for a year evi
denced high survival rates over an eight-month period during the winter.
but fared poorly during the ensuing summer months. this latter most pro~

bably because of extremely high water temperatures. There was no apparent
evidence of toxicity to the fish from contaminants in the mine pond water.
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ABSTRACT

Underground minina operations across the United States produce I number of
environmental problems. The foremost of these environmental concerns is acid
dlteharal' from jnagtive and abandoned underlfOund mines that d.teriorate streama,
lake. and impoundments. Waten aftected by mine dr.an....... alt.nd both
chemically and phylicany.

ThiJ report diacuaes in Part I the chemistry and aeoaraphic extent of mine
draina,e pollution in the United Statel from inactive and abandoned underpound
mines; undellround mmin. methods; and the cla.ificatlon of mine drainap control
techniques. Control technololY wu developed mainly in the coal fieldl of the
Eastern United States and may not be always applicable to other relion. and atber
mineral minina.

Available ,t-source mine drainage pollution prevention and control techniques
are described and evaluated in Part II of the report and consi.t of five ~or
cateloria: (1) Water Inflltration Control; (2) Mine SeaUnI; (3) Minilll Techniques;
(4) Water Handlin.; and (5) Discharae Quality Control. This exiltinl technololY it
related to appropriate COlt data and practical implementation by mlana of examples.

A summary of the mineral commodities mined in the United States foUow.
Part II and relate. to type. Iocalo and environmental effecta.

A lilt of minerals, mineral formulas, alo.ary and extensive biblloaraphy are
included to add to the ulCfulness of thiJ report.
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REFERENCE 4

FINAL SURVEY REVIEW TELEPHONE MEM01S
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Organization: Federal Reclamation Pro;Jram, CSM

contacted:

caller:

Subject:

Discussion:

REOJRD OF CDNVE:RSA.TION

7/7/82 3:30PM

TEU:XlN MEM)

Ted Ifft at 343-7887

James Spatarella, EPA (WH-553)

Coal Mini.ng Reclaroation

'!he program actually started sealing and reclanation projects

in FY78. That year the projects were cnly to prevent

endangering lives at abandoned mines. '!he na.jority of o.1r

projects started in FY80 and FYBl (Note - There have been up

to 10 projects at cne mine) with 131 shaft projects ani 199

other projects CCltpleted or under contract. There have "been

no known failures at mines with anrpleted sealing projects.
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Organization: Abandoned Mine Lands Program, <:EM

Contacted:

Subject:

caller:

Discussion:

7/7/82 3PM

TELC:>N MEM:>

CJ1arles Crawford at 343-7921

Coal Mining Reclanation

James Spatarella, EPA (WH-S53)

'lhe program is just l10Ving into full swing with nany states

waiting for oor funding. One project. in W. VA has been

recently a:rrplete:i (Feb. 82) with 1,100 projects anticipated

likely.

Arcther source of informa.tion might be the Fe:ieral

Reclamation Program, CEM.
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Organization: Penney1vania Depirtment of Environnw:mtal Resources

contacted:

Caller:

Subject:

Discussion:

RECORD OF CDNVERSATIQN

7/16/82 2:30PM

TELCON MEM)

Dix HoffIran at (717) 787-8183

James Spatarella, EPA (WH-553)

COal Mining Reclamation

This call was identified as a fo1lo..r-up to the Hydrotechnic

trip of October 1980 which he rernatUJere::l. He explained that

little new progress has been rrade in quantifing the extent of

the problem. The data given to Hydrot.echnic was the results

of the last attenpt on defining the problem and. was based on

permits fran 1965-1975 that were £bund to be inactive in

1980. '!his xrethod estimated Z. 1,000 closed mines in the

state oot 00 data on the number of closed mines causing water

quality problems.
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agencies. The results of this survey are a:msistent with the issue paper.

subject issue paper. The marro documents our last attempt to upjate the 1980

telephone survey, and again shows the lack of available data fran state
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(WH-553)
( WH-552)
(A-131)
(WH-S8G)

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

AUG 251982

Investigation of Post-Mining Discharges After St1CRA Bond Rel~ase

Jalt\~s J:' Spatarella, Bnvirornn:n~a~ Engineer f 1:'i~PY'
MOllltorlrY;! and Data Support D1V1Slon (\'IlI--553)r T'
Bill Telliard, Chief
Energy and Mining Branch
Effluent Guidelines Division (WH-552)

Alec. McBride, Chief ~ /71.---~
Water Quality Branch
Monitoring and Data Support Division

Rod Frederick
Allison Phillips
Joe Freedman
Chip Lester

The attached rrerro is forwarded for inclusion in reference (4) of the

cc:

TO:

TH.RLJ:

SUBJECf:



Tennessee - No new data available.
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569TM-232

c:c:: B. Maestri
M. Neely

MEMOR.ANDUM----------
Jim Spatarella

Justine Alc:howiak f..
August 25. 1982

SUBJECT: Type and Availabili ty of Data Concerning the
Long-Term Effectiveness of Underground Coal Mine
Sealing Procedures

DAn:

PROM:

TO:

Alabama - Three mines have been sealed t however, they have not been sealed
in accordance with SMCRA regulations. Water quality monitoring data are
available for two mines which discharge into the Main Creek Watershed.
Fish kills have occurred in the area. There is a court suit pending
against the mine owners.

Maryland - One mine sealed recently (March 1980). Water quality monitoring
has been done in cooperation with the U.S. Bureau of Mines.

Illinois - Approximately 40 to 50 mines have been sealed since 1977. These
mines have not been sealed in accordance with SMCRA regulation. No water
quality data available at this time. A water quality program is expected
to start in 1983.

Pennsylvania - Approximately 40 to SO mines have been sealed. These data
were previously available to EPA. Any available monitoring data are
available in the BRB-Singer Study (also mentioned in the October 1980
survey) and in the files maintained by the state's Dept. of Environmental
Resources, Abandoned Mine Area Restoration Division.

A telephone survey was conducted between August 19 and 23 t 1982 by
Versar personnel to determine the type and availability of monitoring data
and other relevant data that will enable MDSD to assess the long-term
effectiveness of underground coal mine sealing procedures. The scope of
this survey was limited to obtaining information from the state mining
and/or enVironmental officials in eight coal producing states
(Pennsylvania t Tennessee. Maryland t Alabama, Ulinois, West Virginia,
Kentucky and Virginia). A similar survey was conducted by Versar in
October 1980. The results of the limited number of interviews conducted
indicate that since 1980 little additional data pertinent to this survey
are available. The available data are summarized below.



Memo to Jim Spatarella
August 25, 1982
Page Two

West Virginia - Limited water quality data may be available.

Kentucky - Limited water quality data may be available.

Virginia - Limited water quality data may be available.

Attached to this memorandum are copies of the file memos for each telephone
interview conducted. Please contact me if you have any questions.

IUS 5183
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8/19 will return call.

Drainage Control - State of PA

C-71

569.1.1File No.

Date _8_/_1_9/_8_2 _

Name --------------
Abandpned Mine Area Company _

Restoration Div., Dept. of Environ. Res.
717-787-7668 . Phone _

Company

Phone

Name __Da_:ve__Ibg-::.,ernan _

FILE MEMO

Time _

Name p_a_t_"VOOd _

Subject coa_l_Mine_·__s_-_Co_nf_i_nna.__ti_'_o_n_o_f_l_9_8_0_i_n_fo_f_o_r_Po_s_t_Mi_'n_e _

_ Pennsylvania

Persons Contacted:

Comments:

8/20/82 Preconstruction H20 quailty data
Post a:::mstruction nonitoring data for seals and H20 drainage
Approx. 40-50 mines have been sealed. HRB - Singer
study covers mine techniques used. Any obtainable data
plus HRB Singer study are contained in the Star files and
should be requested through Bud Fredrick.

Action Required Abandoned Mine Area Restoration Div.
Dept. of Envirornnental Resources



in Pennsylvania

C-72

Mr. Schuster will be in. the office on Monday and will return call.

File No. 569.1.1

Date 8/19/82

Phone _

Name _

Burt:!au of water Quality M~ompany _

Pennsy1vania

Mr. Schuster says situation in Pa. is the sarre. fkMever, approx. 30
mines are sealed. rt:M since 1976. All H

2
0 ronitoring data and inspection

reports are in the files. The Bureau is 'OOW (very recent) \'vt)rking with 09-1
and freq\.Ent rronitoring is expected to."follow in the next year. Is not
aware of art:! sealing, envirormenta1 or H~ quality problems. Due to lack
of funds, the Bureau has not kept a very good tracking reo:>rd.

Phone _~71:::..:7~-..:.7~87:..-..::;:8~18:::.;4:._ ~

Company

Name __Evan;.:.;:;:;.:...;S:;.;ch=us~te::;;r=__ _

Persons Contacted:

FILE MEMO

Name __p_a_t__W:>o_d _

Subject Confinnation of 1980 info cxmceming Post Mine Drainage g::mtrgl

Comments:

Time _

Action Required



Action Required

State of Maryland
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569.1.1

8/19/82

File No.

Date _........~...;;,;;;'----------

Name -------------
Phone -------------

Bureau of Mines in Maryland Company ------------
Jeff McCcmbs

Pat WJod

8/20/82 Pear Creek mine is the only recent mine sealed. Corrp1eted
March 1980. Monitoring has been done in co::>peration with
the u. S. Bureau of Mines. All data has been handled by
(see below) .

u. S. Bureau of Mines
Lester Adams @412-675-4331

Company

~land ...

8/20/82 Mr. McCanbs is. in the field.
Will return call later.

Name -------------
Phone _....;,3..;;.0_1-6_8_9-_4_1_3_6 ...

FILE MEMO

Name --..,;..-.;;..-.---------

Comments:

Subject Mine sealing and Drainage Control. New info and ronfinration

of 1980 info.

Time --------------

Persons Contacted:



Persons Contacted:

State of Alabama

Date 8/20/82

Phone _Phone _2_0_5-_8_3_2_-6_7_5_3 __

8/20/82 Will return call.

8/20/82 Filling with spoils/clay/dirt! and sealed with ooncrete cap. sealed
for safety due to growth of housing population in the imrediate area.

C-7 4

Name lbb mller Name - _

Compan.y Alabama Land Reclamations Company _

rime _

FILE MEMO

File No. 569.1.1

Subjec:t __....:Mi.:.=.ne=-.:s=ea::;;li::;:;:·::;.ng~.:::te;:;chni==·~que=s:..:an::.:.:;;d~i:.:ts=-..::e,;:.ff;:;e::.;cti:.=·:.::.vene=.::::s::s:l.{ _co,;,.;;..nf.....;,,;:i::.;rma.;,:.;,;;,;.ti;;,;;·;.;;on~. _"_

of 1980 info.

N Pat WX>dame _

Comments:

Action Required
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EPA ~ion N-

Subject _~Po~s:.:;t:.;Mi:o:;;·ne:.=...:D:;::r;.::al.=·~na~ge::.:....;Con=.:.:troo:=.;:;:=l:..,,;lo.i~n....:EP~T\~Re=sn.i.=·.::;:Q~n__N=.:L.. _

205-277-3630

Ken McDowell

Date 8/20/82

File No. 569.1.1

Name --....;.;;;;:;:.:..,::.;.;;::===-------
Company Alabama H20 Irrproverrent Conmission

Phone ---..;.,----.;....-----

8/23 Referred to Ken McI:lcMell
205-277-3630 Alabama

Company __EP._'A_-_A_t_l_an__ta _

NaDle Mr. Bill Taylor

Phone 4_0_4_-_8_8l_-_4_7_2_7 ~

FILE MEMO

Time _

8/23 Underground - not k.ncMn. Referred Ire to Alabama Underground Mine
Authority - 205-221-4130.

Mr. MdXJwell is currently involved in project concerning discharge
from two abandoned mines. One mine has low Ph and other high Ph
and contain aluninun. Interaction has caused an Al precipitation

Action Required believed to be AlOH3 causing flocculation in the creek bed.
This, in turn, is causing fish kill. The mines claim the
same watershed. One errpties directly into the main creek
and the other into a tribu~J of the main creek. Data has
been gathered for 1 1/2 years and is available to EPA. There
is to be a court ~:;uit against the mine owners Aug/sept.

Comments:

Persons Contacted:

Name Pat W:Od--------------



Tennessee

State of Tennessee

C-76

-
, 569.1.1

Date 8/19/82

File No.

Name _

Tenn. State water Quality Company _
Control Board

615-741-6636 Phone ------------
Company

Name Cliff Bole

Phone

FILE MEMO

No new changes that he is aware of but referred m= to:

1. 615-546-4783
Director - Arthur fbpe
Div. of Surface & Mines
Dept. of COnservation

2. MESA (Mining Enforoenent Safety Assoc.)
Max Condra (615) 942-3389

Action ReguiredFrank Durbin (615) 424-9439

8/23 Frank Durbin - No longer with MESA
Max Condra will return call on Thursday 8/26/82.

N Pat voodame _

Comments:

Time _

Subject __Mi_·_ne_se_a_1_ing....:.._-_New__inf__o_s_i_n_ce__lO..;./_8_0_an_d_C'O_nf_l._·Dnl._'_n.:,g_o_l_d_i_nf_o_.__

Persons Contacted:



Illinois

C-77

.Subject __Po_st_Mine_'__D_r_aJ._'_nag..,;;"e_Co_n_tro_l_--.Co_nf_irma__ti_·_o_n_o_f_O_c_t-.,_l_9_8_0_in£_o_,__

State of Illinois

steve Jenk.usky for SlE Massie

Date __....;8/_l_9.;.../_82 _

File No. 5~6""'9...,..o=l:.&.,.1 _

Company _

Phone _

Name

Pat WJod

8/19 Will return call.

Minir!9' Land Reclamation
councii

Phone 2::;;:.;1:.;7_-.:..78;::;,:2;.-..;;:;0.::.;58;:;,;8~ .-.:..

Company

Name . sue ;Mass;e, pjrec1;or .

FILE MEMO

Persons Contacted:

Time _

Name --------------

Comments:

8/23 Will return call. .

8/23 Mr~ Jenkusky inferned Ire that the state of Illinois has sealed 40-50
mine openings since 1977 Act. The goal was to protect hunans rather
than other reasons for sealing. sealing techniques used are capping
and filling for shaft mines. Ibwever, capping has been found to be
ineffective sonewhat due to settling Qf the concrete which causes cracks

Action Required and holes, If surface area is on a drift, the opening is
filled and then covered with a ooncrete cap. For sloped
surfaces, filling has been found to be effective. To date,
there is one drift opening with drainage .COnsequmUy,
a drain pipe was installed because drainage was not acidic,
M:>nitoring has not been done but will start next year. For
tedmical info, call Mr. Jenkusky. He is also interested in
any doc:tmants available in our files.



west Virginia

Company W.Va. Dept. Natural Resouroetompany _

Dry seal - plug up to maintain H20

wet seal - pipe to outside to drain H20

Date _--.;,8/:-;2;;,;;O~/..;;8;;;.2 _

File No. 569.1.1

Phone _

Name ~_

C-78

Dept. of Mines in Charleston, W.Va. may have nore
info. 348-2051.

Regulated only in last two years.

Abandoned mines are. tronitored ocx::assionally by Abancbned Mine 01vision.
Drain to high quality stream is the only time nonitoring is done by DNR.

Phone __30_4_-..:.6_36.;..-_l_7_67 ~

Name __.J;:.e=s::s::i;.:e;..Craler.;;:;.;=:=... _

Action Required

FILE MEMO

Name __;;;..pa~t~w:od:.::.:..::... _

Time _

Subject __Mi.ne~';::=.-=s~e~al:::i~ng~~and~~dr=aJ.na;:·~qc;e:....::::oo~n~tr==·~o:.:lr.1 _

State of west Virginia

Comments:

Persons Contacted:
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west Virw-nia

1. Tear d::Jwn unused surface structure.
2. seal mine openings.

All rronitoring of H20 quality is done by DNR. Request data availability
from DNR.

8/20/82

569.1.1File No. ----------

Company _

Phone -------------

Name _

Approx. rrcre than 1000 openings sealed
(not mines) may be 12-15 openings/mine.
Reclamation lbnd - reclamation on outside.

Controls Sealing of Mines

Phone 304-348-2051

Sealing Types:

1. Cinderblock. with pipe
2. Back seal - 20 ft. long pipe (backfilled) 15 ft.

Shaft mines = cap off or fill a:mpletely with dirt or spoil.

No failures to his knowledge.

Name Mr. Jordan, Dept. of Mines

Company Charleston, W.Va.

FILE MEMO

Persons Contacted:

Time _

Comments:

Subject Mine sealing & Drainage Control

State of W. Va.

Action Required

N Pat W:x>dame _
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_~tucky

Date __8;.../2..;.;0;.:../..;;.82 _

File No. __5_6_9•.;..1..;;•...;1 _

CoIIpany _

Naae _-:.Mr=..:.._Turner;;.;:;;;~=_ _

Phone --:4:.:::;3.:.7-...,;:9~6:.=1~6 _

Company J(ent~t. of Mines
ana

Phone 606-254-0367

Name __Nancy_-=-_'l'oa1tJs _

confinnation of 1980 info.

State of I<'entucky

FILE MEMO

For shaft mines, soil filling techniques is normally used.
Slope - soil filling and the CX)ncrete slab for applying.

Time _

Persons Contacted:

:Kentucky is divided into three mining districts for· MSHA \VOrk. Therefore,
Mr. Turner is rot aware of # of mines sealed. Office of Surface Mines do H

2
0

quailty data and State H20 Control Board does cr::. \VO:tK.

COUDllents:

8/20/82 Will return call

8/20/82 MSHA

SUggested I call Local~ (233~2677 - 437-9616)

8/23 Mr. Clyde Turner

Use t\«) techniques:
1. fill openings with seal (earth)

A ti R ui 2. ooncrete stopper at the entrancec on eq rea

Pat wJodName _



Persons Contacted:

Refer to 703-523-2925, Div. of Mine, Land, Reclanation.

C-81

File No. 5_6_9 1__1 _

Date _....;8/;...2_0~/_82 _

Phone -------------

Pat Vb:ld

Mr. Wheatley is not aw~ of any new changes in the state program_
He thinks that the Division of Mine, Land, Reclanation section rrcnitors
~o. fran mine drainage. Controls mines with area greater than 2 acres.

State of Virginia

Virginia

Phone __7_0_3_-_5_2_3-_0_3_3_5 ....

Name Mr. Louis M'leatley Name _

Va. Dept. of Labor & IndusUy
Company DiVision of Mines & Quarries Company _

Time _

Name
--;;.;;;.;;;....;,,;,;;,,;;;~--------

FILE MEMO

Subject __C_:oa.;..al__Min_·_es_-_Po_s_t_D...;r.;.;al._·_na.....:=;g_e_CO__n_tro...;..._l _

Comments:

Action Required



N Pat WOOdame _

EPA Region IIi

FILE MEMO

Date 8/20/82

Time rile No. _5_69_~_.l_._1 _

Subject _--.;Pos;;..,;;,;;;;.;;t;..Mi.ne;;.;;;;;·;.;;.;;.._Dr~cunage;;;;;·~:.;;...Co,;;",;;";n,;;";tro~~l..;in~.;;EP.;,;;,;t\;,;",,;Reg~_i~on;.;.,,,,;I;;;I;;;I;,,...... _

Persons Contacted:

Name Kathy lbdgekiss Name -------------
Company EPA Region III - Enforoerrent Company -----------
Phone 215-597-9023 Phone ------------

Comments:

8/20 - no answer

8/23 - no answer

8/23 - Kathy will return call. Will be on Travel thru Tuasday 8/24/82.

Action Required
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FILE HISTORIES OF SIX CLOSED PENN. COAL MINES
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Detailed files of the following mines are contained in the rulemaking record
for this regulation:

1. Barnes &Tucker Co.
567M035 and 567M028 (same mlne - two permits)

2. Margaret 17 Mine
366M006

3. Wildwood Mine
466M011

4. JVN Mine
367M034

5. Carrolltown No.2 Mine
566M006

6. North Camp No.1 Mine
266M032

The record is available in EPA1s Public Information Reference Unit, Room
2004, 401 MStreet, S.W., WaShington, D.C. 20460.
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1257440 ID NO. E1820S037440

SEALING AN UNDERGROUND DEEP MINE IN PENNSYIJlANIA.

Beck, Laurance A.
Pa Mines Corp., Ebensburg, Pa. •
8egg Pgp - AM Min Congr Coal Conv, St. louis, t-b, Mag 10-13 1981 Pm1 bg

Am Min Congr, washington, OC, USA, 1981 17 P
This paper describes the methods used at the oneida Mine by Pennsylvania

Mines Corp:>ration to neetsealing regulations in Pennsylvania. 7 refs.
DESCRIPTORS: (*COAL MINES AND MINING, *Permsy1vania),
CARD ALERI': 503

18/5/55

827159 ID NO. - E1780427159

PREDrcrlON OF THE DRAINAGE cnN1'ROL BY MINE SEALIN3 $EM DASH$ 2. SlUDIES
ON THE TECHNIQUE ro PREVENT THE MINING POUDrION AT A crDSED MINE.

Oks, Yukitoshi; Terada, Makoto; Kuroda, Kazoo; Komukaenori, KaZ\D;
Nakano, Koji; Katasiri, MaIdo; Hakari, Nobuo .

J Min Metall Inst Jpn v 93 nl075 sep 1977 P 603-608 mDEN: NIKKA9
AT the lbrobetsu Sulphur Mine, a closed mine in Ibkkaioo, Japan, strongly

acid mine water oontinues to flow out fran the underground at the rate of
4-7 cu rn,Irnin. The treabnent of acid mine water has been carried out by the
l~neutralizationrrethod since the closing of the mine. Recently,
however, the lack of roan for dunping the sludge produced in waste water
treatrrent has beoorre an urgent problem. Therefore, the authors have
considered the sealing of the mine to reduce drainage. This article
describes the hydrological curves ronducted for this purpose, and the
prediction of the effect of sealing on mine drainage. 4 refs. In Japanese
with English abstract.

DESCRIP'IORS: (*MINES AND MININ3, *Drainage), (SlJIRJR DEPOSITS, Japan),
(WA.TER TREA'lMENT, INDUSTRIAL, Japan),
IDENI'IFIERS: SUIFUR' MINES AND MININ3
CARD ALERT: 502, 505, 452, 445
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133354 W79-03247
Inactive and Abandoned Undergrourrl Mines. W:iter Pollution Prevention and Control.
Scott, R. L.; Hays, R. M.
Baker (Michael), Jr., Inc., Beaver, PA.
Available from the National Technical Infonnation service, Springfield, VA 22161
as PB-258 263, Price Codes: A14 in paper copy, ADI in microfiche, Rep::>rt No. EPA-440/9-75-007 ,
June 1975. 293 p, 54 fig, 14 tab, 132 ref. 68-01-2907.
Journal Announce.rrent: SmAl207
The chemistry and geographic extent of mine drainage pollution in the u.s. fran inactive
and abandoned undergroillld mines is discussed; underground mining rrethods are sw:veyed. Mine
drainage control technology, largely developed in eastern U.s. coal fields arrl not always
applicable to other regions and other mineral mining, are classified into two main categories:
(1) at-source and (2) treabnent. At-source mine drainage pollution prevention and control
techniques are evaluated and described according to the follCMing classifications: water
infiltration control; mine sealing; mining techniques; 'Water handling; and discharge quality
controL Appropriate cost data is related, examples technique inplerrentation are given. A
surnnary of the mineral cx::mrodities mined in the u.s. includes location and the environrrental
effects associated with mining than. An extensive bibliography is provided. (Davison-IPA).

Descriptors: *Water p::>llution control; *Mine drainage; *Underground. structures i *Acid
mine wateri water quality control; Pollution abatement; ~1ater IXJllution sourcesi Costs; Mineral
industry; Mine wastes; Mine water; Metals; Nol1ltetals; Coal; Thorian; Uranian.

Section Heading Codes: 50 (Water Quality Managerrent and Protection - Water Quality Control);
50 (Water Quality Managerrent and Protection - Waste Treatment Processes).






