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FOR DISCUSSION PURPOSES ONLY MRAB
INTRODUCTION

The Department dEnvironmental Protectiofthe Department)ssues permitas authorized by
various State laws and regulatidos anthracite and bituminous coal mining activitiasd
noncoal (industrial mineral) mining activitietn addition to miningthe Department gies
permits for each operatiothatinvolvea broad range of program arga€luding air quality

water quality and solid waste managemeiithe permit process allows for input from the public
local municipalitiesand other state and federal agenciBise permit application procedure
provides the necessary information for the Department to make a permitting decision.

This guidance document provides assistance in the tiaasirface mining permit applications
involve engineeringsuch as the Erosion and Sediment Control Rlater treatment planthe

air pollution control planstream encroachmentsetlands haul roadsculverts effluent
requirementsspecial protection atershedsand areas where mining is restrictéhile the

permit applications for each type of mining activity are specific as to what information is
required this guidance document explains acceptable design methods and suitable variations
This guidance document is intended for the use of mine opetatonsultantsand Department
staff.

District Mining Operations offices are locateddbensburg (Cambria Counfy§nox (Clarion
County) Moshannor(Centre County)New Stanton (Westmoreland Coungy)dPottsville
(Schuylkill County) The District Mining Operations offices @ambria Knox, Moshannonand
New Stantorhandle bituminous coal surface mining activitisd noncoal (industrial
mineralgsurface and undground mining activities The Pottsville District Mining Office
handles all anthracitoalmining activitiesandall industrial minerals operations in eastern
Pennsylvania

The Bureau of Mining Prograng€entral Office)ocated inHarrisburg(Dauphin County)

provides support to the District Mining Offices with the interpretation of mining regulations and
policy. The Bureau of Mine Safetg responsible for the health and safety program for
underground mineandhas offices ifNew StantorandPottsville

This manual is intended fwovideguidanceo applicantgreparingsurfacepermit applications

as well azo Department personnel who reviéve permit applications This manual is not
intended to coveall circumstances angltuations thmay arise in the preparation of a permit
application and design of various structuassociated with surface mining operaticrsd in no
way isintended tacreatebinding legal requirementsTheselegal requirements are set forth in

the variousstatutes and Department regulatiofi$iis manual may assist the Department and the
regulated community in implementing and satisfying those requirem@eferences to
regulations in the manual are for the convenience afethéer ananay not be a comphensive

list of all applicable requirements.

This manualvasdeveloped from statuteegulationsandaccepted practisen theengineering
field andthemining industry Selected sections from the followilgepartment manuals
technicalguidancefiChaper 102 Erosion and Sediment Pollution Control Progrsianuab
(363-2134008), the PA Stormwater BeslanagemenPracticesthe Water Quality
Antidegradation Implementation Guidanead the Land Application of Treated Wastewater
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Manual may also beonsultel when completing miningpplications These guidelines are
availablefrom theDepartmeris main website.

11

Acronyms

AASHTO
ABACT
ALD
AMD
BAT
BMP
CWA

E&S

ELG

EPA

EV

GPS

HQ

LA

LB

MRB
MSHA
MUSLE
NOAA
Noncoal SMCRA
NPDES
NSSGA
NRCS
O&M Plan
PA SMCRA
PASPGP
PennDOT
PENTOX

PFBC
PFDA
PGC
PLAP
PMS
RLB
RPA
RUSLE
SEJ
SMCRA
TMDL
TSF
TSS

American Association of State Highway and Transportation
AntidegradatiorBest Available Combination of Technologies
Anoxic Limestone Drain(s)

Acid Mine Drainage

Best Available Technology

Best Management Practices

Clean Water Act (also known as the Federal Water Pollution
Control Act)

Erosion and Sediméation

Effluent Limit Guidelines

Environmental Protection Agency

Exceptional Value Watersr Wetlands

Global Positioning System

High Quality Water®r Wetlands

Load Allocation

Limestone Bed(s)

Manganese Removal Bed(s)

Federal Mine Safety and Health Administration

Modified Universal Soil Loss Equation

National Oceanic and Atmospheric Administration

Noncoal Surface Mining Conservation and Reclamation Act
National Pollutant Discharge Eliminah System

National Stone, Sand and Gravel Association

Natural ResoursConservation Service

Operation and Maintenance Plan

Pennsylvania Surface Mining Conservation and Reclamation Act
Pennsylvania Staterogrammatic General Permit
Pennsylvania Department of Transportation

Pennsylvania Single Wasteload Allocation Program for Toxics and
Other Substances

Pennsylvania Fish and Boat Commission

Precipitation Frequency Data Server

Pennsylvania Game Commission

Pennsylvania Laboratory Accreditation Program

Planned Maintenance System(s)

Ramped Limestone Bed(s)

Reasonable Potential Analysis

Revised Universal Soil Loss Equation

Social or Economic Justification

Federal Surface Mining Conservation and Reclamation Act
Total Maximum Daily Load

Trout Stocked Fisheries

Total Suspended Solids
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uiC Underground Injection Control Permit
USACE United States Army Corps of Engineers
USGS United Statesseological Survey

USLE Universal Soil Loss Equation

VFP Vertical Flow Pond(s)

WLA Waste Load Allocations

WQAIG Water QualityAntidegradatiorimplementation
WQBELs Water Quality Based Effluent Limits

WWF Warm Water Fisheries
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EROSION AND SEDIMENTATION CONTROL

Many of the practices described in this sectiway differ from practices described in the
Departments Chapted02 manual. Both the surface coal mining regulatio2$ &a.Code
§87.112(b) and nowoal regulations & 77.531 refer to twalifferent standards relative to

erosion and sedimentation controls, specifically Chai@2rand the Soil Conversation Service
Engineering Standard N850. Title 25Pa.Code§ 87.108(d) an@ 77.569 set the requirements

of Chapterl02 as the minimum stdard. Recognizing that surface mines tend to have longer
lifespans and large areas of exposed soils, aympeopriatestandardspecific to mining

activitiesare frequently warranted. Because of the need for uniformity in mining permit
applicatonsandt make t he Departmentds requirement c
developed as a guide for erosion and sedimentation controls on mining operations. It does not
apply to other activities requiring a Chapi®2 permit such as land development and
construction activities.

In surface mining, water generated erosion is the most severe type of erosion (as opposed to
wind, ice and gravity) acting on large areas of soil, subsoil, and overburden exposed during

mining activities. Water erosion is a pess in which raindrops and flowing water acti&dach

soil particles or materials and transport therross the surface of the land@/ater erosion is the

type of erosion that 1s the focus of this ma
remainekr of this manual.

Undisturbed soils resist erosion in several ways

1 Vegetation serves to protect thedanom thephysicalimpact of raindrops
1 Root development forms an interwoven msdt prevents soil particles from moving
1 Clay particles and organic matter exhibit cohe$orees which hold larger

nortcohesivesilt- and sanesized particles together to form soil aggregates.
1 Largerparticles and aggregates are more resistant to erosion due to their size and weight.
Undisturbed soils typically exhibit higher infiltration rates than compacted. sdiiereforgthe
amount of runoff per unit area will be less for undisturbeits than for compacted sails
Mining activitieshavea significant impact on reducing soil aggregatand soil structure and
increase the potential for erosion.

2.1  Different Types of Erosion

Undisturbed and disturbed watersheds can experamcer all of the followingypes of
erosion

i Raindrop Erosim
1 SheetEroson

i Rill Erosion
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Gully Erosion
ChannelErasion
Raindrop Erosion

Erosion from rainfall begins when raindrops impact the grodistbdge soil
particles and splash them into the .aifhe splashed particles may reach a height
of 3.0feet and cover a radius of as much asféed. Gray(1982) reported

raindrop velocities of approximately 2(hlles per hour during cloudbursts.
Mulching the area prone to erosion helps to absairtwirop impacenergy and is
very effective in protecting the soil (Beasley etl#l84).

Sheet Erosion

Sheet erosionccurswhen runoff manifests as a thin sheet of flowing walfiéris
occurs over uniforty sloped areas and is discernible only upon close
examination Surface Irregularities typically reduce effective distance of sheet
erosion to less than 36et before flow becomes concentrat&heet erosion
transports the soil particles detached due to the impact of rainfall

Sheet erosion decreases over time as the smaller partictesnsmortechway;

leaving a coarsemore eosion resistant soilThis process of erosion of the finer
soil particles is referred to asmoring Sheet erosion cadve greatly reduced
through expeditious establishment of vegetatoynseedingandimmediately
mulching Highly erodible soils may mguire erosion control blanketing in

addition to seeding and mulching to prevent sheet erosion until the vegetation is
established Soils that are highly erodihlen steep slopesr in environmentally
sensitive areas may require temporary soil bindirentsy Sheet erosiarthough

less visible than other types of erosimthe dominant erosion process that takes
place earlyon a reclaimednine site

Rill Erosion

Rill erosionoccurs as runoff concentrates in small channels anshéering force
of flowing water detaches additional soil particl&ll erosion is characterized
by uniform spacing of eroded paral@annelgor rills) thatare discernibléoth
close up and at a distanck is most noticeable on banmecentlygraded or newly
seededoils Rills can be removed with normagricultural tillage equipment and
controlled by the establishment of soil cquseding parallel to the contours
adequate mulchingiseof erosion control blanketingise of soibinders and
proper spacingf terrace®r benches The use oferraces and benchesduces

the steepeslopelengths in theverland flow path for runoff.
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Gully Erosion

As the small rivuletapparentn rill erosion combine to form larger changehe
erosive force of the wat@mcreasesand gully erosion occursGully erosion
leaves deeplefined channels that cannot be removed by agricultural tillage
equipment These channelsill continue togrow togreater depths until an
erosionresistant layer is encountered in the backfill or natural soil hari@anly
erosion can be controlled by the design and construction of adetiuetson
channelsabove theaffectedarea tadivertrunoff on steepetanbe controlledby
the regradingreseedingnd blanketingf erosiori proneareas

Whenpreviously regraded and plantgdstmining landis affected byrill or gully
erosion theerosional feature(shust be filled gradedor otherwise stabilized and
the aeareseededr replanted The regrading or stabilization of a rill or gully
shouldbe completed by the first normal period for favoraeeeding or
replanting. A rill or gully contributing to impacts outside the permit ai@aa rill
or gully occurring after removal of erosion and sediment coBest
Management PracticéBMPs) shouldbe stabilized immediately.

Channel Erosion

The last level of erosion is channel erosiwhich occursvhen gully erosion
progressesto channel erosianPreviously stable streams that have adapted to a
particular peak ratend volumeof runoff can become unstable as the prevailing
peak rateand/or volumeof runoff increases in reaction to changesunoff
amountswithin the upstreanwvatershed This instability is due to inadequate
hydraulic capacity for the increased volume of runoff generated and inadequate
bed and bank linings for the higher velocities encountefée size and quantity

of material that can be eroded and trantgabincreasgas the velocity and

volume of runoff increase.

Channel erosion is reduced by decreasing the volume and peak rate of runoff
leaving a site This can be achieved lpyeserving existing flow paths and
vegetative cover were ever possjteximzing use of evapotranspiration in
postmining conditionsminimizing soil compactiofimproving soil cover
reducing slope lengthenergydissipationand increasing the time of
concentration oretention ofthe water leaving the site

Gully and channel erosion can have a significant impact for many years after
reclamation has beamompleted On the other handhe primary impact of sheet
and rill erosion is through significant contributions of sedimematiamediately
after reclamation.

Regulations

The statutory authority for erosion and sediment congélated to miningactivities
includethe Pennsylvania Clean Streams |_#ve federal Surface Miningortrol and
Reclamation Act (SMCRA)YhePennswania Surface Mining Conservation and
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Reclamation ActRPA SMCRA) and the Pennsylvania Noncoal Surface Mining
Conservation and Reclamation Abtoncoal SMCRA) The regulatory requirements for
erosion and sedimerglated itemare contained i25 Pa.CodeChapter77 (Noncoal
Mining); Chapter86 (Surface and Underground Coal MininGenera); Chapter87
(SurfaceMining of Coal); andChapter88 (AnthraciteCoal Mining).

The Departmerdlso administerdie Chaptefl02 erosion control regulationsith which
Chapters/7, 8688 require complianceThe Departmerdt sLibrarycontainstechnical
guidancedocumentiiChapterl02 Erosion and Sediment Pollution Control Program
Manuab (3632134008), that explains in detail many of the erosion and sediment
control measures discussed in this manidiais manual cites, here appropriate
sections of the Erosion and Sediment Pollution Control Manual

Another usefutesourcas the Natural Resource Conservation Serviée (NRCYS)
eDirectiveswebsite, which covers many areas of erosamu sediment control design
including estimating runofhydraulics soils, grassed waterwaydiversions culverts and
impoundments Thewebsite can be found ahittp://directives.sc.egov.usda.gov/

EnterfiEngineering Field Manuain the search bofor the most recent version

Departmenmmining regulatons referencBlRCSPractice $andardsSediment Basi350
and PondB78andtheseapply to allmining-relatederosion and sedimentation and
treatment impoundmentsSediment Basi850 applies to temporary erosion and
sedimentation basins whosepected life is fivgzears or lessThese two publications are
part of the NRC& PA Field Office Technical Guide.

Title 25 Pa.CodeChapter77 (Noncoal Mining references both Chapt&02 andits
accompanyingerosion and Sediment Control Manual anel NRCSs Sediment
Basin350. Noncoalmining regulations coveactivities such asamd and gravel
bluestonerock pits for oil and gas operatigrsndstoneand limestone miningEach
type of mining has accepted types of controls associated widimjing from sediment
trapsfor internally drained sand and gravel operatitmngversized sediment basins with
nontdischarge alternativder hard rock mining on special protection watershese
Departmentecommendthat a preapplicationshould be filed for eachoncoalmine to
discusgheErosion and Sedimeation Control Plan E&SCP) controls before the formal
application is filed.

2.2.1 Sediment Pollution

Sediment pollution is the placemedischarge or other introduction sdil
paticlesinto the waters of the CommonwealtBediment pollution occurs as a
result of either failing to desigoonstructimplement or maintain control
measures and control facilities in accordance with the Depadregulations
or causing the moveemt of soil particles in mmanner that is harmfutletrimenta|
or injurious to the designated uses of the waters of the Commonwealth.

Sediment that is deposited on stream bottoms is detrimental stré¢hads
micro-invertebratesandi n v e r t eimuaitieg Faricles that remain
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suspended are often angular and will cut and abrade gill structures, oifising
disease and mortalitySediment from earth disturbance activitigsch as mining
operationsfrequently containigh clay content Theclay-sizedparticles are
difficult to settle out and can result in higher stream turbiditigh turbidity can
present problems for water withdrawn for a public water supply.

Whenthe velocity of water transporting sediment falls betbes point necessary

to hold the material in suspensjdhe sediment begins to be depositétie

particles drop out in order of sizéirst grave| then sangthen silt and finally the
smaller claysized particles Particles that settle to the bottmha stream

effectively fill the voids in the substrate acan smother macroinvertebrate
communities The cumulative effect of mining operations in a watershed can

result in a significant increase in the sediment load and the potential destruction of
downstreamaquatic habitat.

Erosion and Sedimentation Control Plan(E&SCP) (25 Pa.Code 8 77.525, 87.70,
87.106, 88.50, 89.21, 90.37, 90.106, 102.4)

An Erosion and &imentatiorControl Plan (E&SCP)is required as part of the mining
permitapplication The proposed sediment control measures for mining and reclamation
must meet th®epartmentequirements The E&SCPserves as the operafeblueprint

for installing sediment control measurashe permit applicationlt is the means to
denonstrate the adequacy of sediment control measures that will be implemenéed.
E&SCPmust cover all areas to be disturbed by the mining operation within the proposed
permit area during all stages of mining and reclamatieurther, he reclamation is
successfulvhenrevegetatiorpermanentlystabilizesthe area againsiccelerate@rosion

TheE&SCPshould address the erosion and sediment control measures that will be used
from the time ofinitial disturbance of the area until successful revegetaiachieved

All areas that will be disturbed or affected by the operatiatuding haul roadsstorage
areas and support areasust be part of the plan.

The E&SCPmustmeet the requirements 86 Pa.Code8§ 102.4, and should include
information such athe type depth slope, locations, limitationgndarealextent of the

soils found in the permit ared@’heregulations also requitbe E&SCP provide BMPs to
minimize the potential for accelerated erosion sedimentation and to manage

stormwater after mining is conclude8ection102.2 requires that tH&MPs utilized

must protect, maintain, reclaim and restore water quality and the existing and designated
uses of waters of the Commonwealth.

Soil information can be foundn the NRCS website
http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx

Thesoil reports are a source of information that can be used to detesailipeopeties
TheE&SCPmust contain a narrative describing the implementation of the ¢é¢ailed
design and construction plard specifications for each structure or facility used in the
plan.
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For mining activitiesthedesign of th&e&SCPmust be prepared bgr under the direct
supervision of a qualified professional engineer or qualified land survegstered
under the Pennsylvania State Registration Board for Professional Englreeets
Surveyors and Geologists.

TheE&SCPmust notresult in an adverse effect on downstream culverts and drainage
channels This is especially important if the erosion and sedimentation control facilities
will divert drainage from onsubwatershedrea toanotheycausng existing culverts or
channelsd be overloadedlt is also important to document the condition and capacity of
the existing drainage system before affecting a site so that it can be established after
reclamation that mining did not have an adverse effect.

For any revisions to the orital E&SCP, the revised pages of the mine permit
application including the narrativanust indicate the page number and date of revision
If revisions extend beyond limitations of the original palye revision should bear the
original page number an@guential letter of the alphabet.

Control Measures That Reduce Erosion and Sedimentatio(25 Pa.Code 8 77.525,
87.70, 87.106, 88.50, 89.21, 90.37, 90.106, 102.4)

Erosion control practices are designed to prevent the detachment of soil particles
whereas sediment control practices are used to prevent the detached particles from
leaving the site and entering the receiving waterw&yssion and sedimentation can be
controlled at a mining operation by proper planning and the use of erosion and
sedimetation controls Those relevant to miningctivitiesinclude the following:

24.1 Limiting Exposed Area

The affectednineral removaareashould be limitedo what is needed in the near
future Expose the area for the shortest period of tiBackfilling must be
concurrent with miningand the topsoil must be redistributed and seeded during
the first favorable planting seasoAll these practicedesides reducing erosion

and sedimentatignvill reduce the amount gfit water to be pumped anckated

limit the amount of bond on the site and allow for a quicker release of the posted
bond(s).

24.2 SurfaceWater Diversion
All surface water should be diverted away from the active mining dieia
typically means an upslope diversicmannelwhich will outlet away from the
mining area in a saf@aon-erosivemanner

24.3 VelocityControl
Designingchanneldor the lowest possible velocity is an important method of
reducing erosionAll channelsaand watercourses shall be desigaad stabilized

to withstand anticipated flow velocities attdconveypeakflows without
deterioration of the channeChannelspond inletsand outletshall be armored
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with properly sized rock Table2.1: QuarriedStonefor Erosion and Sediment

ControfNational StoneSand and Gravel AssociatigNSSGA)can be used to
select the appropriate size riprap.
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Table 2.1: Quarried Stone for Erosion and Sediment Control/
National Stone, Sand and GraveAssociatior®

Quarried Stone for Erosion and Sediment Control

Graded Rip-Rap Stone

Size inches (square opening) Wave Height® | Velocity® Filter Stone
NSSGANo. | Max. Avg.®d | Min® feet feettsec | NSSGASize No.
R-1 1% Y No. 8 - 2.5 FS1
R-2 3 1% 1 0.3 4.5 FS1
R-3 5 3 2 0.5 6.5 FS2
R-4 12 6 3 1.0 9.0 FS2
R-5 18 9 5 15 11.5 FS2
R-6 24 12 7 2.0 13.0 FS3
R-7 30 15 12 2.5 14.0 FS3
R-8 48 24 15 4.0 - FS3

Armor Stone®

Wt. in Short Tons
NSSGANo. | Max. Avg.) | Min®@ | Wave Height feet)® Filter Stone
A-1 4.0 3.0 2.0 8.0 See Supplemental
A-2 6.0 4.5 3.0 10.0 Engineering Notes.
A-3 8.0 6.5 5.0 12.0
(*) one or more under layers mhg required in addition to filter stone
Filter Stone
Size inches (square opening)
NSSGANOo. Max. Avg. Min .2
FS1 3/8 No. 30 No. 100
FS2 2.0 No. 4 No. 100
FS3 6% 2.5 No. 16

Notes:

(1) RAverage sizeis that size exceeded by at leastpgdcenof the total weight of the tonnage shipped,;
i.e., 50 percent of the tonnage shall consist of pieces larger thdiatkeeagé size (normally 1/2he
specified nominal tofmaximumsize).

(2) Pieces smaller than the minimum size shown shall not exceeerd&niof the tonnage shipped.

(3) Wave Height is the vertical distance from wave crest to wave troligh wave height given in the
table is the average height of the @hid highest waves in the incident wave train.

(4) The stream velocity is the ity at midstream or at a point f@et from the bankwvhichever is
closest to the bank.

(5) The Tableassumes stone dry density of 1funds per doic feet.

(6) The stone industry generally is unable to produce economically armor stone in siztetéfieet
wave height categoryThereforethe reader should useSSGANo. A-1.

Flow velocities in watercourses leaving the completed mining area shall be less

than those calculated to initiate or accelerate erosion or scour withecgieing
watercourses.
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Permanenttabilizatian

All slopes watercourser disturbed areashouldbe permanently stabilized as
soon as possible after mining has been compléefads requires concurrent
backfilling, placement of top sqind plaating and mulching.

TemporaryStabilization

Until a disturbed area is permanently stabilizbé erosion and sediment
pollution control measures and control facilitg®uldbe maintainedor interim
stabilization measureshouldbe installedto minimize accelerated erosion and
prevent sediment pollution.

Collectionof Runoff

Runoff from an earth disturbance asteuldbe conveyed to control measures or
control facilities for remwal of sediment.

SedimenPollution Control

Runoff from the earth disturbance asdeuldpass through a control measure or
control facility, including, but not limited tg sediment basinsediment traps
filter areas and onsite erosion contrimlgrevent sediment pollution

Perimeter Controls

Erosion and sediment contraBouldbe installed along the perimeter to prevent
the sediment from leaving the sit€hesecontrolsshouldbe installed befre
disturbing the areand thecontrolsshouldbe maintained to ensure that they
function properly.

2.4.10 Infiltration

The process dfiandling soils byemovingthetopsoil and subsoilsheir storage

for long periodsand replamg themon a site for revegetation has an impact on
the infiltration capacityhesoil. Water and air infiltrate soils through void spaces
presentithin the soil Compaction othesoil by repeated passage of heavy
equipment reduces the void spaces and de@dlaseamount of water and air that
can infiltrate into the sail

The degree of compaction of a reclaimed soil is controlled by the water content of
the soil when it is handled and by the ground pressure and number of passes of the
equipment used in remawg and replacing the topso¥When a high level of

compaction is necessawyater is added to the soils to bring the moisture content

up tofloptimum moisturewhich adds cohesiveness to the soilse natural

moisture content of stockpiled soil changasd when replaced and regrageals

a significant impact on the density and compaction of the reclaimedTsoil
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avoid excessive compactiogsoil should not be handled during or immediately

after wet periods Care should be taken to minimize the repeptessage of
equipment over the soil during the soil removal and replacement operalioas

use of wide track dozereather thar(scrapers)to remove and replace soil will
generally result in less compaction of the .s@ihe use of such equipment is
necessary when prime farmland soils or other high productivity soils are involved.

In order to allow air and water to reach the b voids within a soil must be
interconnectedNot all void spaces within a soil are effective in allowing air and
waterto infiltrate the soil These interconnected voids are the result of decaying
plant matterearthwormsinsect animals (molesmice, voles etc.) frost action

and weathering of the soil over tim€ompaction destroys the interconnected
voids. While cultivation practicessuch as plowing or discingan increase the
voids in a soilthe effective or interconnected voids will need time to reestablish.

Equipment used to move the sbdvea significant effect on compactiomn

generalthe phystal removal of the soil by loaders and trucks is less likely to

cause compaction than the use of pans (scrapBuidozers used for topsoll

handling also cause less compaction than scrapers due to a lighter loading per unit
area for bulldozers than farheeled equipmentMaintaining the soil voids will

increase the infiltration capacityrhis is importansincea decrease in infiltration

will increase the amount of runoff and accelerate erosion and sedimentation
problems.

Infiltration capacity variedy soil type across the statBermeability rates are
listed for each soibnthe Natiral Resource Conservation Service (NRCS)
website http://websoilsurvey.nrcs.usda.gov/app/WeibSurvey.aspx

Hydrology

Hydrology is utilized to determine expected peak discharges and runoff volumes for
different frequency storm event¥his information is required to desigiannels
impoundmentsstream relocation®r stream crossings.

The NRCS has developed procedures for determining both the volume of runoff and peak
rates of runoff for small watersheds across the United StatessNRCS hydrology

methods are easy to apply and are the most common hydrologydsieted on mining

permit applications These methods are based on anticipated rainfall amounts for various
frequency 24hour rainfall events and data collected fofelént soils and types of cover
whichis represented as a curve numb&rsimplified procedure is found in Chapterof

the NRCSs Engineering Field ManualA slightly more involved procedure is utilized in

the NRCS Urban Hydrology for Small Watershed®chnical Release N&5

(Juné1986) The publications differ only in the assumptiarsed in obtaining the time

of concentration

Many software programs availaldan beused to calculate peak discharges and runoff

volumes Theresults obtained from these programs should closely agree with the values
obtained by using the NRCS methods.
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The majority of all of the Departméstrequirements are based ontdur rainfall

events The Bureau of District Mining Operations accepts and recommends the use of
the NRCS hydrology methods for permit applicatioiife 24hour rainfall totals for
various rainfall events can be fouatiNOAAG National Weather Service
Hydrometeorological Design Studjd¥recipitation Frequency Data Server (PFDA)
(http://hdsc.nws.noaa.gov/hdsc/pid€oal miningoperdions should us&itle 25,

§87.103and §88.93 fiPrecipitation Event Exemptiarior a 10year,24-hour storm

event

Channels

2.6.1 Upslope and Highwall Diversio@hannelq25 Pa.Code88 77.524 87.105

26.2

88.95 102.12)

Surface water anshallow groundwater from upslope undisturbed areas that

would drain across the mining area into the affected area must be intercepted and
directed away from the disturbed ar&ais is done by the use of upslope
diversionchannels Upslope diversiomhamelsnot only minimize the amount of
water that contributes to the erosion and sedimentation pracgsgso minimize

the amount of water that must be routed to a sedimentation pond or other controls
Highwall diversionchannelshould be constructed mrediately above all
highwallswhere practicalo minimize the volume of water that could be
contaminated in the pit and would need to be pumped to the treatment facilities

Any water collected in a diversiarhannels to be considerefleard and must
beprotected against any runoff from affectdsturbed areasAll such channels
must outlet via a stable structure to a natdrainageway

DiversionChannelDesign Considerations

The diversiorchannekhould be located as close as possibke upslope
boundary othe disturbed area and extesmvnslope fothe entire length of the
disturbed areaThe diversiorchanneimust provide positive drainage over the
entire length of the disturbed aread the odtow from the diversion must be
discharged in a manner that will not cause erosi@inersionchannelghat exit
above previously mined areas should be continuedgsithe mined areal'he
outlet for diversiorchannelshould be a rockned energy dissipatea level
spreaderor a stable existing drainageway.

Diversionchannelsare generally triangulatrapezoidalor parabolic ircross-

section Excavated material should be placed downslope of the diversion to
provide additional freeboard against overtoppif@generally, calculations of open
channel capacity and flow velociny ar

z‘ljzij

zGHzi ) zi ) andw

Q = flow rate
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V = velocity

a = cross- sectioral area of channel

r = A/P (hydraulic radius of channel = area/wetted perimeter)

s = channel slope (percent)

n=Manningbés Roughness Coefficient

(AChapterLl02Erosion and SedimenbRution Control Program Manual
(363-2134008), p. 128)

The appropri at e (rdighmess coeffiéientihdudde use fou e
the different channdinings. Runoff from small areasan be discharged by the
use of an energy dissipatand alevel spreademhich spreads the concentrated
channefflow into sheet flow A sediment trap should be usetien the flow

would outlet onto a disturbed area.

Temporary diversiochannelge.g, highwall diversionchannely musthave
sufficient capacity to pass teo (2)-year, 24-hour storm eventPermanent
diversionchannelgupslope diversiochannely must have sufficient capacity for
the runoff from the 1§ear, 24-hour storm eventThedesign freeboard should be
a minimum of 0.50feet Temporary diversioghannelsan beused during

mining activities butmay notremain after reclamation as part of the approved
postmining land use Permanent diversiochannelsare designed to remain in
place for years after surface coal mining activities are completed.

As the total length of a diversiamanneland the area draining to it increasie
potential for breakouts and accelerated erosion incredgesnsure proper
constructiondiversionchannelshould be surveyed and staked in the field prior
to construction The minimum preferred slope for a diversdrannels from
one(1) to two(2) percento allow ease of construction in the field.

A suitable protective liner must be provided &ach diversion channel (see
Table2.1). When the diversioohanneklope varies or the discharge changes
significantly, each segment of thehannelmust be designed to meet those
conditions.

Specific design criteria for capacity and stabitihall adhere to the requirements
of Chaptel6 of the Departmedt guidancedocumenfiChapterl02 Erosion and
Sediment Pollution Control Progratanuab (363-2134008).

2.6.3 CollectionChannelg25Pa.Code88 77.525 87.106 88.96 and 102.13)
Collectionchannelsare used to route flow from affected/disturbed mining areas to
the erosion and sediment pollution control$iey are located avod the

boundaryof the mining operation and prevent untreated runoff from leaving the
site.
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26.3.1 Collection Channel Design Considerations

The collectiorchannels located downslope from the disturbed area
andshouldextenddownslope fothe entire length of the disturbed
area Thechanneimust provide positive drainage and outlet to a
sedimentation impoundment or other control.

The collectiorchanneimust have sufficient capacitgr a10-year,
24-hour storm event.

Freeboard is to be a minimum of Of&@t(Higher returaperiod storm
events and/or increased freeboard may be requirechannelghat
will be in place for more than fingears.

As the total length of a collectiathanneland the area draining to it
increasesthe potential for breakoutsid accelerated erosion continue
To ensure proper constructiaollectionchannelshould be surveyed
and st&edin the field prior to constructionThe minimum preferred
slope for a collectiomhannels fromone(1) to two (2) percento

allow ease of construction and maintenance in the field.

The collectiorchanneimust be capable of conveying peakdf at
nonerosivevelocities which may requireock lining. When the
collectionchanneklope varies or the discharge changes Bagmitly,
each segment of thehannelmust be designed to mezttanging field
conditions TheNSSGAhas published a referenpablicationtitled
fQuarried Stone for Erosion and Sediment Corittbat can be used
to help size riprapThe permit application should indicate the size of
stone to be utilized and the installation thicknd$éa percentage by
weight or size ispecified the D50rock sizeshould beutilized. For
velocities above 4(Bfeet'seg an erosion resistant lining is required
This lining can be gradetprap, jute mating geotextile or other
Department approved material.

Whenever possibj@ vegetated area should be left between the lower
limit of mining areaand thechannelconstruction areaThiswill slow
down the flow prior to entering trehanneland allow sediment to

filter out.

Where possiblecollectionchannelshould be combined with

in-channelrock filtersas the water being conveyed in thekBannels

will likely be high in sediment contenRock filterswill allow for

more predictable settling of solids and maintenance aftthanels
2.7  VegetationLined Channels

Due to their ease of construction and low cesgetatiordlined channels are frequently
usedto linediversion and collectionhannels A well-vegetated channel még used

5630300101 / DRAFT / Pagé6



28

FOR DISCUSSION PURPOSES ONLY MRAB

when the anticipated peak velocity is below 4&f¥sec The vegetation should tveell
establishedbefore the channel begins to carry its design capagity transition points
especiallythe inlet into the sedimentation basin should be lined with the appropriate rock
or manufactured lining.

1 A velocity of 3.0feef'sec should be the maximum if onlgparsesegetative
cover can be established or maintained.

1 A velocity of 3.0to 4.0feet'sec should be used under normal conditions if the
vegetation is to be established by seeding

1 A velocity of 4.0to 4.50feetfsec should be used only in aredsereadense
vigorous sod is obtained quickly or if water can be diverted out of the waterway
while vegetation is being established.

i When base flow exista rock lined low flow channel should be designed and
incorporated into the vegetative lined channelisact

Vegetationlined channels typically begin eroding in the invert of the chan@ate the
erosion process has startedvill continue until an erosiomesistant layer is encountered
If erosion of a channel bottom is occurrjisgpne should be placed in the eroded area.

Rock-Lined Channels

When theanticipatedvelocity increasgto a point that a vegetated lining is no longer
adequateother measures such as rock linings are typically used for diversion and
collectionchamels Specific design criteria for capacity and stability of rdicked
channels shall adhere to the requiremanection2.5.3fVelocity Controb of this
document Rocklined channels are designed using the wetted perinastdtustrated in
Figure2.1 (Channel Cros$Sectional Areas and Wetted Perimetei&s)crosssection of a
rock-lined channel is illustrated in Figu2 (Detailed CrossSection of a Rock Lined
Channel)
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Figure 2.1.
Channel CrossSectional Areas andWetted Perimeters

(* Freeboard = D d for all sections.)
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Figure 2.1.
Channel CrossSectional Areas and Wetted Perimeters (continued)
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Detailed CrossSection of a Rock Lined Channel
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28.1 RockFilters

RockFilterscan be constructed across collectwrdiversionchannels Their
purpose is to reduce the velocity of runoff in thannelthereby reducing
erosion of theehannel The distance betwedock Filterswill vary depending on
the slope of thehannelwith closer spacing when the slope is steefi¢re stone
size used in thRock Filtersshould also vary with the expected design velocity
and dischargeAs velocity and discharge increasiee rock size should also
increase For mostRock Filtersthe NSSGANo. R-4 stone (3nchto 12inch,
average 6nch) is a suitable stone sizd o improve the sediment trapping
efficiency ofRock Filters a filter stone can be applied to the upstream.fédce
well-graded coarse aggregate suchaeerican Associatioof State Highway and
TransportatioMAASHTO No.670 (less than Inch in size) can be used as a filter
stone The design of &ock Filteris illustrated in Figure2.3, 24, and2.5.

Sediment that accumulates behind Roek Filtershould be removed when it has
accumulated to onkalf of the original height of thigter.

Figure 2.3.
Rock Filters
Plan View ?
o | | | i
)
Flow A - = A’
[~}
% u_LL
B’
Figure 2.4.
Rock Filters
Typical Section A-A’
Top of bank
\\
Flow
— lnvert
Filter stone
AASIITO No. 67 Rock Rock (NSSGA R-4)

(less than 17 in size.)
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Figure 2.5.
Rock Filters

Typical Section B-B’

Adapted from Erosion and Sediment Pollution Control Manual (1990)
Other Erosion and Sedimentation Controls

The Department has found ttetannelsand ponds are the most effecte®sion and
sedimentation contreheasure$or mining operationsrom both a cost and a

functionality basis These are considered to be conventional E&S measues.

maintenance costs associated with channels, ponds are minimal, and the measures allow
discharges to meet effluent standards.

The Department will consider the use of alternagik@sion andedimemation controd
when there is a justification that constructiorcofventionakrosion and sedimentation
controls not feasible ana the drainage area is less than fasesprovidedthe required
effluent standards can be met with the propasedrols Examples of alternaterosion
andsedimentation contrslinclude filter fences backed by straw bagperSilt Fence
earthen berm<omposite Filtesocks and sediment traps.

In noncoal miningoperations range from internally drained sand gravel mines to
hard rock mines witlhhenchecdhighwalls The appropriaterosion angedimentation
controk will vary with the type of mining operation some instance€hapterl02
BMPs may be sufficientand in other cases (hard rock terraces mhtualityWaters)
oversized ponds archannelswvith infiltration galleries may be appropriate

If the erosion andedimentation contrslare not maintained properly or are unsuccessful
in controlling runoff the Department will require the submissidragevisedE&SCPto
correct the problemWhen a situation arises for the potential use of alteeratgon and
sedimentation contrglthe appropriate District Mining Operations office should be
consulted.

29.1 SiltFence

When used properyasilt fence or asilt fencebacked with straw balesan be a
moderately effective erosion and sedimentation cantdlypical silt fence
instdlation andsilt fence crossection ardllustrated in Figure.6 and Figure2.7.
Examples of potential uses gift fence include shoiterm use during construction
or reclamation oérosion and sedimentatidacilities, stream crossingstream
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encroabments haul roads and as a control for small drainage afeapending
on sitespecific conditions and proposed time of sk fence may need to be
backed by hay baleg-ilter fabric fence is frequently installed in inappropriate
situations not installed properly and not given adequate maintenaDommon
problems include placingilt fence in areas of concentrated flowsd/or steep
slopesand placing fence on a slope rather than along the contBuoper
installation requires buryinthe toe of the fence properignd using long stakes
driven at least 181ches into the groundThe condition of the fence must be
checked after every rainfall event and repairs made promptly.

When it is not feasible to construct typieabsion andgedmentation contra and
silt fence is usedhe Department recommends the following:

1 The fence is placed aero Q) percentgrade; i.e.parallel to the contouys
and follows a level alignment.

1 The 30inch highreinforcedsilt fence shall be designedd¢ontrol runoff
from drainage areas that do not exceed the maximum slope length to
percent slope relationships shown in Teéh(Maximum Slope Length
for Silt Fence) The slope length shown is the distance from the fence to
the drainage divide arearest upslope channel.

Table 22: Maximum SlopeLength for Silt Fence

Maximum Slope Length for Silt Fence
Maximum Slope Length feet) Above Fence
Standard (18 High) | Reinforced (3® High .
Slope Percent Silt F(ence gh) Silt Fénce gh) Super Silt Fence

2 (or less) 150 500 1000
5 100 250 550
10 50 150 325
15 35 100 215
20 25 70 175
25 20 55 135
30 15 45 100

35 15 40 85

40 15 35 75

45 10 30 60

50 10 25 50

The installation should be constructed in undisturbed groSederely disturbed
or mined soils are typically too rocky and erodible to obtain a goead téthe
bottom of the silt fenceWhen slope lengths are too long for @ilefence
installation a second installation should not be installed in the backfilled dmea
this situaion, typical erosion angedimentation contreheasures should be used.
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The tiein at the bottom of thsilt fence is very important in preventing piping or
blowouts The bottom of the fence should not only be buried the filter cloth
should be laicacross the bottom of the trench to reduce piping underneath the
trench and to prevent the fence from being pulled out of the grotmelbottom

of the filter isfiL0 shaped when properly installe(See Figure.7)

Figure 2.6.
Silt Fence Installation

Silt Fence Installation

Silt Fence

Plan View Extend end of fence uEslope
e

so that the bottom of't
fence shall end at the top
of fence elevation.

Place fence on contour
at level grade.

From Erosion and Sediment Pollution Control Manual (1990)
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Figure 2.7.
Cross- sectionof Silt Fence Installation

Staple

* Stakes spaced at 8.0’ max. N N Stake

Use 2”7 x 27 ((+/-) 3/8”) wood
or equivalent steel

(U or T) stakes. t Staple

Joining Fence Sections

Support Stake™® 8.0 Feet Minimum -
|‘ >
«—— Fabric Fence
£ Fill
= Compacted Soil Slope
v —_
i ==
. — — IO gl A Toe Anchor Trench
Undisturbed S § 6 inches
Soil o2
V
—> 6 inches

Cross - Section View

The excavation for the fence should not disturb any more soil area than is
necessaryA small plow works well in constructing the trencAn additional
advantage of using a plow is that the sad be placed back with most of the
vegetation intact.

The disturbed area should have a temporary seed mix planted immediately after
the fence is installedThis is very important in preventing washing or piping
problems.

Pennsylvaniés typical weatheplaces additional burdens on silt fence
installations Wind and snow loads can have a significant effect on filter fence
installations tearingthe filter cloth from its supports @reatingbows in thefence
thathave the potentidb thenfail with a ssdiment and water loadseveral
manufacturers specify 8fetpost spacing The Department believes this
distance is too long for an installation expected to last more than a single
construction seasorit is recommended that 4%)0feet post spacinge utilized
The posts should be durable and lastgplesshould be utilized to fasten the

fence to the posts.
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The fence perimeter should imspectedht least weekly and after every
stormwater evento look for problem areadt may benecessary to regrade
eroded areasemove accumulatesedimentor repair the fence to maintain the
effectiveness of the installation.

For additional informationmosilt fence see the Departmaitguidancedocument
AChapterl02Erosion and Sediment Pation Control Program Manual
(363-2134008)

Super Silt Fence

SuperSilt Fence is durable filter fabric fence backed by a wire mesh, similar to
chain link fence and supported by sturdy galvanized steel poles. This type of
filter fabric fence withtands wind and water forces better than standard filter
fabric fence. It has a tendency to remain standing lahgestalled properly and
checked regularly for problems. Super silt fence may be used to control runoff
from some smaltlisturbed areas whethe maximum slope lengths for reinforced
silt fence cannot be met and sufficient room for construction of sediment traps or
basins does not exist.

Only those fabric types specified for use as silt fence by the manufacturer should
be used. The maximusiope length, in both existing and final grade, above any
super silt fence should not exceed that shown in TaBlgMaximum Slope

Length for Silt Fence). The slope length shown is the distance from the fence to
the drainage divide or the nearest upslopannel. NOTE: Slope length is not
increased by use of multiple rows of super silt fence.

Super silt fence should not be used in areas where rock or rocky soils prevent the
full and uniform anchoring of the fence or proper installation of the fends.pos

It should be used only where access exists or can be made for the construction
equipment required to install and remove the chain link fencing (e.g. trencher and
posthole drill). Super silt fence should be installed at level grade. Both ends of
eachfence section should be extended at leaste&Oupslope at 48egrees to the
main fence alignment to allow for pooling of water (see Fi@qB&ilt Fence
Installation).

Super silt fence should be installed according to the details shdviguire2.8.

An 8.0-inch deep trench should be excavated, minimizing the disturbance on the
downslope side. The bottom of the trench should be at level grade. A chain link
fence should be installed in the downslope side of the trench with the fenae on th
upslope side of the support poles. Poles should he@iés diameter galvanized

or aluminum posts set at 1Gdet maximum spacing. Poles should be installed a
minimum 36inches below the ground surface and extend a minimum of
33.0inches abovegroundA posthole drill is necessary to do this for most sites.
Poles do not need to be set in concrete. MNgauge tension wire should be

installed horizontally through holes at top and bottom of ehakifence or

attached with hog rings at 5@t (max) centers. Filter fabric should be

stretched and securely fastened to the fence with wire fasteners, staples, or
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preformed clips. The fabric should extend a minimum of B&Bes above the
ground surface. At fabric ends, both ends should be overlappatimum of
6.0inches, folded, and secured to the fence. The fabric toe should be placed in

the bottom of the trench, backfilled, and compacted.

g
e,
o

FASTEN ERS**l

EXISTING GROUND

J—

36" MIN.

Figure 2.8.
Super Silt Fence

8 MIN.

NO. 7 GA. TENSION WIRE
FABRIC FENCE

CHAIN LINK FENCE (2" WOVEN
MESH FABRIC)

COMPACTED
BACKFILL

—aEEe

8" MIN.

6" MI

FILL
SLOPE

FASTENERS
POST; ;; Z
. FABRIC FENCE

JOINING FENCE SECTIONS

*pOSTS SPACED @ 10' MAX. USE 2 1/2" DIA. HEAVY DUTY GALVANIZED OR ALUMINUM POSTS.

#% CHAIN LINK TO POST FASTENERS SPACED @ 14" MAX. USE NO. 9 GA. ALUMINUM WIRE OR NO. 9 GALVANIZED
STEEL PRE-FORMED CLIPS. CHAIN LINK TO TENSION WIRE FASTENERS SPACED @ 60" MAX. USE NO. 13.5 GA.

GALVANIZED STEEL WIRE. FABRIC TO CHAIN FASTENERS SPACED @ 24" MAX C.TO C.

29.3 Straw Bale Barrier

For shoriterm sediment contrp$traw bale barriers can be usedtypical silt

fence backed with straw bales installation and esession is illustrated in
Figure2.9 and Figure2.10. They are usually used for installation of culverts or to
catch sedimestfromsmall flows while sane minor work is being done near the

stream.
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Figure 2.9.
Silt Fence with Straw Bale Installation

Silt Fence with Straw Bale Installation
\__/_____/ 10—
105 —
\00/

Silt Fence

Extend end of fence upslope
so that the bottom of tEe
fence shall end at the top

of fence elevation.

Place fence on contour
at level grade.

S - ‘*,\\
A v 4 / ¥\ Note: Straw bales not

oy, VY shown for clarity.

From Erosion and Sediment Pollution Control Manual (1990)

Figure 2.10.
Cross-Section of Silt fence with Straw Bale Installation

Straw bales - installed
continuously against Support Stakes* (2 / Bale)

downslope side of f Fence Support Stakes* @ 8 Max. Spacing

filter fabric fence:

8.0’ Minimum

— %

\ 4

<«—— Filter Fabric Fence

o
i Fill
Bail Binding </' Compacted Backfill SIlope
Flow
} «Z\K adl
W il % 6 Existing Ground

* Use 27x 27 x 48” (+/- 3/8”") wood or
equivalent steel (U or T) stakes.
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29.4 Sediment Traps

Sediment traps are made by constructing a sse#tling basin to catch, settle, and
discharge runoff from a small area. Sediment traps detain sedadentrunoff

from small disturbed areas to allow the sediment to settle out, and then discharge
clean water to a natural drainagay. Sedimenbasing which are larger than
Sediment Trapswill be discussed in Chapt8r This section focuses on small

traps such as those used in conjunction with haul roagdan view of this type

of sediment trap is shown in Figuzell. A crosssection of a sedinme trap is
illustrated in Figure?.12.

Haul road sediment traps are used to catch, settle, and store the fine sediment that
runs off haul roadsSedment traps should have a minimum length ofdét and

a minimum lengtko-width ratio of2:1. Sizing vaies according to area, with

10feet by 20feet as a common size (Bet by 20feet is a large trap)The traps

must be sized at a minimum volume of 2,@d®ic feet per contributory acre and

be cleaned when the storage volume is reduced to belowft3g@de. The

sediment trap must have a means to be dewatered. Sediment traps can outlet
through a pipe or an overflow spillway section of the embankment.

The shape of the trap should match the equipment that will be used for clean out.
A round trapbeing cleaned by a rectangular loader bucket is not a good idea. A
rectangular trap at a slight angle to the roadway is a better option. All haul road
sediment traps require frequent cleaning when the permit is active. Spacing of the
traps usually varefrom 200feet to 400feet depending on roadway slope and
amount of traffic. In sensitive watersheds, a minimum spacing ofe20@s
recommended.

There is often confusion overhetherto use a sediment trap or design for the
larger sediment basirSaliment trapsare designed for a minimum of
2,000ft%/acre bumay also be used to control runoff from other areas when the
total drainage area &b acres Sediment controls for active mining areas must be
designed to the normal sedimentation basamdardswhich require

7,000ft%/acre total storage volumé&mall areas usually contribute lesser amounts
of sediment on a unit area basis than do larger .afidas is due to the decreased
amount of gully and channel erosion that takes place on sraedias In

addition, sediment traps for support areas that cannot be conwolyexs i t e 6 s
primary erosion and sediment control, require a minimum of Fi9G@re.
Contactthe appropriate District Mining Operations offimedetermine situations
where sediment traps could be used

Sediment traps may be used along with norrhahnelsand basins The use of
sediment traps allows tlerosion andedimentation contrab be located closer to

the source When sediment traps are utilized along with nalrsedimentation
basinsthe capacity of a sediment trap can be used to offset the required capacity
of a sedimentation pond.
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The sediment trap must be part of an ovexaikion and sedimentatigpian As

stated previouslya sediment trap may be used $§mall areas below the
collectionchannels They may not be used to separate large areas to avoid the
construction othannelsand ponds or to avoidational Pollutant Discharge
Elimination SystemNPDES permitting Measures such as mulching planted
areas andurfacing of haul roads should be part of the plan to use sediment traps.

For further information on the design of sediment trape the Departmeist
technical guidancéChapterl02Erosion and Sediment Polioh Control
Program Manual (363-2134008).

Figure 2.11.
Haul Road Sediment Trap

Haul Road Sediment Trap

RN
\\\
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N
%
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Flow
Filter Stone /
Embankment

\\\\

Excavated for
Storage

Outlet Protection
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Figure 2.12.
Cross- Section of a Sediment Trap
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SECTION THROUGH SPILLWAY *

C Coa - COMPAGTED
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FILTER FABRIC
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INSIDE FACE

* |n SpecialProtectionWatershedsembankment outlets composed entirely of rock alibee
spillway cresf{with AASHTOR-30 s or | ar ger a sinsidafacecontinimg body
AASHTO #57 stone or smallemust include .0 inchthick layer of compost or clean sand
installed on top ofhe AASHTO #57 stone and securely anchored

29.5 Compost FilterSocks

Compostiter socks have been developed as an alternatisit fence They
come in many diameters aate easier to instaihspect andmaintainthansilt
fence The omposition of filter socks variewith some made to decompgse
while othersare made to be removafter the vegetation is establishethey are
meant to be temporary controls suitable for downslope protgmtionto building
a sediment basin or a raaBilter socks should be used f&ortterm
disturbancesot forlong-termsediment control Please see tHBepartmenis
guidance dcumentiChapterl02Erosion and Sediment Pollution Control
ProgramManuab (363-2134008) for a complete discussion.

Compost socks consist of a biodegradable or photodegradable mesh tupe filled
typically using a pneumatic blowewith a coarse compost filter media that meets
certain performance criteria (e.g. hydraulic flow through, tatal solids removal
efficiency, total suspended solids removal efficienybidity reductionnutrient
removal efficiencymetals removal efficiengyand motor oil removal efficiency).
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Compost socks are flexible and can be filled in place or in somefdkskband
moved into position They are especially useful on steep slogdsavy
vegetation should be removed prior to installing the s@ikmpost socks can
also be used on rocky slopes if sufficient preparation is made to ensure good
contact of thesock with the underlying soil along its entire lengithey may also
be used on pavement as a perimeter canBotks used in this manner range in
diameter from 1@ inches to 32 inches (Note The flat dimension of the sock
should be at least 1tbnes the nominal diameteAlso, some settlement of the
tube typically occurs after installation.Jhe nominal diameter of the tube is the
dimension to be used for design purposescks with diameters less than
12inches should not be routinely usedmine sites In generala12.Ginch
diameter sock may be used for slopes not exceeding those appropriate for
standard (18 inch) silt fence Eighteerinch (18.0inch) diameter socks may be
used where slope lengths do not exceed the maximuraifdorced silt fence

and 240 inches diameter socks may be used where slope lengths are acceptable
for super silt fence.

As with other sediment barriersompost socks should be placed parallel to

contour with both ends of the sock extended upslopdadagree angle to the

rest of the sock to prevent eadound Socks placed on earthen slopes should be
anchored with stakes driven through the center of the sock or immediately
downslope of the sock at intervals recommended by the manufaciihere

socks are placed on paved surfacesmcrete blocks should be used immediately
downslope of the socks (at the same intervals recommended for the stakes) to help
hold the sock in place.

The anticipated functional life of a biodegradable filter sedix months and
oneyearfor photodegradable sockSome other types may last longédine

sites anticipated to last longer than the functional life of a sock should plan to
replace the socks periodically or use another type of erosion and sedimentation
contol.

Upon stabilization of the tributary arghe compost sock may be left in place and
vegetated or removedn the latter cas¢he mesh is typically cut open and the
mulch spread as a soil supplemelnt either casgthe stakes should be removed.

Stakes may be installed immediately downslope of the sock if specified by the
manufacturer Traffic should not be permitted to cross filter sackecumulated
sediment should be removed when it reaches half the aboveground height of the
sock and disposed ithe approved place designated on the E&S. phaotks

should be inspected weekly and after each runoff eu@amaged socks should

be repaired according to manufact@especifications or replaced within Bdurs

of inspection.

For additional informabn on the use of filter socksee the Departmeist

technical guidanc&Chapterl02Erosion and Sediment Pollution Control
Program Manual (363-2134008).
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Earthen Berms

Earthen bermduilt on the contoyrcan be an effective sedimesgntrol measure
for small area# the twe to threeacrerange Their advantage is that an
experienced bulldozer operator can build them without leaving his machine and
they are relatively probleftee When the upslope vegetation has been restored
to pre-mining conditionsthe berm can be graded pagain by one persorhese
berms may be used on small areas below collechannelr below roadway
slopes but should not replace sediment traps for areas approachBiagrés

Earthen berms can sometimes be usazhasternative to a collection or diversion
channeto direct runoff to a sediment trap or sump.

Vegetated Strips

Vegetated strips dowltpe from the mine sitdnaul roador erosion and
sedimentation contrslwill help to reduce sediment loading to the receiving
stream Any bare spoil or unvegetated soil downslope of the mine site should be
planted and mulched before mining begiiis will serve to reduce the
sedimertproducing area and take advantage of the seditregoping capability

of a good grass cover.
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SEDIMENT CONTROL IMPOUNDMENTS

A sedimentation basiremoves sediment fronrunoff originating withinthe mine site
Sedinmentation basins treat runoff from active and reclaimed areas on a mjrs® sitey
generally treat a larger volume of water than the treatment péhols from sedimentation
impoundments cahave a direct effect on the receiving streams and oadbatic life in those
streams

Runoff water from coal stockpilesoal preparation areasr acidic spoil must be treated to
comply withNPDESIimits. The discharge point must also be on the NPDES lisfimgatment
of these materials can be completeéicombined sediment/treatment basin or in a separate
treatment system.

A sedimentation impoundment is illustrated in FigB®e Thevolume of the impoundment
during the life of the mining operation and the subseguesfamationis determined accordin
to the size of the land area, including disturbed and undisti{doees) draining into it.

The amount of sediment removed from the runoff is dependent upon detentipgetimetry of
the impoundmentand the size and density of the sediment patrticles.

The overall size of any impoundmeintcludingthe outside dimension of the embankment or cut
slope must be shown to scale on the operatmasvingsand the land use and reclamation map
where appropriateThe inlet and outlet locations must also beveh on the mag includingthe
collectionchannebutlets into the basin and the dewatermgncipal spillway and emergency
spillway outlets.

Mining regulationst 25 Pa.CodeChapters/7, 86, 87 and88, contain information on the
required effluent quality and the rainfall events that apply to the different effluent standards
These regulations apply to all impoundmenkbe NRCS5 8Sediment BasiB500 and
fiPond3785 documentgponds in place longer thdive-years) (https://www.nrcs/usda.goy/
apply to most impoundment§ hey contain the specific design requirements that control
principal and emergency spillway desigmbankmentonstructionand pond configuration
Besides specific design criterid@sediment BasiB500 andfiPond3780 contain most of the
requirements found i85 Pa.CodeChapters/7, 86, 87, 88, 102and105. In addition for
fiSediment BasiB50 a static factor of safety of not less than rhi3st be demonstrated.

The Dam Safety and Encroachments ActP33. & 693.1693.27 and it25 Pa.Code
Chapterl05 regulationgrotect the safety of the publigrevent unreasonable interference with
waterflow and navigation angdrotectwater quality and carrying capacity of watercourses
Chapter 105 regulatiorapply to all impoundments over a certain size drainage area
impoundment capacitypr embankment heighfThese egulations usually do not apply the
impoundments on most mine sites because of their small size.

While iiSediment BasiB500 andiPond3780 apply to smaller lowhazard impoundments, NRCS
Earth Dams and Reservoirs (Technical Reléa®@ revisedluly 2009, applies to highazard or
larger impoundments. When Earth Dams and Reservoirs apply to a mining impoundment, it is
usually because the structure is locatednrarea where a failure would affect downstream
properties.
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Figure 3.1.
Sediment Impoundment Configuration

Impoundment Configuration
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The Federal Mine Safety and Health Administration (MSH#&responsible for the safety of
miners and the publicThe MSHA approval is required for impoundments over a certain size
Table3.1 shows when different regulations or standards apply.

Table 31: Applicable Impoundment Regulations

Requirements Situations Where Requirements Are Applicable

PADEP Chapters 87 All impoundments

PADEP Chapter 102 All erosion and sedimentation contisipoundments

Impoundments which meet any of the following:
1 Maximum inside embankment heightls feet
PADEP Chapter 105 1 Maximum storage 50 acfeet
(2,178000cu.fee.
1 Maximum drainage areat0acres.

All impoundmentsSizeCategory(SC) A B andC
except for temporary SC.C

All impoundmentsHazard PotentiaCategory
(HPC)1, 2 and 3 except for temporary HRAC

Review by Bureau of
Waterways Engineering
Required

All temporary (< 5 years)erosion and sedimentation

NRCS Sediment Basin 350] .
impoundments

All impoundmentsincluding permanergrosion and

NRCS Ponds 378 sedimentatioimpoundments

Impoundments which meet any of the following:

1 Maximum height >335 feet

1 Storage (afeed x height feef) > 3000acfeet
NRCS TR60, Earth Dams anqg | All dams located in predominantly rural or

Reservoirs agricultural areas where failure may damage

isolated homesmain highwaysor minor
railroads or cause interruption of service for
relatively important utilities

Impoundments which meettherof the following:
1 Maximum height 20 feet
1 Maximum stoage >20acfeet
(871,200cufeed.

MSHA

3.1 Chapter 105 Impoundments(Title 25 Pa.Code §87.112 88.102and 105.3)
A Dam Safety Permit is required for an impoundment if:
i The contributory drainage area exceeds d€¥@s or

1 The greatest depth @fater measured by the upstream toe of the dam at maximum
storage elevation (top of embankment) exceededisor

1 Theimpounding capacity at maximum storage exceedscb@feet
(2,178000cu.feel.
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The District Mining Operations office will review ttagplication including processing

of the additional permit fee when the dam is classified asGigegoryC and Hazard
PotentialCategory4 according to criteriat Section105.91 For thiscategoryof
impoundmentsfailure of the impoundment would not be expected to cause loss of life
(no permanent structure for human habitation located downstréaragidition a failure
would have minimal economic lossamage to private or public propeviyth no
significant efect on public convenience downstrearf)nally, this categoryof
impoundments will not remain as permanent posting structures.

When the mining permit includes a dam permit,Diaen Safety and Encroachments Act
will be checked on the issuedining permid s f a @re insludeamyt special
conditions that apply to the additional activities.

If the requiredimpoundmenstorage is larger tham SizeCategoryC and a Hazard
Potental Category4, the permit application for the impoundmehdng with an
environmentalssessmenwill be forwarded to the Division of Dam SafeBureau of
Waterways Engineering and Wetlandkng with comments frorthe District Mining
Operations @ice, for review and processingn these casethe design and construction
of the impoundment must comply with the NRE&th Dams and Reservo{fBechnical
Release N0o60, July 2005. Impoundments that are to remain as permanenimpshg
impoundmentsvill also bereviewed bythe Division of Dam SafefyBureau of
Waterways Engineering and Wetlandsmodifications to the impoundment can be
achieved to reduce the size or drainage area to below the above siahdeBdseau of
District Mining Operations will be the permitting agency.

Permanent Impoundments(25Pa.Code 8 77.53087.111 88.101 88.196
and 88.301)

Impoundments constructed as part of the mining operation may be atiowerdainas
postmining impoundmentsprovidedthe following conditions are met

1 The quality of the impounded water is suitable for the intended use and will meet
the applicablé&ections’7.522 87.102 88.92 effluent standardsExamples of
postmining uses include livestock managemdine protecion, wildlife habitat
storm water managemeiind recreation.

1 The constructed impoundment meets all Department design stanédasds
proposed changes to the impoundment shall be included in the rexqubst
structure to remainProposed changes cduhclude deletion of some of the
drainage area to the impoundmesapping of the dewateringpe, and changing
the principal or emergency spillway elevation or configuration.

i The operator must provide the Department with a notarized letter from the
landowner, consenting to and agreeing to maintain the impoundment after release
of all bonds from the permit are&ntil final Stagelll bond releasgthe operator
is responsible for any maintenamegjuired
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Common uses fguostmining impoundments includiévestock wateringfish and
wildlife habitat recreation andaf fire protection In most caseshe dewatering pipe or
valve will be capped arlosed,and the water elevation will be allowed to riSehe
emergency spillway must be freealdfstruction and properly linedAs mostpostmining
impoundments will have a permanent pool and consequently less storage volume to route
a large stornthe drainage area to the impoundm&muld be reducedEffectsof
postmining drainage on the existy drainage system should be considefHae local
NRCS office can provide assistance in determining drainage areas and pond sizes
necessary to fulfill a given function.

The Cooperative Extension Service of the Pennsylvania State University has published
fiFish PondsConstruction and Management in Pennsylvanibich provides useful
information on fish managemeninformation on obtaining this document can be found

in the reference section of this manual

The Pennsylvania Fish and Boat Commission (PRE@answer questions concerning
fish management and provide a current list of commercial hatcheries

The Department wiltonduct dield reviewof all impoundments proposed to remain

after mining and reclaation Postmining impoundments that meet Chapi®5 criteria
will be referred to the Division of Dam SafeBureau of Waterways Engineering for

their approvalunless the impoundment or drainage area is modified such that the

impoundment no longer mee€hapted 05 criteria.

Mine Safety and Health Administration Impoundments (30CFR 77.2161 and
77.2162, and 25Pa.Code§87.119

The MSHA requires stringent design and construction standards for impoundments if the
embankmentas measured from the upstream toe to top of embankmeotfes or

more or the total storage volume is a0refeet (871200cu feef) or more or the
impoundmentas determined by the MSHA District Managaresents a hazard to coal
miners.

All impoundments subject to these criteria as establishdd @FR 77.2161
and77.2162 shouldhave a duplicate set of the plansth one set submitted to the
District Manager of th&ISHA andone set submitted to the Departmenhe
Department will review plans for impoundments under the mining regulatimhas
pat of its review will consider comments bthe MSHA.

Combined Sediment and Treatment Impoundments

Under certain conditiongn impoundment that was designed as a sediment pond may
need to function as a combined treatment/sediment impoundméran the runoff

water contact acoal stockpilecoal preparation arear acid producing spqithe water
(contact water) must be treated to the Mine Drainage Treatment Facilities limits (effluent
limits) in the NPDES permit
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This contact water can contain high levels of metals and acititg treatment should be
appliedat the inlet to the pond and a second pond may be required to polish the treated
water While the pond may be designed as a sedimentation, basifinal configuration

and sizing criteria must be such that the treatment facility effluent limits are met
consistently.

Pond Design(25Pa.Code 8 77.531 87.73 87.112

When aChapterl05permit is requiredthe detailed design plan for a structure shall be
prepared byor under the direction pand certified bya qualified registeregrofessional
engineer When aChapterl05permit is not requiredhe detailed design plan shall be
prepared byor under the direction pénd certified bya qualified registered professional
engineer or qualified registered land surveyor.

Pond Caetification i PostConstruction (25 Pa.Code§87.112)

Sedimentation basins and other impoundmentsuding treatment pondsjust be
constructed in accordance with the approved permit before any disturbance of the area
that will draininto the impoundmentThe impoundment must be inspected during
construction and certified upon completion of construction by a registeredgooftss
engineer if:

1 It requires a Chaptet05 permit

1 The embankmenas measured from the upstream te0fed or more
1 The total storage volume is 2@refeet (871200cufeef or more
1 The MSHA District Manager determines thapliesents a hazard to coal miners

Impoundments that do not require a permit under Chapteanddo not meet or exceed
the MSHA requirementstill must be certifiedy a registered professional engineer or a
registered professional land surveydhe inpoundment certification form is contained
in the permit applicatigrandis available in th® e p a r t ehibrary od fsomthe

District Mining Operations office The Department will accept compuigenerated
reproductions of the form provided the repraglut accurately follow the original
certification The Pond Certification Form (56@®MP-MR0311) is designed to be a
front and back onpage form When submitted as two separate sheets of papen

page should identify the pond and be sigmedledanddated Each impoundment shall
be certified that it is beingnaintainedor will be maintained as designed in the approved
plan and in accordance with all applicable standards.

Pond Examinationsand Inspections(25Pa.Code§ 87.112)

Bituminous coal mine impoundmergball beinspectedy a qualified person designated
by theoperatorat intervals not exceedingdays for structural weaknessosion and
other hazardous conditionimpoundments with an embankment less thafe20in
heightor which have a storage volume of less thaa@@feet shl be inspected once
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every3 months unless otherwise required by the DepartmEme examination should
include checking for surface cracksoughing or movement of the to@oticeable
seepagetheobstruction of outlet structuresmdbr riprap failures The permittee shall
make and retain records of such inspectiociuding records of actions taken to correct
deficiencies found in such inspectioB@opies of such records shall be providedhe
Department on request.

For bituminouscoal mineseach impoundment must liespectedand recertified every
yearby a registered professioragineer oregistered land surveyéor the annual pond
certificationrequired by the regulations.

If an inspection discloses that a potential hazard existgperson whinspectedhe
impoundment shall promptly inform the Department of the finding and provide a
remedial action plan to protect the publis potential hazard could be a pond deficigncy
suchas slumping of the embankmeat a tension crack in the embankmeAtpotential
hazard could also be the construction of a new house or road directly downslope of the
pond If adequate procedures cannot be formulated or implemehte®epartment shall

be notified immediately The Department shall then notify the appropriate agencies that
other emergency measures are needed to protect the public.

Impoundment Capacity (25 Pa.Code & 87.108and 102.13)

Sedimentation impoundments havstorically been required to have a capacity of
7,000ft%ac for each acre of disturbed area draining.t@litis volume was originally
established by the regulations in Cha@é(Surface Mining of Coaland Chaptev7
(Noncoal Mining by reference to the &ural Resources Conservation Sergs¢BIRCS)
Standards$i350, Sediment Basin andii378 Pond which were in effect when the
regulations were promulgatedhe current versions of thosdriES publications no
longer providespecific szing requirements.

The Departmeiis iChapterl02 Erosion and Sediment Pollution Control Program
Manuab (3632134008) for noamining projects recommends a sedimentiisgtzone

of 5,000cubic feetfor each disturbed and undisturbed acre contributotlyednasin and a
sediment storage zone gDO0cubic feet per disturbed acrB®ue to the size and

duration of earth disturbance on most coal and large consolidated noncoalamines
dedicatedsediment storage zone qDR0ft¥/ac is stillrecommendedThis capacity of
7,000ft%ac is also used by most other Appalachian mining staser impoundment
capacities may be considered only where the applicant demonstrates that the nature and
expected duration of the proposed mining make sedhations technically sound and
would not pose a threat to healdlafety or water quality protectiorn all casesthe
sediment in the impoundmeshouldbe removed when the settling capacity is less than
5,000ft¥ac or when the sediment accumulatidges to the sediment storage elevation
A settling volume of D00ft%/ac corresponds to approximately indhes of runoff from
the drainage areaVith this volumea 10year storm would produce discharges from
both the principal and emergency spillway

The drainage area to an impoundment may include small areas of undisturbed ground
As these undisturbed areas can be expected to contribute only small amounts of sediment
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it is not necessary to construct the impoundment for the total runoff andeseditorage
volume of 7000ft¥ac In these casethe impoundment design can be based on
5,000ft%ac of runoff storage volume for the undisturbed acredge impoundment
design does not need to include the additiof@@ft3/ac of sedimenstorage for the
undisturbed drainage areas.

Similarly, impoundments for areas that include other facilities(vpdants asphalt

plants buildings etc.) that do niopresent significant source of sedimentation may also
be designed with a sediment satjlcapacity of D00ft*/acre with no provision for
relevantsedimenstorage However for new facilities the applicant may need to
perform an analysis of@mwaterrunoff pre and postdevelopment in order to assure
compliance with stormwater managem requirement26 Pa.Code 8§102.8) post
construction.

For the purpose of routing storms through an impoundnNREGG fiSediment
Basin3500 andfiPond378)), the normal pool shall be considered to be the sediment
storage cleanout levéFigure3.2 Stormwater Settling Pond)

The Departmentnayrequire increased pond capacities where needed to meet the
antidegradation regulations 25 Pa.Code8 93.4 and the iBh and Wildlife Protection
regulationsat 25 Pa.Code88 87.138 an®8.62.

Sediment traps used as forebays at the points of inflow to a sedimentdrabia utilized
as pretreatment to remove heavier sediment particles and may redwtaltheltme of
the impoundment.

Figure 3.2.
Stormwater Settling Pond

Stormwater Settling Pond

Stormwater Settling Volume
5,000cf/ac

Sediment Storage Volume
2,000cf/ac

39  Principal Spillway (25Pa.Code§87.112 and NRCS Sediment Basir850 and
Pond 378)

The requirements for sizing of principal spillways are contained in the NB€&ment
Basin3500 andfiPond378& publications The Department recommends thateatysion
andsedimentation impoundmertte designed and constructed with both a principal
spillway and an emergency spillway even though neither publication specifically requires
a principal spillway for ponds with a drainage area less thati2® The use of a

principal spillway reduces tHeequency and duration of flow through the emergency
spillway, yet allows for a controlled release of the rundfhe criteria contained in the
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two NRCS publications require an increase in the design storm as the drainage area to the
impoundment increase

Thebasedor sizing principal spillways are as follows:

1 Ponds with a drainage area betweem2@ 50aaesshouldhave sufficient
capacity between the sediment storage level and the emergency spillway to

X Store 2.00inches of runoff from the waterstl or

X Provide the required combination of storage and pipe discharge to
accommodate the runoff from tfiee (5)-year, 24-hour storm event.

1 Ponds with a drainage area betweembd 100aaesshouldhave sufficient
capacity between the sediment storalgzation and the crest of the emergency
spillway ta

X Store 2.50inches of runoff from the watershemt

X Provide the required combination of storage and pipe discharge to
accommodate the runoff from the-§0ar, 24-hour storm event.

1 Impoundments with a drainage area of more thanab@¥shouldhave sufficient
capacity between the sediment and the crest of the emergency spillway to

X Store 3.00in of runoff from the watershedr

X Provide the required combination of storage and dipeharge to
accommodate the runoff from the-g8ar, 24-hour storm event.

The elevation and orientation of the principal spillway inlet is very important in
determining the discharge capacity of the principal spillway and the available storage
capacity ad retention time for the sediment laden storm waltézally, the principal

spillway inlet should be placed such that full pipe flow is achieved prior to having the
water elevation reach the crest of the emergency spilloeayt must not be placed too

low in the structure or it will not provide sufficient storage and trapping efficiency for the
runoff flowing into the impoundment.

The principal spillway design shall include the inlet elevatmpe slope and length of
the pipeand outing proceduresuch as those in NRO8echnical Refereneg50.

Straight barrel spillways are frequently used for small impoundmétse end of the
straight barrel spillway is cut off squafeall flow will not develop in the pipe until a
significant head is achieved he head to develop full flow is typically greater than what
is available in the pondsTo remedy this situatigthe end of the pipe should be cut off
diagonally and a baffler hood placed over the end of the pipegure3.3 Principal
Spillway illustrates a straight barrel spillway design.
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Barrel and Riser spillways are more appropriate for ponds that will remain in place for a
long time such as in limestone operationgrotarger quarriesProperly installed barrel

and riser pipes have some advantagaesthe joint between the riser portion and the

barrel portion must be strong enough to withstand the forces of anddvater and
freeze/thaw conditions

Ondrainage areas @550 acresdrainage areadarrel and riser principal spillways

should be used so that adequate storage is available in the impounBeeek and riser
principal spillways are subject to a reduction in capacity if anvamtex devie is not

used This reduction occurs due to the swirling action that greatly reduces the capacity of
the structure A metal plate placed in the center of the riser pipe structure allows the full
capacity of the pipe to develop.

Filter fence fabric shodlnever be placed over the inlet or outlet works of a principal
spillway. Doing so can cause clogging of the holes and reduces the effectiveness of the
impoundment.

Figure 3.3
Principal Spillway

Principal Spillway

3.10

0.75 diameter of metal baffle

Upstream
Fac

Embankment

Hooded inlet principal spillway with metal baffle.

Emergency Spillway(25 Pa.Code 8§ 102.13 105.98 and NRCS Sediment BasirB50
and Pond378)

Every sediment basin should be provided with an emergency spilllWeyemergency
spillway is the falsafe mechanism for the panBroper sizingconstructiorandlining
are essential to emergency bpdy efficiency. If runoff inflow is much greater than the
ponds ability to discharge and storetlie emergency spillway must discharge without
the pond embankment failingAlmost all pond failures result from the emergency
spillway being cut byigh velocity water and then the water wesbut the ponds
embankment For this reasarit is important for the emergency spillwg be
constructed on original groundot on fill on the embankment.

The Departmentequires that all sedimentation impalments be capable of safely
conveying the routed 2gear frequency peak dischargdRCSGs fiSediment BasiB500
andfiPond3780 require impoundments from 20 100acres in drainage area be capable
of passing the 5§ear frequency peak dischargenpoundnents over 10@cres in
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drainage areeequire & applicant to obtain @hapterl05 Water Obstruction and
Encroachmenpermitand submit an Environmental Assessment with the permit

application The design events upon which drainage areas are based araliste

Table3.2. Design Area Based on Storm Eventhe principal spillway capacity can be
utilized in passing the desigivent The ability of a given sedimentation impoundment

to safely route a given designentis determined by developing a runoff hydrograph that
takes into account the discharge capacities of both the principal and emergency spillways.

The emergency spillway shld be excavated into original ground and protected with an
appropriate channel liningf it is physically impossible to excavate the emergency
spillway into original groungthe area must be adequately compacted and lined with
suitable riprapvith geoextile lining installed beneathrhe emergency spillway outlet
should convey the flow to a stable watercourse with adequate capaateive

Table 32: Design Area Based on Storm Events

Drainage Area Design Event
less than 20 acres | 25year 24-hour rainfall
20 acres to 100 acrey 50-year, 24-hour rainfall
over 100 acres 100-year, 24-hour rainfall
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The slope of the exit channel of the emergency spillway should be shown on the
impoundment design sheeA plan view of an emergengpillway is shown in
Figure3.4 Plan View of Emergency Spillway

Figure 3.4.
Plan View of Emergency Spillway

Erosion and Sedimentation Impoundment Bineyeay Spifiwas

Control Section

Inflow

Outlet
Protection

Principal Spillway

Plan View
! Level Control Section

Rip-Rap

BT gy

Embankment

Note: Do not construct
emergency spillway
across fill areas.

Plan View - Emergency Spillway

3.11 Freeboard(25Pa.Code§ 102.13 NRCS Sediment BasirB50 and Pond378)
The freeboard between the design discharge elevéitiongh the emergency spillway
and the top of the embankment must be a minimum de2ifor a 25year, 24hour
event or 1.Goot for a 100year, 24hour event.

3.12 Impoundment Dewatering(NRCS Sediment Basir850)

All impoundments are to bdesigned to dewater to the sediment storage volume in no
less thartwo (2) days and no more thaeven(7) days This allows time for settling and
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for the impoundment to empty should a second significant rainfall event ddemual
dewatering with a vak on the dewatering pipe is required on sensitive watersheds and
recommended on other watersheanual dewateringllowsthe minesupervisoito
determine when the collected runoff has cleared and then release it at a controlled rate
All permit applicatiors with manual dewatering devices must contain a narrative
describing the operation of the dewatering device including operation after personnel are
no longer on site.

The dewatering device is an important element of the @aesign Practice has shown

that smaller pipes are prone to plugging and several small dewatering pipes in one
impoundment should be avoideA four (4) inch pipe has been found to be the minimum
size that does not plug with small debrii¥hen a barrel and riserincipal spillway is

used as a dewatering devitee riser pipe perforations should consistvad (2),

three(3,) or four (4) columns ofoneinch holes spaceohefoot vertically. To prevent
plugging of the holes, the minimudiametershould beone(1) inch. When additional
capacity is neededn additional column of holes can be added or the top one or two rows
of holes can be of a larger size.

ThefOrifice equation can be used for pond dewatering calculations with barrel and riser
pipes where:

Q =c(A) (gh (5

(c)= 0.6

(A)= the area (f),

(g) = 32.2feefsecand
(h) = head in ée€.

This calculatesiQoin ft¥/sec The impoundment dewatering calculations should be
included with the permit applicatiorHand calculations tdetermine dewatering time
can be done with the following information.

Elevation

Storage Volume

Change in storage volume

Discharge

Average Discharge

Time per unit change in storage volume
Accumulated time

= =4 -8 -8 _9_9_-2

Improving Impoundment Efficiency

Thereare many ways of improving the sediment trapping efficiency of an impoundment
Theefficiency of the impoundmertan be increased by increasthg flow path that the
sedimerdadenwater must travelithin the impoundmerdand increasinghe surface area

of the impoundment.
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Runoff enters the impoundment in a slug flow process that can regdiad spotsin a
pond that are not effective in trapping sedimeértte slug flow can be reduced by placing
baffles or a level overflow near the inflow to the mopdment This allowsflow to

better utilize the entire crosectional area of the impoundment.

The settling of suspended particles is a function of surface areadade loading rates
of the impoundmentincreasing the surface area of an impoundmalihdecrease the
flow velocity through the impoundment and increase the efficiefroyreasing the
volume of the impoundment will increase the detention time and the efficiency.

The shape of the basin is another important factdetarmining the efficiency of an
impoundment The impoundmenghouldhave a minimum lengtto-width ratio of
2:1where possiblewith 4:1 preferred if site conditions permiThe longer the distance
between the inlet and the outldte more efficient b pond will be Flow should be
uniformly routedthrough the impoundmenwith fidead spotseliminated by baffles or
pond geometry When the pond geomet(g.g.irregular shapes limited by site
conditions baffles can be used to increase the flow path that inflow must travel before
leaving the impoundmenBaffles are required whenever inflow is coming into an
impoundment from two different directiomgerea 2:1flow path to pond width cannot
be achievedBaffles can be constructed of geotextile cJatine ventilation cloth
plywood, stone or a dike constructed of suitable materihen installed correctly,
baffles work very effectivelyy restricting flow and longer retention times.

The outlet of tle collectionchannekhould discharge to an area covered with riprap or
other suitable protectidior energydissipationat the invert elevation of the

impoundment so that additional sediment is not deposited into the impoundment by the
runoff flowing ove and eroding a steep slope.

Reducing the drainage area to any one impoundment will reduce the amount of channel
erosion and decrease the sediment load to the impound@enéerally anything that
places controls closer to the souva# improve the oveall efficiency of the plan.

Chemical Flocculation

Chemical flocculation can be utilized to improve impoundment efficietgyrmal

settling is gravitational and dependent on the settling velocity for the different size
particles Thephysicalsetting of individual particles under quiescent conditions is
described by Stoké&aw. Because the fall of a particle in water is due to graty
heavier the particlehe greater chance of settling oulftthe runoff has a high percentage
of fine-grainedsilt and claythe required effluent standards will be difficult to achieve
A chemical flocculant can be added to cause thedraged particles to agglomerate
This agglomeration will have the settling characteristics of lasged particle.

Flocculants can be utilized to increase the settling efficiency of sedimentation
impoundments Impoundments utilizing flocculants work best with manual dewatering
capabilityto allow for batch treatmentA means to distribute the flocculant throughou
the water to be treated is necessddyie way is to add flocculants through pumping,and
therefore a power source must be availabfatisfactory results have been achieved by
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using a hydroseeder to achieve the desired mixing effégtculants aralso available
asfifloc logsd which slowly dissolve when contacted by incoming surface wéieic

logs should be locateat a sufficient distance above the basin to allow for mixing of the
water and the flocculatttefore entering the basin.

When appliedht the proper dosagkocculants are extremely effective in reducing the
suspended solids concentration of the effludiitey allow the settling of fine clay
particles that can remain in suspension for dd&scculants are frequently used for
processvater, but are not always suitable for use in treating water for discharge to a
stream as the chemicals used radyersely impact aquatic liféThe use of flocculants
used to meet effluent standards must be consistent with the manufacturer
recommendatias and may not pose a threat to water qualitye use of flocculants can
be approved on a cabg-case basis.

Specific questions as to the toxicity of a given flocculant can be directed t6 @Bt P
Division of Environmental Services

Moat Impoundments

Impoundments must have a minimum length to width rat@: Hfout the impoundment
can be very long relative to the widtBediment ponds with a high lengihwidth ratio

are referred to as contour or moat impoundmdr@sause they followhe contours on a
site and resemble a wide trench or mddbat impoundmentsllustrated in Figures.5,

have many advantages that favor their use in certain. afbay are well suited for use

in areas of steep terraiffhey take up less space duedwér embankment height3he
lower embankment height also allows for easier reclamation when the time comes to
remove the impoundmenfypically, a small bulldozer can be used for construction and
reclamation Moat impoundments have a lower average liepd longer flow pathn
comparison taypical erosion and sedimentation impoundments.

In generalmoat impoundments are treated the same as typical sediasnswith
particular emphasis on the following guidelines:

1 Since runoff can enter thgoslope face of the impoundment, runoff entering close
to the basin olgt can flow directly out of the impoundment without sufficient
retention time in the basin to allow for sediment remoyatollection channel
on the upslope face should thereforaubed to route runoff closer to the basin
inlet. Another solution is the use of a pond baffle, extending along the length of
the impoundment, to prevent shaitcuiting.

i Moat impoundments should be construatedrery flatground as close to
zero(0) percentslope to allow settling to occur and prevent the erosion of already
settled particles.

1 RockFiltersshould be placed every 4@€et to reduce erosion in the bottom of
the impoundment and to take into account variations in the bottom elevation.
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Whenever possiblehe emergency spillway should be constructed in original ground or
in an area where the embankment is not at its highest pgdost ponds should follow

the normal criteria for the construction of principal spillwayghen the principahnd
emergency spillways are constructed in the same area of the embankie@miportant
that these areas be compacted propdflthe emergency spillway must be constructed in
the embankmenit is important that the spillway be lined with a riprdpadequate size

A geotextile should be placeshderneath the riprap.

In remining situationsconsiderationmaybe given taeusing existing impoundments

from previous miningperationgo control sediment from the new miniagtivities
providedthattheimpoundments will not degrade water qualitpnpoundments in acid
producing spoil should be avoidedsing an existing impoundmergsults in the

eventual reclamation of the old impoundment and avoids disturbing new areas for the
sole purpose of buildma sediment basin.

Figure 3.5.
Moat Impoundment

Moat Impoundment

3.16 Impoundment Removal

Erosion and sedimentation impoundments shall remain until the vegetatibe sitas
successfully establishedPermitteesnust obtain Department approval before removing
sedimentation contralsThe pond needs to be drained completelyeled off have

topsoil placedandplanted Removal of the impoundment should be done during the
planting season so that the area casdszled and mulched as soon as possible

3.17 Liners (Impoundment and Storage Areg (25Pa.Code 88 91.34 and 91.3p

Impoundments and storage areas at underground mines, surface mines, coal preparation
plants and coal refuse disposal sites must be catetiin a manner that prevents
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groundwater contamination. As a general rule, impoundments for the storage or treatment
of mine drainage, contaminated runoff from coal or refuse sources, leachate from a coal
refuse area, or water from a mineral processpegation must be equipped with a liner.

In addition, coal stockpiles, pollutigiorming underground development waste, spoill,

and coal processing wastes must be placed on liners that are graded to drain to a
collection point and are sufficiently impermealb ensure lateral flow along the surface

of the liner.

3.17.1 Requirementfor Liners

25Pa.Code8§ 91.34requires that angctivity, whichinvolves the impoundment
production processingtransportationstorageuse application or disposal of
pollution substances must include measures to prevent such substances from
entering the waters of the Commonwealth;,asdsuchhas been applied to
require lining of coal stockpilesSection91.35requires that all impoundmen
used for the productigprocessingstoragetreatmentor disposal of pollution
substances must be impermeable.

3.17.2 Typesof Liners (Liner Materials)
The following materials are commonly used as liners:

natural clay soils in place @situ)

hydraulic asphalt concrete

concrete

soil cement

soil asphalt

remolded clay

sodium bentonite and bentonitke materials/soil mixtures, and/or
geomembranes (synthetic)

= =4 -8 _8_9_9_2_-2

Most liners associated with mining activities may be categorized by one of
fourtypes These are:

natural (insitu) clays or ifplace confining layers
borrowed clays

sodium bentonite and bentonitke materials/soil mixtures
geomembranes

= =4 =4 -4

Since these types of liners appear to be most utilized by the mining industry in
Pennsylvanigfurther discussion will involve these fotypes of liners The other
listed liner types will be evaluated on a cégecase basis by the Department
should any operators wish to utilize them.

3.17.3 Minimum Liner Requirements

Impoundments Specific Discharge Rate\ll impoundments described this
sectionmust be equipped with liners capable of achieving specific digehates
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no greater than 1010’ cm/sec under operating conditiorSpecific discharge
is defined by théollowing equation:

Ds =Kl,orDs = K(H + L)/L

Where
(Ds) = specific discharge (cm/sec)
(K) = hydraulic conductivity of liner (cm/sec)
() = hydraulic gradient (dimensionless)
(H) = height of water above liner (length in units consistent with the
units for L)
(L) = thickness of liner (length in units consistent with the unitsfor

Storage Aras- Hydraulic Conductivities All storage areass outlined irthis
sectionmust demonstrate a hydrautionductivity of no greater than
5.0x 10° cm/sec.

Liner Thickness For natural clays or #place confining layers and liners
constructed of remolded clays or sodium bentonite and bentikate
materials/soil mixtureghe minimum liner thickness is@feet

For liners constructed of ganembanes (synthetic) the minimum thickness
required is 30nils (0.030in).

Liner Material Evaluation In order to evaluate nesynthetic liner materials and
liner integrity following constructiorthe following items must be provided in any
proposal:

1 Laboratory testing and data listing the percentage amount by volume of
bentonite necessary to be mixed with the soil component to achieve the
listed hydraulic conductivity value.

1 Hydraulic conductity.

1 Liner material density/moisture content relationship.

1 Atterberg Limits- A minimum plasticity index ofenis required for any
clay soil.

1 Sieve Analysis
X No coarse fragments greater tlmreinch (2.54cm) in diameter.
X 50 percentof the soils must pass a NeD0 mesh sieve.

The liner materials to be tested must be compacted to attain a minimum of
90 percentof the maximum dry density as determined by the Standard Proctor
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Test It is imperative that field densities of constructed liners attain the
manufacturesuggestedaboratory test conditions.

For in-situ clay soil linersthe following information isequired in addition to the
laboratory testing data

1 A site plan map must be providemlshowthe soil sample/test locatians
These locations must be keyed to the laboratory test results

1 Testing must be conducted at a minimum frequency of brger ace
evenly spaced @r the areal extent of the site

1 Soil depths must be verified at all test locations by Shelby<atmpling
soil probe or other suitable method and sealed immediately with bentonite.

For synthetic linerghe following information must be provided with all
proposals:

1 composition and thickness

1 hydraulic conductivity

i seam construction
i manufacturerdés recommendati ons on
procedurs

All plans for sites where linessill be constructed should contain information
regarding groundwater elevation$ necessaryspring collector underdrains
should be constructed to convey all groundwater flows away from the liner
These drains should be constructed such thaygeed liner, or subbase
requirements for the specific lin@foesnot negatively impact the drain by
causing finegrained material to migrate and block off the underdraammost
circumstancest is necessary to provide a geotextile covering of the underdra
itself.

All sites using liner types other thansitu liners must include a plan for subbase
or underlying ground material to be compacted to attain a minimum density of
90 percentof the maximum dry density as determined by the Standard Proctor
Test This action will prevent damage to liner systems from consolidation due to
loading during liner construction or loading upon full utilization of the facility.
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3.17.4 Quality Assurancand Testingfor Liners
a) Non-Synthetic

Compaction testing must lperformed for all norsynthetic liners to
document that liner material has been properly compacted to correspond to
the density achieved in laboratory permeability testing.

The iner thickness mustlsobe verified.
b) Synthetic

Testing shall beonducted at a minimum frequency of dgper acre
evenly spaced over the areal extent of the Stethetic liners need only
be tested if installed as part of an impoundmé@iite testing must be done
by one of the following methods:

1 Procedures recomended by manufacturear

1 Filling the structure with water and determining the leakage rate
over a period of at leaBve (5) days with corrections for
precipitation and evaporation.

3.17.5 Operation and Maintenance for Lined Impoundments

Lined pondsequire careful operation and maintenance proceddiesse
procedures must include the following:

1 Inspections A visual inspection must be conducted each month for any
problems with the pond embankmgmbnd inlet dewatering system
sludge accumulation levekater level and pond liner For ponds with a
Chapterl05 Dam Permijtor anapproval from théISHA, more frequent
inspections may be required under those permits.

1 Dewatering- After each storm eventhe pond must be dewatered either
automatically through a passive dewatering device or manually.

i Sediment Remova Accumulated sludge or sediment must be removed
when it reaches the sediment storage leVeis must be doneith
appropriate equipmeygo that the integrity of the liner is protected.

1 Storm Events After eachmajor stormevents)ined ponds must be
inspected to ensure that outlet structures are functioning properly
Dewatering devices and spillways must be inspected to make sured¢hey a
not obstructed
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HAUL ROADS (25PA. CODE 8§ 77.631 77.632 87.8Q 87.16Q 88.60)

Haul roadsare intendedo allow access to the mining operatiphat they can alsmtercept
concentrateanddirect potentially large drainage areas to receiving streams due to the
compaction of theonstructiormaterial Haul roads arelso asource of dustiuring dry periods
The traveling of heavy equipment on the haul roads during these dry periodsreasartbe
amount of airborne duswhich can be a hazard as well as a public nuisance.

Sediment losses from haul roads are some of the highest from any. dSeaeckand

Hainley (1989) reported that sediment yields on unimproved haul roads that weng poorl
constructed and had inadequate drainage facilities were over six times as high as sediment yields
from properly constructed haul roadBhe £dimentyield of 148T/ac for an unimproved haul
roadwasthe highest sediment yield of the mine sites monitbsethe Lhited States Geological

Survey (USGS) The same USGS report indicated that sediment yields from haul roads and

newly reclaimed areas were 1f@0300times greater than the sediment load from agricultural

areas planted in hagastureandcorn.

4.1 Haul Road Construction

The construction of haul roads should begin with removal of thaleoiy the proposed

haul road The soilfrom the road construction should §teckpiledfor later reclamation
Removalof organic materiahids inestablishing and maintaining proper drainage
Whenever possibjdéaul roads should be constructed on sdating slopesas this

reduces surface moisture and results in a safer roaduuatyslopes (side slopes) for haul
roads should not be constructed with slopes steeper thg@®)1unless the slope is
excavated from rockGeotextiles can be used to improve the stability of roads where the
subgrade is poor qualityA roadbase of compacted rock will provide stabilityda

allow drainage A durable dustfree rock surfacenaintains the level dhe road and

moves some water laterally to the roadsidannels

4.2 Location and Cross- Section

The crosssection of the road is important to allproper drainagand prevent
accumulation of water on the road surfad® promote drainage of the road surfabe
road should be sloped or crowned at aboutlmi&inch per foot of width Where the

road iscut into the side of a hjllt is better for safety reasons to slope the road towards
the cut section and runchanneklong the cut slopeFigure4.l illustrates typical haul
road crosssections Regular maintenance is required for all haul roddany passes

with loaded offroad trucks will create @\Vo cross- section which will concentrate flow
in the ruts and direct water to streams and hollows at thedows Getting the water

off the road to the roadsiaddannelsvhere it can be controlldaly sediment traps is the
objective To maintain the haul road,geading and resurfacing of haul roads need to be
done when necessary.
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Figure 4.1.
Typical Haul Road CrossSections

Typical Haul Road Cross Sections

Drainage ditch with Crowned Surface Surfacing
suitable lining, rock check (erosion resistant)
dams and sediment traps.

Typical Cut Section

. Surfacing
Crowned Surface (erosion resistant) Straw bale or
Straw bale or T \ ./ — ilter f
_ [ — / Filter fence

Filter fence \

i

Typical Fill Section

Sloped surface 7
towards cut Surfacing

(erosion resistant)

Seeded and mulched

/ Berm
Cut area /

Seeded and mulched

22

Drainage ditch with suitable
lining, rock check dams and Typical Cut / Fill Section
sediment traps.

4.3 Culverts

Haul roads can intercept significant runatfith the impervious surface of the haul road
adding to the runoff volumeThe uphill roadsidehanneimay need culverts to carry this
runoff under the haul roadrhe culverts should be located so that they only discharge
clean water and must have addquautlet protectionTable4.1: Haul Road Culvert
Spacingmay be used as a guide for determgnepacing of haul road culverts.
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Table 41: Haul Road Culvert Spacing

Road Grade Spacing
feet meters
2.0percento 5.0percent 300 to 500 91.44 t0 152.40
6.0percento 10percent 200 to 300 60.96 t0 91.44
11 percentto 15percent 100 to 200 30.48 to 60.96

(*) Greater than recommended road grade.

When culverts argequired to carry flow from aollection or diversion channahder a
haul road the culvert should be sized to convey the maximum design discharge flowing
in the channel.

See ChapteB, Streams and WetlandSections3.1-8.4 for a review of haul road
crossings of streams.

Permit Application

The location of the haul roanhcluding rockfilters, sediment trapsollectionchannels
and culverts must be shown on #pplicatiorgs Operations MafExhibit 9. All new or
upgraded crossings of all intermittent and perennial streams require a vésrance
distance limitationgndshould be included as part of the public notice.

Certification (25Pa.Code§87.160
The design and construction or reconstructobroads utilized for coal surface mining
activities must be certified by a qualified registered professional engineer or land

surveyor as constructed or reconstructed in accordance with the approved plan.

Public Highway Accesq25 Pa.Code§86.109

There are several issues to be considered when an access or haul road must intersect a

state or township roadrhe intersection should be at a locatwimereadequate sight and
stopping distances can be achievethul roads should not contribute sediment from
channelsor the road surface to the public road.

If the public road is a state highwayHighway Occupancy Permmitustbe obtained
from PennDOT Applications for Highway Occupancy Permits can be obtainedyat
PennDOTDistrict Office andmaybe completed onlineThis permit isseparate fronthe
mining permit It is the responsibility of the mine operator to obtain the required
approval A copy of the approved Highway Occupancy Permit must be providie to
Department prior to activation of the mining perntivenfiexistingd access roads may
require a new occupancy pernficonditions under which thi@xistingd road will be
used are changing.
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The Highway Occupancy Permit regulates the locatiesign safety construction
maintenanceand drainage of the access or haul road to the state Thadmain
concerns that must be addressed include:

1 Placement of the access or haul road in a safe location with adequate sight and
stopping distance for oncongrraffic.

1 Preventing wateflow from the access roaldaul road or mining operation onto
the highwaywhich may cause problems for traffic.

1 Preventing the accumulation of meil, andcoal onto the highwayhatcan
cause hazardous driving conditions.

4.7 Rock Construction Entrance

Where the access or haul road meets the public access road it is recommended that the
first 100feet of the access or haul road be lined with ¢ldarable non-acidic rock

(AASHTO #1)to prevent théransferof mud dirt and coal onto the public road
Alternatively, theoperator could pave the first 18t of haul road and achieve equal or
better results See Figuret.2 illustrates a typicalack constructionentrance

Figure 4.2.
Rock Construction Entrance

Isometric View

Positive grade
for this length.

Minimum length
to culvert 100 feet.

s

| 4 /
Channel / Culvert
(Note: The minimum thickness of

s stone above the channel / culvert
g&z;ngumciipth of must be 12 inches.)

1
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DISCHARGE EFFLUENT REQUIREMENTS

TheDepartment is authorized to regulate discharges to waters of the Commonwealth by the
Pennsylvania Clean Streams Law and its implementing regulatRermsylvanidas

established State water quality standard&biRa.Code Chapte®3, anda National Pollitant

Discharge Elimination System (NPDES) permitting procesedalae the discharge of

pollutants to surface waters of the Commonwe2iPRFa.Code Chapte®2a. The
USEnvironment al Protection Agency hassandevi ev
its State law NPDES permitting prograetating tothe federal requirements establishedhsy

Federal Water Pollution Control Act, more commonly known as the Clean Water Act (CWA).
EPA has delegated authority to administer the NPDES program tsyPesmia. In addition,
Pennsyl vaniads water quality st andTheredose, have
NPDES permits issued by the Department for discharges from noncoal and coal mining activities
meet both State and federal le@guirements

The NPDES permit and the mining activity permit are interdepentetdre reviewed and
processed together. The discharge effluent limits for the various types of discharges are
contained in the NPDES permit.

The Depart ment 0 SDevemmng Natiena Pollugant Didchange Elimination
System (NPDES) Permits for Mining Activiti&$3-2112115), describes the procedures for
establishing effluent limitations and permit conditions for NPDES pernmitsiioe sites.In
generalNPDES permits are issued to comply with bi@thnologybased limitsandnumeric
andgeneral Qarrativg water quality criteria designed to protect receiving stream uses and
quality. Effluent limits established to comply witlater quality criteria are referred to\&ater
Quality Based Effluent imits (WQBELS).

Pennsyl vani ads wat e protectedauifacewater gsésagerctral mardimeric n c | u
water quality criteria for protection of water usasdantidegradation requirementsinder the
antidegradation requirementsising instream water uses and the level of water quality
necessary to protect the existing uses must be maintained and probectddition, for High

Quality and Exceptional Valu&/aters, the quality of the water must be maintained and
protected.In the case ofigh Quality Waters, a reduction in water quality may be allowetief
Departmentinds, after required public participatiothat the reduction is necessary to
accommodag important economic or social development in the area where the waters are
located,and the discharger demonstrates that other existing and designated uses be supported.
the Department has confirmed the presence, critical habitat or critical dependésderal or

State endangered or threatened species in or on a surface water, the Department will ensure
protection of the species and the critical habige Sectio®.2- Special Protection Watersheds
and Antdegradation Analysibelowfor additional informationf an applicant is proposing a

new, increased or additional discharge to a High Quality or Exceptional Value. Water

A fact sheet completed by the Department is required for all draft NPDES petfis. Code

892a.53). The effluent limits and the methodology used to determine the limits and any specific
permit conditions should be documented on the fact sheet.
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Discharge Effluent Standards(25Pa.Code 8 92a.12)

The regulation of dischargés suface watergsrom coal and noncoal miniragtivities is
mandated by thedéleral CWA, and the Pennsylvania Clean Streams Law. The CWA
establishes a program that is implemented with a NPDES permit. The discharge effluent
standards for different types ofsdharges that are contained in the mining permit are part
of the NPDES permitting system

There are twdlifferent types of discharge limitations that apply under the CWA:
i The minimum federal technologyased effluent limitations and,
1 P e n n sy IWaterQualityéBased Effluent LimitationsW/QBELS).

In general, @échnologybased effluent limitations are uniform standards that apply to
classes of discharges. These limits are based on the technological and economic capacity
of an industry to contrgbollution and are referred to as Best Available Technology
(BAT). Coal mining discharges and noncoal dischauegch have their own separate
Effluent Limit Guidelines (ELGs).Water qualitybased effluent limitations are based on
water quality standardbat are necessary to protsotfacewater.

5.1.1 Coal Mining Discharges

For coal miningthere ar@wo different types of discharge limitations that apply
under the CWABATSs basedeffluent limitations and WQBELsBoth are
technologybasedeffluent limitations andare uniform standards that apply to
specific industry categories of discharges.

The technologybased limitationsnay not be adequate to addrtdss effecs the
mining discharges will have on the receiving stream, nor do thegmearthat

the goals of the CWA will be met. Therefore, the water quality based effluent
limitations @5 Pa.Code Chapter96) focus on the environmental effects that the
discharge will have on a stream. They are designptbtect andnaintain the
exiding uses of the stream and may result in stricter limits on additional
parameters. The BAT standards assigned to a permit cannot catream
standards for the regulated use of the stream to be exceeded. In many instances,
the receiving stream canaapt additional loads without exceedingvitater

guality standardsIn cases where thveater qualitycriteria would be exceeded,
the Department, through the NPDES permitting process, is requirpg@ltctiae
more stringent water qualdlyased effluent titation.

The BAT effluentlimitations for active coal mining discharges are set forth in

federal regulation 4CFR Pard34. The effluentimitation standards are found in
25Pa.Code Chapters37-88, and shown in Tabk1.
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Table 5.1 Summary of BAT Limitations for Coal Mining Activities:
Discharge Limitations Grouping from 88 87.102 and38.92

Summary of BAT Limitations for Coal Mining Activities: Discharge Limitations
Grouping
Daily .
Group A 30-Day Average : Instantaneous Maximum
Maximum
Iron (total) 3.0 mg/L 6.0 mg/L 7.0 mg/L
Manganese (total) 2.0 mg/L 4.0 mg/L 5.0 mg/L
Suspended Solids 35.0 mg/L 70.0 mg/L 90.0 mg/L
pH Between 6.0 and 9.0 at all times
Alkalinity Greater than acidity at all tirme
Daily .
Group B 30-Day Average : Instantaneous Maximum
Maximum
Iron (total) 7.0 mg/L
Settable Solids 0.5 mL/L
pH Between 6.0 and 9.0 at all times
Alkalinity Greater than acidity at all time
Daily .
Group C 30-Day Average . InstantaneousMaximum
Maximum
pH Between 6.0 and 9.0 at all times
Alkalinity Greater than acidity at all time

5.1.2 Noncoal Mining Discharges

The effluent limiationguidelines for noncoal mining are found at federal

40 CFRPart436 (Tables.2- Summary of BAT Limitations for Noncoal Mining
Activities by Types)teabniweda Devgapingd aec &
National Pollutant Discharge Elimination Systé@iPDES) Permits for Mining

Act i vi t-21¥41%). ( 56 3
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Table 5.2 Summary of BAT Limitations for Noncoal Mining Activities by Types:
Discharge Limitations from 40 CFR Part 436

Summary of BAT Limitations for Noncoal Mining Activities by Types
40 CFR | TechnologyBased Requirements| Additional PA
Type of Noncoal .
Mining Activit 436 30 Day Avg| 1-Day M Requirements
g y Subpart ay Avgl  -bay viax (See Note 1)
Crushed Stone TSS 35/70 mg/l
(Limestonequarries and B pH* 6-9 at all 6-9 at all times Use of std. E&S
crushing/sizing times practices and BMP
operations) controls
Construction Sand and
Gravel TSS 35/70 mg/l
(aggreg_ate for general C pH* 6—9 at all 6-9 at all imes Use of StdE&S
construction purposes, ¢ times practices and BMP
materials to be used ag controls.
fill)
Industrial Sand
(Non-construction uses TSY 45 mg/l Use. Of SIAE&S
) D . 25 mg/l : practices and BMP
such as refractories, pH 6-9 at all timeg
: i controls
abrasives, glass making

Notel: Additional effluent limits, E&SC practices, and BMP controls to be evaluated on a
caseby-case basis, considering the type(s) of discharges present and additional WQ protection
needs.

(*) within the range of 6.0 9.0

All of the other NPDES requirements also apply to setting effluent limits at
non-coal mine sites. These include WQBELs found in Sed&iartWater

Quality Based Effluent Limits (WQBELsReasonable Potential Analysis (RPA)

in Section5.1.6, and Total Maximum Daily Load (TMDL) in Sectibrl.7.
25Pa.Code§ 77.522 includes a requirement for pHQ®9.0) and f ot her
parameters the Department may requir€or precipitatioAnduced disharges,

limits are expressed as instantaneous maximum values only. For continuous
discharges, (i.e., discharges that occur throughout the operating hours of the
facility) limits must be expressed as a monthly average and daily maximum.
Effluent charactezation should identify pollutants of concern for the specific
mining operation. Separate characterizations are needed for stormwater and
pumped discharges. Effluent limits for noncoal operations typically include iron,
manganese, and aluminum if in tte@al measuresOsmotic pressure, total
dissolved solids, sulfate, chloride, and temperature limits may be applicable to
certain discharges.

Due to earth disturbance related to noncoal mining, sediment is a major pollutant
of concern.Historically, the 35/70/9@ng/lI Total Suspended Solids (TSS) limit

has been applied to sediment discharges from noncoal mines. This has proved to
be effective at preventing-stream impacts in most cases. While there is no
numeric criterion for any sedientrelated parameter, the narrative water quality
criteria require the control of substances that produce turbidity osdttbasto
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form deposits In the absence of any other indicators, TSS is generally used to
represent turbidity and settleableidsl Reference values of 0WL/L settleable
solids and 90ng/l TSS (instantaneous maximufrym ChapteB87 are generally
used as limits for noncoal mine outfalls from sedimentation po&de25 Pa.
Code88 87.102(a)and77.52Za)(2).

Stormwater controls typically receive both TSS limits addressing turbidity and
settleable solids limits addressing settling. TSS limits apply to discharges during
dry weather and more than Bdurs after a precipitation event. Settleable solids
limits apply within 24 hours of any precipitation events. Pumped discharges are
assigned the TSS limihowever, he settleable solids limit does not apply because
the volume opumpedwater to be treated is not necessarily related to storm
events. For stormwatand pumped discharges resulting from events larger than
the 1Qyear, 24hour storm, the TSS and settleable solids limits do not apply.
Typical stormwater discharge limitations are shown in Talde Stormwater
Discharge Limitationgelow.

Table 53: Stormwater Discharge Limitations

Parameter 30-Day Average Daily Maximum In:/fan.taneous
aximum
Total Suspended
Solids 35 mgll 70 mg/l 90 mg/l
Total Setteable 0.5 mL/L Instantaneous Maximum
: (Sampled within 24ours of a precipitation event, lieu of total
Solids .
suspended solids.)

Any discharges resulting from a precipitation event exceedingyadi 24hour
precipitation event are not subject to total suspended or settable solid requirem

pH

Between 6.0 and 9.0 at all times.

5.1.3 Types of Discharges

Pit water discharge is discharge of water that accumulates in surface pits and
excavations due to precipitation events or the inflow of groundwater. They may
be intermittent in nature or continuous in areas of aburgtanhdwater. Gravity
drainage of pit water is not allowed; the water must be pumped to a treatment
facility and meet required effluent limits.

Contact water is surface water that has come into contact with coal stockpile
areas, or other acid forming magéds. It also must be collected, conveyed to a
treatment facility, and treated T@ble5.1 GroupA (dry weather) effluent limits.
Sedimentation basins that receive contact water require treatment to theAGroup
effluent limits. See Tablg.1 BAT Limitations for Coal Mining Activities:
Discharge Limitations Grouping fron887.102 an@8.92

Process water is water used in the washing and processing of coal or industrial
minerals. Process water may be very high in suspended or dissolved solids.
Treatment consists primarily of collection, settling, and reuse in a closed loop or
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recirculating system. Flocculants may be needed to provide water suitable for
reuse in the system. A completely closed loop system does not generate any
discharge. If theres a discharge, it would have to méeible5.1 GroupA limits

or be subject to a more stringent limit.

Stormwater discharges are completely in response to precipitation, and from
vegetated areas, sandrock/overburden without acifbrming materials
Precipitationinduced stormwater discharges are subjetitae5.1 GroupB
andC effluent limits (Sedable5.4 for discharge limitations for specific
situations). The Department also laaspecifictNPDES General Permit (GR04)
(for stormwater from mine sites). TKBP-104applies to miningelated earth
disturbances of one acre or greater which ordgltarge stormwater and are not
in special protection waters.

Table 5.4: Discharge Situations and Applicable Discharge Limitations for Coal Mining

. o Effluent
Type of Discharge Precipitation Events Limitations

Pit Water from surface mines All Group A
Surface runoff from active mining arez Dry weather Group A
and from areas where Stage 2 Less than or equal to d@ear, 24hour Group B

reclamation standards have been storm P

achieved Greater than 1§ear, 24hour storm | Group C

Dry weather Group A

All other discharges Leaiyen or eclt:(?rlntqo Hear, 24hour Group B

Greater than 1§ear, 24hour storm Group C

5.1.4 Water Quality Based Effluent Limits (WQBELS)

WQBELSs focus on the environmental effects that the discharge will have on a
streamif the technology limitations are not protectiv€hey are designed to

protect andnaintain the useof the stream and may result in strictftuent

limits andapply toadditional parameters. The BA&ffluent limitationsassigned

to a permit cannot cauggceedances afistreamwater qualitystandards In

many instances, the receiving stream can accept additional loads without
exceedingvater qualitycriteria. In cases whetbe BAT effluent limitations are

not protective and water qualityiteria would be exceeded, the Department,
through the NPDES permitting process, is required to assign the more stringent
WQBEL.

The need for WQBELs will be evaluated by thepartment in its review of the
NPDES application by modeling the proposed discharge and the receiving stream.
Modeling may be done using PennTOX software that evaluates the effect of the
discharge at €i0(7 day mean flow rate 10-year return period)lw flow

conditions Forpredominately precipitatiemduced dischargesnodeling may
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also be based on a water quality spreadqnestie available to the applicant
through the Departmentyhich compares the contribution of the mine site relative
to the wagrshed area of the reciig stream using a mass balaapproach.

The components of the mass balance equation are background stream flow,
background stream concentration of the pollutant of interest (usually Al, Mn, or
Fe), design average flow of the clisirge, concentration of pollutant in the
discharge, and the applicable pollutant criterion.

The background stream concentration is computed by averdigiagplicants or
other published dataThe average design flow of the discharge is based on the
information provided in the permit application. The total flow is the sum of the
upstream flow and that of the discharge. In most cases, when the effluent
limitations are being computed, theate flow of both the stream and the
proposed discharge aredwmn. The unknown is the concentration of waste in the
proposed discharge. Effluent limits can be modified by adjusting the size of the
operational area. For example, reducing the maximum operational area will
decrease the size of the discharge reldatve receiving stream, allowing for
more dilution and potentially ade restrictive effluent limit.

Mass Balance Equatior@rCr = QsCs + QpCp

Where:
Qs = Flow rate of the receiving stream
Cs = Upstream background concentration
Qp = Wastewater discharge rate
Cp = Concentration of pollutant in the wastewater discharge
Qr = Resulting downstream flow rates{® Qb)
Cr = Resulting downstream pollutant concentration

Solving for G gives the required effluent limit:
Co = [QTCri1 QsCs)/Qp

This mass balance procedure is conservative in that it does not consider chemical
reactions or removal from solution in the form of a gas or a solid. If several
instantaneous samples are taken onavmaore days, they are averaged for each
day, andhe maximum of these averages is the daily maximiffluent limits

can be modified by adjusting the size of the operational area. For example,
reducing the maximum operational area will decrease the size of the discharge
relative to the receiving strem allowing for more dilution and potentially a less
restrictive effluent limit.

Additional information on determining WQBELSs using this method can be found
in the Departmentds technical guidance
Elimination Systenf NPDES) Per mits f or-21MlI5) ng Act
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5.1.5 Effluent Characterization

NPDES regulations require that the applicant characterize the wastewater to be
discharged. Any parameters that may reasonably cause an exceedance of
in-streamwater quality criteria must also be given a WQBEL. This procedure is
called effluent baracterization.

The regulations &5 Pa.Code§ 92a.21 which incorporates /FR122.21
(wastewater) anf 92a.32 which incorporates FR122.26 (stormwater)

require that an applicant submit an effluent characterization (i.e. identifying what
pollutants are expected to be discharged) as part of the permit application. The
Application for Individual NPDES Permit Associated with Mining Activities
(5600PM-BMP0032) intudes effluent characterization requirements in
SectionD. The goal of effluent characterization is to assure that the nature and
guantity of pollutants in the effluent, as well as their effect on the receiving
waters, is fully evaluated during the apption review and permit development
process.

Resources are available to assist both the applicant to determine if a pollutant
should be expected to be present in the effluenttaibepartmentn reviewing
this information. These resources include:

1 TheiDevel opment Document for Effl uen
Standards for the Coal Minil@8g), Poi nt

1 Datafrom adjacent or similar sites,

1 Datasets collected by the UGeological Survey (USGS) as part of a
survey of coal nme discharge characteristics in Pennsylvania, and

1 Data collected by the Pennsylvania Coal Alliance and the Pennsylvania
Aggregates and Concrete Association.

The pollutants for which sampling may be required are listed in various categories
in AppendixD of 40CFRPart122. For new discharges, the applicant can predict
the expected effluent using nearby existing discharges that are comparable to the
anticipated new discharge. For example, discharges from other nearby and
similar miningoperations on the same coal seams can be used to characterize the
expected water quality from the new discharge. The wastewater characterization
must address all of the pollutants reasonably expected to be present in the
discharge. These pollutants adentified in 40CFR122.21(k), and the tables in
AppendixD to 40CFRPart122. The application must also identify the expected
discharge (flow) volume.

Upon issuance of the permit, the permittee must sample the treated effluent from
each discharge for the above pollutants within y&ars of when the discharge
starts. This sampling will be used to determine the accuracy of the initial

5630300101 / DRAFT / Pagé4



FOR DISCUSSION PURPOSES ONLY MRAB

discharge characteation. For renewal of existing permits, this sampling should
be used for a review of effluent characterization.

Under Sectio®02(k) of the Clean Water Act, 42S.C8§ 1342(k), an NPDES
permit provides authorization and a shield for the dischargeedbtlowing
pollutants resulting from facility processesaste streams afat operationsat
specified outfallghat have been clearly identified in the permit

1 Pollutants specifically limited in the permit or pollutants which the permit,
fact sheet oadministrative record explicitly identify as controlled through
indicator parameters,

1 Pollutants for which the permit authority has not established limits or
other permit conditions, but which are specifically identified in writing as
present in facilitydischarges during the permit application process and
contained in the administrative record which is available to the public, and

1 Pollutants not identified as present but for which constituents or waste
streams, operations or processes were clearly fesehiin writing during
the permit application process and contained in the administrative record
which is available to the public.

5.1.6 Reasonable Potential Analysis

For new discharges and upon NPDES renewal, the Department must conduct a
reasonable pential analysis (RPA) for each discharge. This analysis must

consider all factors or parameters that may causentribute to an excursion of
in-stream criteria. There are various ways to determine if there is a reasonable
potential for a discharge tmuse or contribute to a violation of thesineam

limits. If any of these approaches conclude that there is a reasonable potential, the
permit will include appropriate WQBELs. Any parameters that have potential to
cause an exceedance must have anegffllimit. Common parameters that could
potentially result in additional effluent limitations may include osmotic pressure,

total dissolved solids (TDS), sulfate (§Cchloride (CI), and selenium (Se),

depending on overburden characteristics, alkaliniiad, depth of mining, flow,

and water quality of the receiving stream. The Department will develop a draft
NPDES permit, including proposed effluent limits, which is then published in the
Pennsylvania Bulletifor comment by the applicant and the pablMore

i nformation on setting effl ueachnicdli mi t s
g u i d @DevelepingiNational Pollutant Discharge Elimination System
(NPDES) Permits f or-21Ml%). ng Acti vitieso

5.1.7 Total Maximum Daily Load (TMDL)
Streams that are impaired for one or more water qusiitgdardare placed othe
De p ar t 30¥d) listbokimpaired waters. For these streams or stream
segments, the Department must determind MBL necessary to implement the
applicable water qualitgtandards A TMDL assigns waste load allocations
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(WLAS) to all permitted dischargeand theWLA is the loading allocated to

existing and future point sources. A point source discharge is a pollutant source
regulated under the NPDES permit systefhe TMDL development process

results in a TMDL document which defines the maximum allowable dzaky for
discharges. When a new discharge is proposed in a watershed with an approved
TMDL, the discharge must comply with the maximum load mandated by the
TMDL, in addition to BAT. WLASs serve as thbasisfor developingVQBELSs.

Waste load allocations wde obtained in several ways:

1 Using anassignedVLA built into the TMDL.

1 Reassignment of WLAs from reclaimed operations that are no longer
needed by that operation.

1 Showing an offset from other pollution sources thiditbe abated by the
permittee(demonstrating an offset ndbe time consuming and comp)ex

If no WLA is available, then the permit applicanay employ a nordischarge
alternative or discharge at-gstream criteriadepending upon the pollutant in
guestion If a nondischarge alternative is used, a-preatment standard of BAT
and any WQBEL will be applied to any water to be handled.

In many existing TMDLS, a typical WLA for precipitationduced disharges of

iron (Fe), manganese (Mn), and aluminum (Al) at BAT effluent limits is based on
a 40acre operational area. Smaller or larger operational areas would require
proportionally smaller or larger WLAs in order to discharge at the same effluent
limits. For example, a surface mine with ara8@e operational area might

require reassignment of tWyLAs from rechimed surface mines that had-d€re
operational area. TMDLSs are watershed specific, so therefore it is important to
review the TMDL for the gecific watershed of concern.

For remining operations, Tit25, ChapteB7, SubchapteF (Subchapte® in
anthracite regulations) discharge points are not subject to WLAs because the
pollution is counted as part of thenpoint sourcéoad Allocation (LA rather

than thepoint sourcalVLA. Therefore, SubchaptBfG discharges do not

generally require ®&/LA. In addition, there is a presumption that the remining
operation will ultimately reduce the premining pollution load. If for some

reason the SubchaptefG discharge exceeds the jpeenining baseline, then any
additional pollution load may be subjgco T MDL | i mi t s . See
remining regulations &5 Pa.Code & 87.207 and 88.507.

Manganese

Certain provisions of the regulations allow for the exemption of manganese limits.
Specifically,25Pa.Code & 87.102(c)(2) an@®8.92(c)(3 exempt manganese if

the raw water without treatment has a pH greater @i@and iron less than

10mg/l. Similarly,25Pa.Code8 87.102(e) does not require a manganese limit.

A manganese limit is still required if the discharge may causeéam
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marganese to exceed the Chap@8mater qualitycriterion of 1.0mg/l or if the
receiving stream has a TMbBhhased manganese limit.

Antidegradation Analysis

Chapter93 of Title 25 of the Pennsylvania Code provides for the protection of water
uses.Wate usesdescribed in sectior#s.3 and®3.4, include quality life, water supplies,
recreation and fish consumption, and special protection water uses.

Pennsyl vani ads ant i28RagodaS®a4a(b)cayuire thajaxistiagt i o n
instream water uses and the level of water quality necessary to protect the existing uses
shall be maintained and protected. For streams that are High Quality Waters (HQ) or
Exceptional Value Waters (EV), referred t
Department is required to protect the existing water quality of those waters. In addition,

the Department will ensure protection of federal or state threatened and endangered
species and their critical habitat in or on any surface water. The currerficdsissi of
streams can be viewed on the Department6s

In most instancesfreams designated by the PFBC as Cha¥¥ild Trout Streams also

qualify as HQ watersIn addition to the antidegradation regulations, the bituminous and
anthracite surface coal mining regulatig®s Pa.Code & 87.138 an@®8.62) further

require that the applicant identify fish and wildlife resources within the proposed permit
area and adjacent areas as well as habitats of unusually high value and teproduc

areas. These chapters require a Fish and Wildlife Protection and Enhancement Plan that
describes the protective measures that the operator will use during the active mining
phase and the enhancement measures that will be used during the reclamdation a
postmining phase.

The Department, with input from thefnsylvanid=ish and Boat Commission, considers
streams that support naturally reproducing trout as one example of a resource that

requires the added protection and enhancement of the regulatieaisabove. The

Department recommends that the protection and enhancement plans incorporate

additional erosion and sedimentation control measures, which include but are not limited

to sediment impoundment capacities of 8,88@c and the appropriate Asegradation

Best Available Combination of Technologies (ABACT) measures identified for mining in
AppendixD of t he Departmentds guidance docume
| mpl ement ati o+30B03d).danceo (391

Chapter3 requires that permit gplicantproposing a nenincreased or additional
discharge to Special Protection waters shall first evaluatelischarge alternatives as
part of anantidegradatiomnalysis. Nordischarge alternatives must be implemented if
they are environmentally sod and coseffective. Nordischarge alternatives that could
be used on surface mine sites include, alternative project siting, discharging to a
nonspecial protection watershed, infiltration galleries or land application, injection,
recycling/reuse of war onsite.

If all discharge®f surface water, treatment water, and groundwater can be addressed
without creating a discharde a surface watde.g.nondischarge alternativisthen the
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permit review can continue. If not all the discharges can beessietl by nodischarge
alternatives, then the applicant must demonstrate that the discharge will maintain and
protect the existing quality of the receiving streams by using Antidegradation Best
Available Combination of Technologies (ABACTJhese technologies must be
identified in the permit application.

If, after completing the demonstration for ABACT/BMBw ABACT/BMPs are not
sufficient to protect the existing surface water qualitgt the receiving water is a HQ
Water, theapplication may complete the portion of the permit application relating to
Social or Economic Justification (SEJ). If the receiving water is EV, then the permit
review will not proceed. In HQ ¥aters only, the Department may allow a reduction in
water quality if itfinds, after satisfaction of intergovernmental coordination and public
participation requirements, that allowing lower water quality is necessary to
accommodate important economic or social development in the area in which the waters
are located. The mimg program implements the review of proposals in special
protection watersheds by using the Antidegradation Supplement for Mining Permits
(5600PM-BMP0007).

5.2.1 Antidegradation Analysis

An antidegradatiomnalysis must be conducted for all proposedingj operations
| ocated within HRAntidegradd&idSupptementrios Mirind s . f
Per mi t sPM-BIMP0B0@)0nust be used in all cases where a mining
operation is proposed in a special protection watershed.

Preapplication discussions are readr It is recommended that a meeting be
held with the Technical Services Chief of the appropriate district mining office to
discuss the proposed ndischarge alternatives evaluation. Secfiaf the
AntidegradatiorSupplement must be completed andeesxdd by thédepartment
prior to completing Sectio®. If nondischarge alternatives will be used to
address all potential discharges from the proposed mining operation, Secfion
the Antdegradation Supplement does not need to be completed. The
implementation of the nowlischarge alternatives must be described ireth8CP

of the mining permit application and in the NPDES permit applicatibmwever,
any discharges not addressed by-d@mtharge alternatives must be addressed in
Section2.

The SEJ or Water Use Demonstratiearm (5600PM-MR0028) should only be
completed after the Department has concluded its review défrtidegradation
Supplement for Mining Permits and confirmed that an SEJ was necessary. The
SEJ request should be detdiknd inclusive and not refer to other parts of the
application. The SEJ request will be evaluated bydiyeartment and the
applicantwillbeinforrrd of t he Departmentoés deci s

5.2.2 NonDischarge Alternatives Evaluation

Environmentally sound and cesffective alternatives must be used to eliminate
or reduce new, increased, or additional point source discharges to HQ or EV
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waters. Nordischarge alternatives may also be employachpairedstreams
where no waste load altation is available. Potential ndischarge alternatives
for mining operations are as follows:

a) Alternative project siting (in whole or in part): This alternative is
generally not feasible for mining projects since the coal or mineral to be
mined cannbbe relocated outside the special protection watershed.

b) Alternative discharge locations/discharging to another-gpatial
protection) watershed: This alternative could be used for mining
operations where the proposed mine site is located near oe boundary
of a nonspecial protection watershed. The proposed discharge(s) could
be conveyed outside of the HQ or EV watershed.

C) Infiltration - galleries or land application: Although infiltration or land
application of treated water from mine sites barfeasible at some mine
sites, its use should be limited to sites with minimal discharge quantities
and suitable soil and geol ogic cond
document AManual for Land Applicat]i
Wa s t e w3622000009)(should be consulted for further guidance
when evaluating an infiltration system alternative.

d) Limiting disturbed area (vertically or horizontally), extent and/or duration
of mining: Limiting of disturbed area is feasible and encouraged @b mo
mine sites and is strongly recommended on sites within special protection
watersheds. Prompt backfilling and reclamation of mine pits is also
recommended to prevent the generation of acidic mine drainage.

e) Recycling/reuse of water onsite: Water caldekin sediment basins and
traps can be used for dust control on haul roads and stockpile areas to
reduce the volume of water that is discharged from the mine site.

f) Constructed treatment wetlands: Although they are more commonly used
on reclaimed or abaioned sites, passive treatment wetland systems could
be used to provide additional treatment of discharges from active mining
operations.

s)) Holding facilities and/or wastewater hauling: Due to the potential for
large quantities of surface water runoff aighmine sites, this alternative
is usually not a feasible option. It may be feasible for certain small
noncoal operations where all of the runoff is contained within the mine pit.

) Injection: Deep well injection is an alternative that can be used fongni
operations. It has been shown to be feasible for certairtésng
industrial mineral operations located in areas with the appropriate geologic
conditions. Two permits are required before a disposal well may be
constructed and operated. A well pérander thePennsylvania 2019il
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and Gas Act and an Underground Injection Control (UIC) permit fram
United States Environmental Protection Agency (EPA).

)] Vegetated riparian buffers: Coal and industrial mineral surface mining
activities araequired to maintain a minimum 1800t buffer along
perennial and intermittent streams. In HQ or EV watersheds, stream
variances to the 16foot buffer are only permitted if the proposed mining
activity will result in an environmentanhancement or for minor
activities such as channels or stream crossings. Stream channels in HQ or
EV watersheds may not be relocated to accommodate mining activities
unless the relocation results in environmental improvement.

k) Specific pollution preventin processes: Examples of pollution prevention
alternatives for mining operations include alkaline addition plans and
overburden special handling plans that prevent the generation of acidic
mine drainage. For further guidance on alkaline addition, tefire
Departmers gui dance document AAl kaline
Mi nes e211AH.3

)] Other(s): The Department will review and consider additional alternatives
that are proposed by the applicant.

If none of the above alternatives either bgrtiselves or in combination, eliminate

all discharges from the proposed mine site, the applicant must provide
documentation of the feasibility analysis and cost data as justification. Refer to
Chapter7 of the Departmeid g ui dance document AWater
Antidegradati on | mpl -8630E002) fart descripticBofi d a n c
how to evaluate the cosffectiveness of nedischarge alternatives.

Discharges from Emergency Spillways

During storm events larger than the design storm capacity basie, there may

be a stormwater discharge from a sediment basin emergency spillway in spite of
the fact that the permitag writtenas a nordischarge permit. In these cases, the
applicant may do an analysis that compares the water quality of the eayergen
spillway discharge with the water quality of the receiving stream. If it can be
clearly demonstrated that the emergency spillway discharge would be of better
water quality than the receiving stream, then the discharge could be considered as
nondegradng. Otherwise, sediment basins must have a sufficiently large

capacity to prevent any potentially degrading discharge from the emergency
spillway.

Point Source Discharge®ABACT and SEJ Analysisin Special Protection

Watersheds

If a point source didwarge is anticipated, then the applicant must complete S&ctibn

the AntidegradatiorSupplement. In Sectidhof the suppleent, the applicant must

demonstrate thahe resulting discharges withaintain and protect the existing quality of
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the HQ or EMwaters Using existing monitoring data, the applicant must calculate the
required effluent limits, through a mass balance, for the discharge to {akeg@ading.

Refer to ChapteB of the Departmefd g ui dance document fAWat el
Antidegradation Imp e me n t a t-03G®-008) (WA )Lfor a description of the
Depart ment 6-®egiagason of Water QUdlidyn The applicant must also

identify the combination of Best Management Practices (BMPs) that will be used during
the proposed mining operatido achieve a nedegrading discharge. P#&tof the
AntidegradatiorSupplement lists 2BMPs that may be used. The critical question is
whether the ABACT BMPs are sufficient to protect the existing surface water quality. If
the answer is yes, then the project review may proceed; if the answer is no, and the
project is bcated in a HQ watershed, then an SEJ may be submitted. If the answer is no,
and the project is located in an EV watershed, the project cannot proceed.

If, after evaluating ABACT, the applicant cannot demonstrate it will have a

nontdegrading discharge, then the applicant may submit a SEJ and demonstrate that the
resulting discharges to HQ Waters are necessary to accommodate important economic or
social development in the area in which the waters are located and that a reduction in
water quality will support applicable existing and designated us2s ta.Code§ 93.3,

Tablel. ThefiSocial or Economic JustificaticendWater Use Demonstration
Application/5600PM-BMP002& should only be completed after the Department has
completed & review of the Antlegradation Supplement for Mining Permits and

confirmed that an SEJ is necessary. The SEJ request should be detailed and inclusive and
not refer to other parts of the application. The SEJ request will be evaluated by the
Departmentash t he applicant will be informed of
Figures5.1 and5.2 are flow charts detailing the permit review process for discharges for
special protection watersheds.
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Figure 5.1.
Generalized Permit Review Process foProposed Discharges to HQ Waters

DEP provides preliminary effluent
. limits based upon the more
PrOJeCt Proposed protective ABACT or maintenance of

instream quality

Is the affordable, environmentally sound

Does environmentally Is environmenmlly nondischarge altemative(s) cost-effective Implement environmen_tally
sound' nondischarge sound nondischarge | when compared to the nondegrading sound and cost-effective
altemative(s) exist? altemativels) discharge altemative using the Direct Cost nondischarge altemative
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Figure 5.2.

Generalized Permit Review Process for Proposed Discharges to EV Waters
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Infiltration : Galleries or Land Application

Under appropriate circumstancadjltration systemsnay qualify asnondischarge
alternativedor mine sites in special protection watersheds angurairedstreams that do
not have an available Waste Load Allocation. These systarasbe designed to
prevent a discharge to surface water, especialBptrxial Protection waters ionpaired
streams. Sample ports are required on the outlets of sedimentation ponds to verify
compliance. In addition, treatment ponds are sampled wifitrating to verify
compliance.

Choosing the appropriate infiltration system for a proposed mine site depends on many
factors. These factors include:

1 Quality and classification of the receiving stream,

i Distance from infiltration area to the stream,

1 Expected life omining operation,

1 Size of drainage area to the sediment pond or pumping rate to treatment pond,
1 Distance to privatevells or onlot sewage systems,

1 Seasonal operationaltsedule of mining operation, and

1 Soil type and condition in infiltration area.

54.1 Site Evaluation and Soil Infiltration Testing

A thorough investigation of the proposed infiltration area is the first step in the
design of the infiltration system. The soil type and condition need to be
determined at the outseRublished data frorthe NRCS county soil surveys, or

soil maps obtained from The Pennsylvania State University may be used to
provide the necessary soil types and infiltration rates. In this case, the lower end
of the range of infiltration rates given by the NRCS manuallshioe used. Site
specific soil type and infiltration rate data may be required by the Department or
provided by the applicant depending on site factors such as watershed
designation, location, local geology, topography, expected life of mining, etc.
This may require a qualified soil professional to determine soil types and
infiltration rates and provide the required data needed to design the system. This
requirement is at the discretion of reviewing mining office.

The investigation should start with a review of published literature and online
information concerning soil types and infiltration raté&ext, a site investigation

of the proposed infiltration area is conducted to look for any limiting factors, such
as pevious disturbance, sinkholes, rock outcrops, or conditions in conflict with
the published data. The next step is to determine the infiltration rate, either
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through onsite infiltration testing or through a literature review, depending on the
factors lised above.

There are twdypes of infiltration systems: surface and subsurface. Examples of
surface infiltration systems include perforated pipe level spreaders, level pipes
with perpendicular perforated pipes, infiltration basins, and spray irrigation
systems. Examples of subsurface systems include infiltration beds, similar to a
sewage leach field, and infiltration trenches. Regardless of the system chosen,
there must be a valve at the pond outlet to regulate flow and a sampling port to
assure thatrdy water in compliance is released to the infiltration system

After the infiltration rate has been determined, a certain percentage of that rate
should be used for design purposes. Fifty percent is usually the starting point, to
account for variable aatedent conditions, but if site conditions or usage
conditions warrant, then a lesser value, should be used.

Surface Infiltration Systems

Most surface infiltration systems on mine sites are either the perforated pipe level
spreaders (Figre5.3) or a level manifold with perpendicular perforated pipes
(Figure5.4). Both systems rely on many small holes discharging water at a rate
that will infiltrate into the soil, rather than create surface flow. Detailed drawings
and crosssections of the propodenfiltration systems must be submitted along

with supporting design calculations.

The calculations involve the infiltration rate and the amount of water to be
removed from the pond over the dewatering time. The infiltration rate is usually
expressed asches/hourand the dewatering rate can be determined from the
settling volume of the pond divided by four days for special protection watersheds
or sixdays for nonspecial protection watersheds.

1 In/hr. x (Conv. Factor) = gal/mift?
1 Dewatering volume/4 days x (Conv. Factor) = gal/min
1 Dewaterng volume/infiltration rate $?2 of infiltration area required

The following items should be addressed when designing the proposed system:

1 The system mudie adequately sized to infiltrate the expected flows. For
sedimentation ponds, the system must be able to dewater the basin within
4-7 days of the storm event; for treatment ponds, the system must be able
to handle the flow from the pit pump.

1 A valve andsampling port or tap must be placed between the

ponddewatering pipe and the inlet to the infiltration system. The valve
may not be opened until the pond water meets the applicable limits.
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1 The level spreader pipe or manifold pipe must be installed &kl
securely fastened in place.

1 The natural soils may not be disturbed. No excavation, disturbance, or
compaction of soils should be allowed in the proposed infiltration area.

1 The infiltration area should have a gércent or flatter slope.

1 Disturbane of the existing vegetation within the infiltration area should
be restricted to the amount necessary to install the system.

1 The pipe network may be covered with clean stone to protect it.

1 The infiltration system must not be used when the ground wttiein

infiltration area is frozen or saturated.

Figure 5.3.
Perforated Pipe Level Spreader

NOTES:

1. MINIMUM PERFORATED PIPE LENGTH IS 100"

2. SIZE AND PLACE PERFORATIONS ALONG THE PIPE TO
ENSURE THAT WATER IS DISTRIBUTED THROUGHOUT THE
LENGTH OF LAND APPLICATION SYSTEM.

PVC DE-WATERING PIPE

CLEANOUT

3.

>

o

o

~

PERFORATED TEE
AASHTO #57 UNCOMPACTED STONE

ENSURE THAT FLOW BELOW THE SYSTEM DOES NOT
BECOME CONCENTRATED BY SILT FENCE, MANMADE
BENCHES, OR NATURAL DRAINAGE PATHS.

REQUIRED INFILTRATION AREA IS TO BE DETERMINED
BASED ON THE RESULTS OF INFILTRATION TESTING
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Figure 5.4.
Level Manifold with Perpendicular Perforated Pipes

Sedimentation Pond / Treatment Basin
Discharge Manifold

NOT TO SCALE

4” PVC from sedimentation pond
drawdown pipe or treatment
pond outlet.

4” Flexible hose

/ Sample valve

Watertight
connections
4” PVC distribution manifold

/ (manifold must be level)

\ — /

connections.

Note: Size and spacing of /

perforations to be determined
by infiltration calculations.

Sealed

/ end of pipe. \

5.4.3 Subsurface Infiltration Systems

Infiltration trenches and infiltration fieldparallel trenches) require an area where
trenches with level bottoms can be excavated. These trenches are usually from
4.0to 10.0feet wide, within the soil profile tested. The perforated pipe is set in
crushed stone (#& larger) in the middle of theep of the excavated trench.
Crushed stone may be placed over the perforated pipe for protection. Detailed
drawings and crossections of the proposed infiltration systems must be
submitted along witlsupporting design calculationSigure5.5).
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Figure 5.5.
Infiltration Trench (PADEP Stormwater Best Management Practices Manual)

SMOOTH LINED CORRUGATED PLASTIC PIPE (SLCPP).
WITH X" PERFORATIONS SPACED AT X' ON CENTER.

NOTES:
IMPERMEABLE CLAY BARRIER

1. ALL PIPES IN GALLERY SHALL BE

PLACED AS CLOSE TO 0% AS POSSIBLE

2. PIPES CONNECTING BETWEEN THE ROWS

SHALL BE NON—PERFORATED SLCPP

3. ALL CUT AND FILL SLOPES TO BE A
MINIMUM OF 1:1 (HORIZONTAL : VERTICAL)

4. END CAPS SHALL BE PLACED AT ALL
OPEN ENDS OF PIPE.

TYPICAL INFILTRATION GALLERY

(NOT TO SCALE.)

The calculations involve the infiltration rate and the amount of water to be

removed from the pond over the dewatering time. The infiltration area is the area

of the bottonof the trench. The infiltration rate can be determined by using one

of the methods in the Departmentos gui
Management Practices ManuadppendixC (3630306002), and is usually

expressed as in/hr. The dewatering ratebsadetermined from the settling

volume of the pond divided bydhays (from the 4 day dewatering guideline) or

the pumping rate.

1 in/hr x (Conv. Factor) =a/minft?
1 Dewatering volume/4 days x (Conv. Factor) = gal/min
1 Dewatering volumel/infiltration rate = $getof trench bottom required

The following items must be addressed when designing a subsurface infiltration
system:

1 The system must be adequately sized to infiltrate the expected flows. For
sedimentation pondthe system must be able to dewater the basin within
four to severdays of the storm event;

1 For treatment ponds, the system must be able to infiltrate the flow from
the pit pump.
i A valve and sampling port or tap must be placed between the

ponddewateringpipe and the inlet to the infiltration system. The valve
may not be opened until the pond water meets the applicable limits.
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1 For systems with multiple trenches, a manifold system must be installed to
distribute the flow evenly to all the trenches.

i Thearea surrounding the infiltration trenches must be protected from
compaction both during and after installation of the system.

1 The trenches must be wrapped in suitable nonwoven geotextile to prevent
fines from entering and plugging the stone fill.

1 Pipe cleanouts should be placed on each end of the lateral trenches.
1 The trench installation (Figuie6. Infiltration Trench) should be
documented by thegistered egineer and discussed in the notes on the

back of the pond certification form.

1 The sysem should be tested as soon as possible after installation to assure
satisfactory performance.

Figure5.7 is an aerial view of a noncoal operation with a sedimentation pond and
subsurface infiltration gallery.

Figure 5.6.
Infiltration Trench (PADEP Stor mwater Best Management Practices Manual)
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Figure 5.7.
Limestone Quarry Subsurface Infiltration Gallery and Pond (Aerial View)

5.4.4 Typical Sample Calculation: Absorption Area SizZiogSediment Ponds and
Treatment Facilities

GIVEN: A typical Pennsylvania sediment pond has a maximum dewatering
rate of 0.41ft%/sec. Itis proposed to infiltrate this flow into an
undisturbed area of Atkins Silt Loam (At) soil immediately below
theconstruction zone of the pond with a soil infiltration rate of
0.5in/hr.

FIND: Calculate the AREA of absorption necessary to safely disperse the
maximum dewatering flow rate from the sediment pond.

SOLUTION: Infiltration Rate Atkins Silt Loam = O.m/hr x 1.0feet12in =
0.04167feethr

(1 acre = 43,5602

Absorption Rate Soil Field = 0.0416&ethr x 43,560ft%/acre =
1,815.145%t%acrehr

Maximum Dewatering Rate Pond = 0#¥sec x 6Gsec/min x
60 min/hr = 1,476t3/hr

Area Absorption requéd = Maximum Dewatering Rate Pond
(ft3/hr) + Absorption Rate Soil Field
(ft3/Acre-hr)
AREA ABSORPTION required:

1,476 fe/hr
1,815.1452 fifacrehr

=0.81 acre 35,421 ft
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Typical length to width ratio: Length = (4) x (Width)
Length of theabsorption area runs parallel to the pond embankment toe
If the Width = 95 feet, then the Length =&t x (4) =380feet

Area AbsorptiorDesign = Length x Width = 38et x 95feet =36,100ft>

If the Design Area (36,1007) is greater than th&bsorption Area required
(35,421ft?), then the Absorption Area Design Dimensions are acceptable.

--- Embankment
l FLOW o5 ft
380 ft >

Absorption Area Dimensions: 380 feet x
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6.0 MINE DRAINAGE TREATMENT 1 ACTIVE MINING

6.1

6.2

General Requirements(25Pa.Code 8 77.526 87.101 87.102 87.107 88.91, 88.92
88.97)

The purpose of treatment ponds used during active miningrsatowater removed from
the pit orcoathandlingareas to thetandards specified in the perraitd hendischarge it
either tothe receiving stream amto the groundwaterSurface mining activities should
be planned and conducted to preyémthe maximum extent practicéhe accumulation
of water in the pit Limiting surface water is dort@rough upslope diversions and
temporary diversions on the sides of the pill groundwater or surface runoff
encountered must be collected and pumped to an appropriate treatment Jystdype
and size of the treatment system depends on the argdipater quality and quantity
Premining water sampling should provide a good estimate of treatment requirements
Department regulations prohibit the discharge of pit water by gravity drdimder no
circumstance shall an operator drlisrupt or bast the pit floor to avoid treating pit or
surface water.

Most of the potentially toxidorming materiad arefound in and adjacent to the coal
seam A timely removal of the coal and backfilling of the ssereduce the potential for
Acid Mine Drainage(AMD) production.

For runoff water that has had contact with coal stockpilesl preparation areasr acid
producing spoil (contact wateplease see Chapt@r Sediment Contrdimpoundments
in this guidance

Treatment Processes and Reagent ®etion

The first step in designing a treatment system is to characterize the water to be treated in
terms of chemistry (acidifyalkalinity, metals sulfatesetc.) and suspended solidEhis
information will assist the Department in determining the length of detention time, level
or aeration and types of chemical reagents that are required to treat the affected water.
The Department recommends two ponds in seg@sh with asix-hourdeention time

In some instanceghe volume of the pond should be increased for slower chemical
reactionslonger settling timesor higher pumping rates.

6.2.1 Alkaline Mine Drainage

Alkaline mine drainage is characterized by high metals and a pH @@vEhe
treatment oflkalinemine drainage requires vigorous aeratwhich oxidizes the
ferrous iron to ferric iropanda settling time that will allow the iron to settle out
If there is enough natural elevation change on it:n aeration cansually be
accomplished in a channel witldlequatelgizedriprapor splash blocks or by
spraying the water through a nozzf@xidation can also be accomplished by
othermechanical means or through the addition of oxidizing chemicals.

Settling of the feiic iron is usually accomplished flat-bottomedponds with
depths of three to four feeThese ponds should be designed to provide several
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days of settling time and have adequate volume for sludge stokagjeaning
schedule should be estimated alevith a nonpolluting disposal sitePlug flow
through the ponds should be established at the imle outlet should be a level
weir with a low velocity.

6.2.2 Acid Mine Drainage

Acid Mine Drainage is an acidic water (p#3.0), loaded with iron, sulfate and

other metals, that forms under natural conditions when geologic strata containing
sulfide minerals are exposed to the atmosphere or oxidizing environniéms.
technology employed fdahetreatmenfor this form ofmine drainage includes pH
adjustmentchemical precipitatioraeration and settlingThe first step in the

process consists of the addition of an alkaline reagent to raise thEheH

increase in pH causes thelubility of the metal ions to decrease andqppitate

out of solution These metal ions are replaced in solution by more acceptable
calcium magnesiumand sodium ions (EPA982) In generalthreetypes of
reactions occur as a result of pH adjustments:

i Neutralization an ion exchange reactitimat for AMD, combines basic
hydroxyl ions with acidic hydronium ions

1 Oxidation which, for exampleconverts ferrous iron (B8 to ferric iron
(Fe*), and
i Precipitation which results from solubility decreases of metal ions.

The precipitates are in most casestal hydroxides such as ferric hydroxide
(Fe(OHY) which can be removed to a great extent by settling (E¥8R).

Several alkaline reagents are used to neutralize acidic pit water and acid mine
drainage The different reagnts can be divided into two main grouge sodium
compoundsnd the calcium compound¥he calcium compounds include
hydratedlime (calcium hydroxideCa(OH)); limestone (calcium carbonate

CaCQ) andquicklime (calcium oxideCaO) The sodium compads include
causticsoda (sodium hydroxiddNaOH), andsodaash (sodium carbonate

NaCQs). Reagents are chosen depending on the quality and volume of water to
be treated and the amount of maintenance required for each neutralizing agent and
treatment sytem.

6.2.3 Calcium versus Sodium

The calcium compounds are less expensive than sodium compbunhtiey

have lowersolubility in water Therefore calcium compounds are generally used
in large treatment systems where electricity is available to improve the reactivity
of the calcium material through mixindf sulfate concentrations are above
2,000mg/L, then the calcium products will react with thafate to form

anhydrite or insoluble gypsunThis calcium sulfate (CaS{precipitate may
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clog pipes or other structures used to convey the water to the receiving stream
after treatment and dischargé&kousen1990).

6.2.4 Carbonate versus Hydroxide

The pH of the water during treatment affects the types and amounts of metals that

can be removed or precipitated from the watéarbonate compounds do not

raise pH of the water abo®e5, while hydroxide compounds can raise pH

abovel0.Q Ferric iron (F&") converts to the solid yellowistrange precipitate

ferric hydroxide also referred to a%ellow boy at a pH of3.5 or greater

Ferrous iron (F&) converts to the solibluish-green ferrous hydroxide at a pH

of 8.50r greater Soluble manganese (M) changes to insoluble manganese

dioxide (MnQ) at a pH 0ofL0.0 Thereforgthe various metal concentrations in

the AMD dictate the appropriate chemical reagent to be osachieve

sufficiently high pH levels If ferric iron (F€*) is the major problenit is

possible to remove it with sodium carbonatkile manganese generally requires

the elevated pH attained by adding a hydroxide matdfiérrous iron is

presenta sodium hydroxide material may be ugdaat it may be cosgffective to

use hydrated lime in conjunction with an aerator to oxidize the ferrous to ferric

iron for precipitation at a lower pH (Skousé®989) See Tablé.1.

Table 61: Factors that may Influence the Selection of a Calcium or
Sodium Compound for an AMD Treatment System

Factor Calcium Compounds Sodium Compounds
Solubility Slow, less soluble Fast more soluble
Application Requires mixing Diffuses well
Hardness High Low
Gypsum Formation Yes No

High Total Suspended Solids

Helps settle clay

Disperses and keeps clay particl
in suspension

Chemical Cost

Lower

Higher

Installation & Maintenance Cost]

High

Low

6.2.5 HydratedLime

Hydrated lime(calcium hydroxide) is the most commonly used reagent and reacts

with AMD as shown by the following equation:

H.SOy+ Ca(OHY Y Céa* + SQZ + 2H0

Hydrated lime can be introduced dry or as an aqueous soliinepoundof
sulfuric acid need8.761bs of calcium hydroxide for neutralizatiorBkousen
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(1989) reports that when neutralizing large amounts of AMD with high acidity
levels for long periods of time (greater thape&rs) amore capitalntensive but
cheaper hgrated lime reagent is generally usétlydrated lime treatment systems
require a power source for mechanical mixing of the lime with the water and pH
meters to control the application rate.

6.2.6 CrushedLimestone

Crushed limestone (calcium carbonatsgats with AMD as shown by the
following equation:

H,SQi+ CaCQY C&"+SQ? + CO +H:0

Onepoundof sulfuric acid requires 1.0Bs of calcium carbonate for
neutralization Limestone is the cheapest reagéot also has a limited

solubility, a low reactivity at higher a pH and its use results in the formation of
gypsum Treatment of AMD with limestone can also be limited by iron coating
of the larger limestonparticles which render the particles neneactve. The
efficiency of using pulverized limestone to treat AMD varies fronp&@ento

90 percentdepending on the mixing methgahrticle sizeaeration and settling
characteristics (Lovelll973) Successful treatment with limestone usually
involvesthe use of mixing equipment®he achievable pH ceiling for limestone
treatment is approximatel§5, which is insufficient to precipitate many metals
particularly manganese (EP®82) If only small concentrations of irgn
manganesend aluminum are tond in the watelimestone can be utilized to
precipitate these ions.

6.2.7 Quicklime

Quicklime (calcium oxide)also called burnt or pebble limeacts with AMD as
shown by the following equation:

H.SQ; + CaOY C&'+ SQZ + H,0

Onepoundof sulfuric acid requires 0.9Bs of calcium oxide for neutralization
When sulfate concentrations are high (abo@®@mg/L), the calcium products

will react with the sulfate to form anhydrite or insoluble gypsurhis calcium
sulfate precipitate may djopipes or other structures used to convey the water to
the receiving stream after treatmefuicklime is not frequently used as
equivalent results can be achieved with the similarly priced but easier to handle
hydrated lime Quicklime is extremely catis and can cause severe damage to
the skin eyes and respiratory tract.

6.2.8 Caustic Soda
Caustic soda (sodium hydroxide) is frequently used to treat AMD in situations
where electrical power is not availablBecause caustic soda is a hydroxide

compoundit can be used to raise the pH of the water aliév@ to facilitate
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manganese precipitatioilCaustic soda is a strogse, whichmixes readily with
and reacts with AMD as shown by the following equation:

H.SQw + 2NaOHY 2Na" + SQZ + 2H,0

Onepoundof sulfuric acid requires 0.8Bs of solid sodium hydroxide for
neutralization A 50 percentsolution of caustic sodsolidifiesat 54degrees
Fahrenhei{EPA 1982) To reduce the freezing problem20percentsolution is
available When using sodium hydroxidprotectiveeyeglassegloves and
clothing must be wornA solution of 20percentsodium hydroxide is particularly
dangerous as it looks like water but can cause severe chemical burns and
blindness Because sodium hydroxide is such a strong,lwdsge monitoring and
control of the inflow and reagent is required to prevent-tneatment
(EPA1982) Treatment with sodium hydroxide produces a ferric hydroxide or
fiyellow-boyo sludge that is gdike. Caustic soda solution is applied at the
surface because the chemical moves downward into the water (Skb@@en

Soda Ash

Soda ash (sodium carbate) is frequently used to treat AMD discharges that are
low in flow rate and acidity levelSoda ash reacts with sulfuric acid as shown by
the following equation:

HoSQw + N&CQOs Y 2Na" + SQ% + H,0 + CQ

Onepoundof sulfuric acid needs 1.0Bs of sodium carbonate or 0.4@llons of

20 percentsolution for neutralizationSoda ash can be added in the form of a
slurry, but it is usually added by dissolving solid soda ash briqueftdsox or

barrel is used to hold the briquettes with an intet autlet for the water to be

treated The water flows through the inlet of the container and dissolves the soda
ash Gravity keeps the briquettes in contact with the water for continual treatment
(Skousen1990).

6.2.10 Reagent Selection

The level ofpH elevation necessary for metal precipitation is an important
criterion for the selection of an AMD treatment chemidcahrbonate compounds
do not raise the pH of the water ab@&/& while hydroxide compounds can raise
the pH abovd 0.0 Soluble mangagse changes to insoluble manganese
hydroxide at a pH 0£0.0 Thus calcium hydroxide and sodium hydroxide are
suitable reagents when manganese is to be removed.

The selection of a treatment system and application method is based on the
guantity ofwater to be treatethe use of a chemical that can adequately and
economically treat the watghe detention time needeahd the mixing method
Unless power is availahléhe use of hydrated lime is not generally feasil8eda
ash and sodium hydroxdare soluble and can be utilized without mixing.
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The volume of sludge from an AMD treatment system varies according to the
chemical used and the quality of the untreated wakeprecipitate consisting of
mixtures of iron manganesend aluminum hydroxides is formed with any of the
treatment chemicals use@lvhen any of the calcium chemicals are ysed

calcium sulfate or gypsum precipitate is also form€&de various lime treatment
methods produce a greater quantity of sludge th@mther treatment methods.

Another important consideration to consider is the safety of¢lagntent operator
when using thehemicals Limestone and sodium carbonate are relatively safe
chemicals to use although they are not extremely effectiveatieats The use

of calcium hydroxide or calcium oxide can cause skin and eye irritation
Prolonged exposure will cause buréhen using sodium hydroxide or any
reagentprotective eyeglasseggloves and clothingshouldbe worn.

Prompt dewatering gdit water accumulations will decrease the amount of
reagent required to treat the water

Aeration and Oxidation

Aeration increases the oxygen transfer rate and therefore the oxidation reaction
rate Aeration can be accomplished by allowing theex#&b simply flow or

cascade down a staircase trough or sluicewration is accomplished when
water flows from one impoundment to the ne®mn larger dischargetheair or
oxygen may be supplied by one of the following types of aeratbifsised ar
systemssubmerged turbinaeratorsand surface aerators (ERA82).

The oxidation system consists of a tank or basin equipped witbranereof the
above aeration system$he presence of dissolved oxygen supplied by the
aerating techniquexidizes ferrous ionghus enhancing the formation of
essentially insoluble ferric hydroxidd he resulting sludge is more easily settled
(EPA1982) In special case®xidizing chemicals may be used when aeration
through mechanical disturbance is ndéquate or rapid enougiChemicals,

which are active oxidants)clude hydrogen peroxigdpotassium permanganate
sodium hypochloritecalciumhypochlorite,and chlorine.

Settling

The settlingor sedimentatiorprocess removes the suspendedisolvhich
includes the insoluble precipitateSedimentation can be accomplished in a
settling basin or a clarifierThe extent of solids removal depends on the surface
area of the impoundmeritow patterns in the structurdetention timeand
settlingcharacteristics of the suspended soli@tarifiers allow more control over
detention time and sludge removéh addition problems from precipitation and
shortcircuiting can be avoided.
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6.2.13 Flocculation

Chemical flocculation can be used to irase the efficiency of treatment basins
similar to their use in sedimentation impoundments (See S&:tidyof this
guidancé. The colloidal particles in AMD sludger turbid pit wateusually
carry a negative electrical chargéonsequentlya cationic flocculant must be
used Syntheticpolyelectrolytesare most frequently employed since they
function best in the high ionic strength solutions encountered in AMD.

6.2.14 Sludge

The quantity of sludge formed from AMideatment varies according to the
reagent usedAll treatment methods produce a precipitate consisting of a mixture
of iron, manganesand aluminum hydroxideThe calcium chemicals (e,g.
limestone hydrated limeand burnt lime) also generate calciunifate or

gypsum, whickconstitutes part of the precipitat8odium hydroxide produces a
getlike sludge which is composed predominately of ferric hydroxide and which
precipitates out in the settling ponds.

Sludge formed in the treatment process ranges fl percento 10percentof the
total flow through the facility@epartment of Interior/Office of Surface

Mining, 1988) Once the amount of precipitate accumulates to the design
cleanout levelthe treatment pond must be drained and the sludge removed for
final disposal Normally the sludge is simply mixed with surface mine spoll
material at a location relatively high and dry in the backfill area during the
reclamation processrThis sludge isn alkaline material with the metals at their
highest oxidation stateand it is not harmful to the environment when disposal
has been accomplished in this mannBne application must contain a narrative
describing how the treatment facility will opezatThe narrative should indicate
how the accumulated sludge will be handled.

6.2.15 Suspended Solids

Many mine sites have only suspended solids to.tleahis @ase the standard
design is twasettling ponds in seriesach with asix-hourdetentiortime. After
the ponds are put into yghe pondvolume may need to be adjusted to meet
effluent standardsUsually a thirdoond similarin volume to the first twgonds
will be sufficient to meet suspended solids limi@ccasionallywith clay
particles additional ponds or processes are needed.

Effluent Standards

The effluent standards for each permit are containéthtional Pollutant Discharge
Elimination System (NPDES)imits of the issued permitThese limits vary from permit
to permit depending on the background permit conditidhs important to know the
effluent limits before selecting the necessary reagents or designing the sizing of the
treatment basins.
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Treatment Basin Design

Typically, more than one treatment bass utilized Basins are used in a seriasth the
secondasin acting as a polishing basin and allowing additional detention Arttard
basin can be used to allow diversion of flow when the sludge volume has reached
capacity and needs to be cleandédtypical treatment basin design is shown in
Figure6.1, and a typical neutralizing unit is given in Fig@2.

Figure 6.1.
Typical Treatment Pond Design

TYPICAL TREATMENT POND DESIGN

( | | I Outside of Slope \ ( | | I Outside of Slope \
Top of Basin — Top of Basin
| | Inside Slope \\ ( | | Inside Slope X Outlet
t I ey E J ' B
plash Boar
Bottom of Basin T} Bottom of Basin T
| 1T
AN
W, Splash Board J
k\ j) R k\K ] )j
11 111
Basin No. 1 Basin No. 2
< > |<— —>|
Inlet N lization &
. 2.0 Ft cutralization
Pipe™N Freeboard \C larification Area %r% é:b[oar q
SRS Splash Board 7 Nesdhiiliaisiictli
Splash Board P e Effltent
Discharge

Where necessary to meet
standards a third basin wi

Cross Section

Neutralization
| |—>
Pump J .
Addition Basin No. | Basin No. 2
Capicity: CE Capicity:
Sludge Storage: CE. Sludge Storage:
Schematic Diagram
permit effluent

11 be constructed
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Figure 6.2.
Typical Neutralizing Unit

Lid

Untreated
mine discharge

. \ Treated

mine discharge

Support
system

Holes drilled Fiowichantiel

around the bottom

The design practice recommended by the Departoadisifor at least twdreatment
basins in seriegach with a minimum detention time of $igurs The practicefollows
thetheoretical basisstablished byustwit et al (1992) who provide also primary
references to Sung and Morgan (19&®grvard University (1970and Stumm and Lee
(1961).

Increasing the pH with one of the alkaline reagents listed above causes the iron and
aluminum to precipitateSettleablesolids should precipitate in If#urs Occasionally
thedetention time must be increased for sqlgilgh as clay particles that are difficult to
precipitate.

Treatment basins are sized according to the size of the open pthargaality and
guantity of runoff to be treatethe detentiortime that is needed to allow neutralization
and settling to occyand the pumping rate that will be used to dewater the pit
Sometimesa small pit size and a high pumping rate will result in a short detention time
causing a discharge that exceedssitieablesolids limit While conditions encountered
in the field may vary from the expected conditiceasnethod of sizing the treatment basin
is needed prior to opening the.pithe location of the trément pondshould bechosen

to augment the mining plaand must be built in their approved locaticathatthey
discharge to thepecific dischargpoints listed on the NPDES permithe applicant

must submit information that includes the total area draininge@it the computed

runoff volume from a 1§ear, 24-hour storm eventhe expected water quality and
treatment methqdletention time normally required and the pump size and rate for the
head to be encounteredhe following section is an example of dehining treatment
basin volumes for primary and secondary treatment basins.
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Example of a Treatment BasinVolume Calculation

V =133(ARC)

V = Volume of basin in ft

A = Area draining to pit in ft

R = Total 24 hour rainfallfee)) x detention time
C = Runoff coefficient (C =0.5 for Open Pit

i 1.33 = Factor to allow for sludge storage

1 Maximum pit length and width of miningperation J000feetx 250feet=
250,0001t2, including spoil piles that drain to pit and area below Wigih
diversion.

i 10-year, 24-hour rainfall is 4.0nches = 0.333eet
1 6-hour detention time = 0.25 days

i Volume calculations

1.33(ARC)

1.33 (250000 f2) (4.0 inches) (.25 days).5)
1.33 (250000 f£) (0.333feed) (.25 days)(.5)
1
1

33 (10417 16)
3,845 ff

< <K<
oo

Basin size Assuming a 6.0@eetwaterdepth the average surface area needed is about
2,300 fE. If a 25feetbottom width is usedand a 5@eetlength is usedFor 2:1side
slopes the top width is 48et top lengthis 74feet and the average area of the basin is
about 2300ft2. Using the prismoidal formu)ahe basin volume would be D52ft>.

A secondary basin of the same size will also be constrtwedibw an additional Gours
of detention time in theecondasin If thearea draining to the pit increasadditional
detention time is needed for treatmeifteffluentquality is not being met third basin
shouldbe constructed.

The treatment pond volume should be checked against the pumping mekd sure that
the detention time is greater thanHdurs Computed treatment volume is,082 ft3for
each basin or 2804ft3 for both Multiplying by 7.48gal/ft?, this convertsto
210218gallons Checking the residence time with a typical 2@Bmin pump gives a
residence time of,@51 minutes or 1 hours which is greagr than the required Iiurs.

An increase in the pumping rate or a change to the mining mesihcid asisinga larger
dragline pit may result in ponds that do not have enough residence Bomaps can be
throttled backbut only to about half the rated capacityew calculations should be
performed for a change in pit sjzechange in pumping rate or substitution of a larger

pump.
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7.0 PASSIVE TREATMENT

7.1

Passive Treatment Systems

Passive treatment systems typically use hydraulic head to direct mine drainage through
impoundments filled with alkaline reagewithin the treatment impoundment, pH
adjustment, precipitation reaatis, and sludge accumulation occurs with minimal
operational control.

Passive treatment systems can be classified based on the type of water they treat;
netalkaline treatment systems or +a@idic treatment systems.

7.1.1 NetAlkaline Passiv@8reatment Systems

The primary treatment targets in radkaline water are ferrous iron and
manganese. Passive treatment of-leaten netalkaline water typically involves
constructing opefwater or wetland impoundments to create an oxidizing
environmentfor the conversion of ferrous to ferric iron, and to promote settling
of suspended particles (Figuréd and7.2). The primary functions of these
systems are to dissolve atmospheric oxygen into the water, remove aqueous
carbon dioxide, provide retentidgime for complete oxidization and settling of

iron, and provide sludge storage capacity within the impoundment. These
functions are completed without the use of electricity or chermaagénts

Oxygen and carbon dioxide are transferred by creatitgtemt flow withinthe
channeling or by manipulating the surface area to volume ratio of the
impoundment. Settling is promoted by using baffles and slow flow velocities
throughout the system. Important design factors include deternuridgtion

and settling times. When sized and constructed correctly, these systems provide
many years of lownaintenance and effective treatment. The major maintenance
is periodic sludge removal.
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Figure 7.1.
Oxidation and Settling Pond: Note effective se of baffles for clarification
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Figure 7.2.
Synthetically-lined wetland used in removing
low concentrations of suspended iron

i

SRS S
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Passive removal of manganese from net alkaline water involves directing water
through a limestonélled impoundment to promote bioticalipduced

oxidization and precipitation of manganese on limestone surfaces (Figure

The purpose of the limestone is not to dissolve and increase pH, but rather to
provide a durable substrate with surface area for miargrowth. Manganese
removal beds have proven to be both-4maintenance and effective given the
appropriate water quality (low sediment, Fe and Al&mg/L). Unlike the
low-density sludge often associated with hydrous aluminum angbremipitates,
the manganese precipitates and forms on the surface of the limestone in
crystalline forms, such as birnessite and todorokite. The major maintenance is
periodic removal or cleaning of manganesated stone. Cleaning may entalil
using mecham@al equipment to abrade the manganese minerals from the
limestone surface.
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Figure 7.3.
Typical Manganese Removal Bed

7.1.2 NetAcidic Passive Treatment Systems

Unlike netalkaline water, neacidic water must be dosed with alkali reagent to
achieve ompliance with the pk.0-9.0 discharge requirement. Limestone is the
most common alkali reagent used in passive treatment. Passive treatment of
netacidic water generally entails directing water through impoundments filled
with limestone. The reactidsetween the acidic water and the limestone
increases the pH and causes metals to become insoluble and precipitate. In many
cases, the precipitation of metal hydroxide occurs within the void space of the
limestone. Overtime, the precipitate accumulatesrehses the porosity, and
hydraulically plugs the system eventually dagsystem failure. Predicting the
timing and monitoring the progression of plugging is difficult. Systems treating
higher metaloading discharges are more prone to rapid pluggirdy
unpredictable treatment than systems treating low Awdding water. As a

result, Sectior7.3 of this manual presents a Risk Matrix that uses water quality
and sizing criteria to evaluate the suitability of passive treatment.

There are three genéassifications of neacidic passive treatment systems:
anoxic limestone drains, vertical flow ponds/limestone beds, and planned
maintenance systems.

7.1.3 Anoxic Limestone Drain (ALD)

Anoxic Limestone Drains are generally designed to treaacidic mine drainage
containing pH >5.8 and ferrous iron. Using this pH restriction avoids placing
ALDs on drainage containing ferric iron and aluminum, as these metals are
relatively insoluble at pH 5.8. ALDs contain a very small cressctional

surface eea perpendicular to flow and are easily clogged if metal precipitation
occurs within the system. ALDs are designed to keep ferrous iron soluble while
the pH and alkalinity increases within the system. Preventing ferrous iron
oxidation within the systens accomplished by preserving an anaerobic
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environment. Techniques to exclude oxygen include burrito wrapping the

l i mestone in a stymapsediacn | pinpes, uanadgc
subsurface (Figuré4). ALDs are often capped with a gliner and covered

with a soil layer that is crowned and vegetated.

As water flows through an ALD, carbonic acid dissolves limestone resulting in an
increase in pH and alkalinity until natkaline conditions are achieved. Upon
discharge, the water ixggenated through turbulesplashing to promote iron
oxidization in a settling pond (Figuie5). The excess alkalinity neutralizes the
iron acidity and results in netkaline water with a pH betwe&n0 and.0.

ALDs have proven to be the mastiable maintenanefee type of net acidic
passive treatment system since minimal metal precipitation occurs within the
limestone. A major design consideration is to evaluate the water to ensure
sufficient carbonic acid to dissolve the limestone aneégea netlkaline water.
Without sufficient carbonic acid, ferrous iron acidity may be greater than
alkalinity and result in neacidic conditions that require further treatment.

Section7.3 provides the water quality criteria for evaluating whethesehdrge
is suitable for an ALD. Since minimal precipitate occurs within the limestone,
ALDs are not subject to the Risk Matrix.

Figure 7.4.
Construction of an ALD: Limestone is placed within a synthetic liner
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Figure 7.5.
Effluent pipes emanating from an ALD followed by an oxidization pond

7.1.4 Vertical Flow Ponds (VFP)/Limestone Beds (LB)

VFPs are impoundments containing a layer of limestone overlain by a layer of
composted organic matter (Figuf®). Water flows downward throughe
compost layer (Figuré.7) and limestone layer and exits the system through a
piping network under the limestone (Figure® and7.9). Limestone beds are
impoundments filled with limestone (no comptaster).

Unlike ALDs, these tweystems are appld to mine drainage containing ferric

iron and aluminum and are considered to treat the broeategt of mine

drainage for twaeasons. First, VFPs contain a large cissstional surface area
perpendicular to flow. This large area provides sufficiaime to accumulate
sludge within the void space of the limestone layer without hydraulic failure for
extended periods of time. Secondly, the compost layer is designed to consume
oxygen and chemically reduce ferric iron to ferrous iron. In theoryetineus

iron will remain soluble as the pH and alkalinity are increased within the
limestone since the water is void of dissolved oxygen. This combination of
benefits allows these systems to treat waters containing ferric iron, ferrous iron,
and aluminumdr prolonged peads without major maintenance.

There are limits to using VFPs and LBs on md&den mine drainage. Many
systems have been plagued with poor performance well before the declared
design life. In most cases, maintenance involving exaavatjuipment is
required to rehabilitate a peperforming system. Most premature failures have
resulted from hydraulic plugging from metal precipitate (Figuré8 and7.11).
Most designs incorporate elaborate flushing mechanigrasiding

solarpowered gat valves and automatic siphons) that are usetinelyto drain
the syster(s) in an attempt to remove the metal precipitate. These systems are
designed assuming theiflhing system will remove the majority of the
precipitates and minimize maintenance during the design life (Figi2k
Troubleshooting and maintenance of VFPs and LBs can be difficult and time
consuming since the gradual plugging of these systems tdaanasually
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monitored and located. Poor performing systems are investigated by dewatering

the system and looking for problem areas before developing a rehabilitation plan.

In any case, placing VFPs and LBs on high mietatling discharges increases the
maintenance, decreases design life, and leads to less benefits. Since VFPs and
LBs are prone to plugging by precipita
metatloading designations presented in the Risk Matrix in Se@tidn

Figure 7.6.
Two Vertical Flow Ponds

Figure 7.7.
The compost layer being placed on top of the limestone layer in a VFP

o ST,
: )
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Figure 7.8.
Underdrain piping system on top of a synthetic liner for a VFP

Figure 7.9.
Limestone being placed on top of the underdrain pipingystem
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Figure 7.10.
Limestone bed clogged with iron hydroxide precipitate

Figure 7.11.
Limestone layer clogged with aluminum hydroxide precipitate
underneath a relatively clean compost layer in a VFP
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Figure 7.12.
Flushing a vertical flow pond
(Note the flushed sediment suspended in the settling pond)

7.1.5

7.1.6

Planned Maintenance Systems (PMS)

PMS are impoundments or containers filled with limestone in which water travels
vertically or horizontally through the system. The design andter@ance

approach differs from traditional VFPs or LBs since PMS do not rely on compost
to prevent precipitation or flushing mechanisms to remove precipitate from the
system. During the PMS design process, recognizing and planning for precipitate
pluggingcan make routine excavator maintenance easy and cost effective.
Routine excavator maintenance includes agitating clogged sections of limestone
to reestablish flow or routinely replacing or washing the limestone. Some PMS
are designed to be flushed durgxgtavation agitation, which can maximize
precipitate removal.

Ramped.imestone Bed&RkLB)

A ramped limestone bed (RLB) is an emerging type of PMS in which an
impoundment is filled with limestone. The depth of the limestone increases from
the influent side to the effluent side, resulting in an inclined limestone surface.
The water elevation is held just below the surface of the limestone on the influent
side to force contact between the mine drainage and the limestone. The mine
drainage that entg the system is designed to flow horizontally to the effluent side
with a long flow path that prevents shantcuiting. Over time, precipitate
accumulates and the section of the limestone bed closest to the influent side
becomes clogged. Since the sod of the limestone is inclined, the water simply
flows past the clogged section until clean limestone is intercepted. Since the
outlet elevation is below the surface of the limestone, plugging can be determined
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