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1 Intr oduction

1.1 Executive Summary: A Tale of Two Rivers

The confluence of the Lackawanna River with the North Branch Susquehanna River at Coxton
Point in the Lackawanr@/yoming Valley (LWV) of Northeast PA has many distinctions of a
historical, cultural, and aesthetic nature. It is also distinct due to the bright orange and yellow
plume of iron (Fe) oxide laden water and sediments flowing from the Lackawanna River into the
North Branch Susquehanna River. This legacy from the anthracite coal induginuesno

mark the confluence located in Luzerne County, between the City of Pittston and the Borough of
Duryea, with a special and not necessarily welcome distinction.

Geologists refer to the LWV as the Lackawanna Syncline. It is two valleys in nage lonl

actuality, it is one physical feature in the Ridge and Valley Physiographic Province of Eastern
Pennsyl vani a. It appear s, with some i maginat
from Forest City in the northeast, to Shickshinny in thetlsmest. It is 5.0 miles athwart at

Scranton and 7.0 miles at Wilk&arre. Beneath itsurfacewas found the largest and richest
anthracite coal basin on the planet, the Northern Anthracite Field (NAF).

Since November 1961, when the last of the daeaye collieries closed down and turned off their
pumps, the extensive system of NARderground mine voidooded with groundwater as well

as river and stream water infiltrating from the surface. What has resulted is a system of
subterranean water bodigeown as mine pools in a configuration somewhat like the subway
system under Manhattan on steroids, 75 miles long and greater than 1,000 feet deep.

The majormine poos in the Lower Lackawanna River are the Metropolitan Scranton Mine Pool
(MSMP), the Cetral Mine Pool (CMP), and the No. 9 Mine Pool (#9MP). MS#&Meends from

Old Forge upstream under Scranton, Dunmore, and several otheralheiyl boroughsto
Archbald. CMP and #9MRunderlie portions of Duryea, Avoca, Dupont, Hughestown and
PittstonTownshp (Figurel-1).

It has beeranecdotally described as tlagest and most visible point source of pollution in the
entire Chesapeake Bay Watershedhe source of this Fe loading is primarily from two
abandoned minerdinage (AMD) discharges that draieveral of these NAF mine pools, the Old
Forge Borehole (OFB) and the Duryea Breach (DB) (Fige2eand 1-3). The OFB drains the
MSMP and DB drains the CMP and #9MPhese AMD points are respectively the second and
sixth highest priorityAMD sources impeting the Susquehanna Riverthe Anthracite Region
(Clark 2011).

OFB s 3.0miles upstream of theackawanna/Susquehanna ConfluenceaALSCA), adjacent

to Union Street in the Borough of Old Forge, Lackawanna CoudfB discharges an average
of ~60.7million gallons per day (MGD) (~94 cubfeet per second (CFS)) with a Fe loading of
~7,70 pounds peday(lbs/day)

DB discharges an average of ~1M&D (~22.5 CFS) with a loading of ~2@#bs/day of Fe
DB is located 0.75 nes upstream of the LSCA
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A view from the air shows a large plume of orange colored water flowing into the Susquehanna
River from the Lackawanna&iver just as the North Branch Susquehanna enters the LWV
through what we should propertall the Wyoming Gap (Figurk-4).

Recent monitoring data indicates tl@fB and DB are now characterized as very net alkaline,

after many years being characterized asacaélic. The amount of metals, particularly Fe, in
both discharges is also slowly declinf).ng fr
However, PA DEP, acting under requirements of the Clean Wate{G\WtA), completed a

study to assess the Total Mawim Daily Load (TMDL) for several pollutants in the
Lackawanna River. Even with the improvement in alkalinity and Fe loading, the TMDL calls for

an Fe loading reduction of 92 percent at the Lackawanna River mouth to meet water quality
standard¢PA DEP2005. The vast majority of this loading originates fr@&B and DB.

Table 1-1 The change of Old Forge Borehole and Duryea Breach quality over time.

OFB pH | OFB Net Acidity | OFB Fe | DB pH | DB Net Acidity | DB Fe
1970s 5.60 210.00 40.00 5.70 233.00 48.00
1980s 5.96 0.84 30.51 5.97 2.11 37.12
2010s 6.54 -69.80 15.18 6.53 -62.75 18.65

SRBC has also recently characterizedhracitemine drainage via the 2011 Anthracite Region
Mine Drainage Remediation Strategy. This work recognizes the significaieBxnd DB as
contribuing ~25 percent of the Fe loading enterihg North Branch Susquehanna (Clark 2011).
This work also rank©FB and DB as the second and sixth highest priority discharges in the
entire Susquehanriver Anthracite Region.

The Lower Lackawanna River Watershed Restoration and Assessmen{LPR¥WRAP)
contains the information needed to d@afQualified Hydrologt Unit Plan (QHUP) developeby

the Office of Surface Mining (OSMand implemented by PA DERQHUPSs assisn prioritizing

and qualifying AMDand abandoned mine land (AMEjtes for projects funded by the Surface
Mining Control and Reclamation Act (SMCRA} reauthorized by Congress and signed into law
by the President in 2008. The Lower LackawaRnger QHUP, which will be drafted in the
near future using this LLRVRAP, will demonstrat¢hat OFB and DB are QHUs that should be
recognized by PA DEP and OSM

The physical conditions and developmental constraints of2@00 acreLSCA between Old
Forge, Duryea, and Pittston are the second essential aspect of thiW/RIAR. In addition to
the degraded aesthetics aaglatic habitats affected by AMOhe physical disruption of the
landscape and deficiencies iL&CA transportation network are also a main focus.

In addition, as the first phase of this plan was underway, Duryea and West Pittston Boroughs
experienced | ood damage resulting from Tropical St
Susguehanna Basin.

Therefore, this plan makes a series @éammendations for AMD and AML reclamatiamd
reuse, economic development, transportation improvemelasd fprotection,and natural
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resource conservation and recreation. These recommendations are offered for consideration by
local residents, property owners, business interests and municipal, county, state, and federal
governments.

This plan and recommendations have been develope®BA working with SRBC, EPCAMR,
and community stakeholders.

In order to treat the AMD problem in the Lower Lackawanna River, eliminate the Fe loading
needed to meet water quality standards, andil@euthe maximum resources txhieve the
intent of he reauthorized SMCRA, an active AMD treatment plant is probably a necessity.
Passive wetland treatment can be a component of the overall plmaedse to the volumesnd

Fe loadingof OFBH and DB, an active treatment plant is more than likely needed to effectively
acceerate rates of precipitation temove a majority of the precipitated metals.

1.2 Executive Summary Recommendations

1 The LLR-WRAP recommends that the PA DEP BAMR and tieav BCR utilize the
future QHUP and related information in this document to approve QHU status for the
Lower Lackawanna River (OFB and DB). The LMRRAP thenrecommends that PA
DEP work with the communitythe Lower Lackawanna Watershed Stakeholders Group
(LLWSG), and eventually &ower Lackawanna Confluence Coalition (LLCt)design,
build, and operate a mine drainage treatment facility that jointly treats flows from OFB
and DB on a site to be determined, but likely along the west bank of the Lackawanna
River in the proximity of Stevenson Street in Duryea.

1 This LLR-WRAP recommendsthat the municipal and county governments in
Lackawanna County and Luzerne County consider a collaboration to conaplete
comprehensive master plan that will promote the redeweént of the ~2,000 acre
LSCA. This area encompasses such locally named places and neighborhoods as the
Confluence, Coxton Point, Pittston Junction, Coxton, Coxton Rail Yards, Falling Springs,
Campbell 6s Ledge Reservoirs, GrReel Sguiangi BS
Duryea Swampso, Canal Street, We s t St even

William A Colliery, Connell 6s Patch and R

1 The LLRWRAP also recommends that, as part of the comprehensive plan or as-a stand
alone plan, a transportation improvement initiative is needed to plan and secure the
resources to construct significant roadway, bridge, and traffic circulation improvements,
particularly in and surrounding the LSCA.

1 Discussions with elected officials indicatkat there is no consensus supporting the
creation of gpublic authority to lead the further work to plan and implement a treatment
plant or associated economic development at the present tirherefore,this plan
recommends that the study partner ages@nd interested stakeholders consider the
establishment of a ndor-profit community developmentcorporation with a mission to
develop and operate a mine drainage treatnpdemt and conduct other economic
development ancenvironmental restoration neetl@at the LSCA. The LLRVRAP



proposs to name this entity the Lower Lackawan@onfluence Coalition (LLCC)The
LLCC could form limited liability equity partnerships with several of the larger property
ownersto fund and build transportation improvements and develop and marketuswilti
subdivisions for industrial, commercial, residential, and recreational purposes.

The LLR-WRAP recommends developing the AMD treatment plant as a magnet facility

to attract baginess investment for synergistic industrial uses of adjacent properties for
sustainable water and energy related business. Specialized plan and investment studies
are recommended to facilitate development of hydroelectric, geothermal, and other
renewableenergy resources associated with the site. The LLCC and the private
consortium should engender collaborations to develop these resources in surplus to what
may be developed or required to support the recommended active AMD treatment plant.

The LLR-WRAP recommends that the existing open space resources of the LSCA
include a habitat conservation management program that integrates habitat and aquatic
features into the design of the build out environment. The-\ARAP also endorses the
identification, protetion, conservation, and interpretation of historic and prehistoric
cultural resources that are present. Open space habitat management and recreational
access programs should be initiated to protect resources and create recreational
opportunities. The LSA is linked with several state and federal Heritage Areas, the
Lackawanna Heritage Valley, and the Delaware Lehigh Heritage Corridor. The
Susquehanna River Greenway Plan also links the LSCA to the Susquehanna River
Greenway and other heritage areas. ThR-WRAP recommends that the recreational

and cultural opportunities represented in the LSCA be further developed as part of the
proposed comprehensive plan.

The LLR-WRAP recommends that existing flood plain elevations and values be
maintained within thelevations recorded from the 2011 flood event. The plan supports
the completion of flood control protection for Duryea and the design and construction of
a flood control program for West Pittston. This plan recommends that flood protection
and flood proéing be developed for the Lower Lackawanvalley Sewer Authority
(LLVSA) plant on Coxton Road. Flood proofing and flood damage reduction capacities
need to be included in the overall development parameters for active and passive AMD
treatment facilities proposddr the LSCA.

The LLR-WRAP also recommends the collaboration of municipalities withLthéSA
and the LRCA to promote community compliance with lbegn-controls for the
combined sewer overflows (CSO) andlaihnal collaboration with the municipalities for
the Municipal Separate Storm Sewer System (MS4).

The LLR-WRAP recommends that the LLVSA collaborate with LRCA, EPCAMR, and
SRBC to advance the development of the LLCC to advance the construction and
operation of amine water treatmenplant and related programs.

The LLR-WRAP recommends that LLWSG continue all efforts to develop and fund
feasibility studies and transportation improvement plans for the LSCA andaeita

7



with property owners to maximize sustainable resource and economic development
opportunities. This can include a research and development consortium with local

regional universities, resource conservation and development agencies, and economic
devdopment agencies.

1 The LLRWRAP recommends that LRCA continue in collaboration with EPCAMR,
SRBC, and local and state agencies as appropriate to identify and secure funding for
feasibility studies. Comprehensive planning is necessary to address sitaictsand
facilitate a sustainable development program for the-teng operation of the treatment
facility and related industries.

1.3 Consideration for Implementation

SMCRA is providing over one billion dollars in Mine Reclama Trust Fund payments A.

PA DEP may, at its discretion, set aside up to 30 percent of the funding it receives to address
AMD pollution. OSM has established the QHUP process to guide the states in prioritizing and
allocating the funding. PA DEP has established a prioritizgtiglicy to recapitalize existing
treat ment pl ants that |fellowbdabg recamtalization forcplastd i n
acquired from private sector operators through bankruptcy and /or bond forfeiture.

After those priorities are addressed, thmaining funds are available to develop new treatment
systems for sites that have established QHUP(
2022, there will no longer be a source of federal funds specifically allocated to construct and
operate AMD teatment facilities. Consequently, the LRCA suggests that time is of the essence

in securing the QHU status and prioritization by PA BRhat OFBand DB can be treated.

The environmetal pollution so evident at the LSCias been the sudgjt of study byPA going

back to at least 1904 as evidenced by the Dodge report. The most recent study by SRBC (2011)
demonstrates that tl@FB is the largest single source of AMD by volunmelatogether with the

nearby DB is the source of 25 percent of the total Fadiog in the entire North Branch
Susquehanna RiveA treatment facility for these two dischargeshis top priority of the SRBC
studyand ths LLR-WRAP.

It is incumbent on all elected officials in the Lower Lackawanna Valley to join with LRCA and
our fellow stakeholders to prioritize local and state government policy letaingatmenplant
development and operation in a lei@gm sustainable fashion.

LRCA further suggests that a lotgrm program is necessary to provide perpetual funding
sources to insure continuoaperation of a treatment planMultiple sources of funding may be
available through the development of adjacent private investment teitesipport related
industries in the water resource and energy sectors.

A not-for-profit community development corporatios suggested as a way to maximize the
opportunities that can result in a thoughtful and ywhned deMepment of the LSCA



A development program, such as the one suggested, could engender numerous private
investment opportunities that may develop environmentally sustainable businesses, providing
family supporting and green technology employment.

Lastly, sustainable developmieat theLSCA can help restore the value of this site as a strategic
crossroads in thheart of the LWV halfway between our historic downtowns of Scranton and
Wilkes-Barre. This development will also build value for Pittston, West Pittfdanyea,and

other nearby communities by providing new economic opportunities and revitalized
infrastructure integrated with a rebirth of our rivers and the lands around their confluence.

1.4 Vision for a Revitalized River

The LLR-WRAP suggests a strategy to clean up i@witalize one of the most visible sources of
pollution in the watershed of the Chesapeake Bay. The lower three miles of the Lackawanna
River in Northeast Pennsylvania flow with the brigharmge and yellow staining of Faxide

from two sources of AMD (BBH and DB). OFBH and DBcombined average7s MGD (116

CFS) and discharge almdsttons/day of Fe into the Lackawanna River. As the Lackawanna
Riverflows into the North Branch Susquehanna River at Coxton Point, this Fe trace is visible for
quite alengh along the eastern bankt is a visible challenge that can inspire a creative and
imaginative response benefiting both our rivers and our community.

The LLR-WRAP is the result of collaborations among local residents, property owners, business
interess, and elected officials in dialogue with staff from local, state, and federal agenhiss.

plan has not been written by consultamégherit is the product of local people who have been
working along the rivers of the NAF for many years.

Twenty-five years ago, in 1987, the people of our communities created the LRCA to speak out
for a revitalized river. The LRCA developed a Citizens Master Plan for the Lackawanna River
in 1990. The plan does not reside on a shelf. It flows with the water. \ing &s the river is

living. It looks at the negative impacts from nearly 200 years of abuse and it suggests ways to
heal our environment from the abuse of our coal mining legacy, to involve the community with
that healing, and to create lasting valuewiiite outcome.

This LLR-WRAP envisionsthe LSCA revitalized and integrating multiple landises for
conservation, industrial, commercial, and residential developments.

The plan envisions an AMD treatment plantatieg the combined flows @FB and DB. The
plant is surrounded by ponds and wetland habitats that provide additional natural treatment of the
AMD flows before discharging as clean water back into the Lackawanna River.

This plan envisions other economic investments adjacent to the AMD tred®haent An Fe
oxide processing plant could take the oxides removed from the AMD flows to market as
feedstock for several other industries. A-hiels plant could convert waste productsnir®A
agriculture and timber industries into motor vehicle fu&gveral other energy production uses
could be associated with the site including vertical axis windmills, geothermal heating, and
hydroelectric generation. These industries could help the establishment of a oeveldstrict

at the LSCA.



Additional wastewater treatment facilities and a water withdrawal point related to the nearby
Marcellus shale gas industry could provide an income stream to help fund operation of the AMD
plant. The management of the treatment flows and mine pool elevations coutte@source

of clean water to augment the flows in the Susquehanna River during low flow conditions and
provide another income source for the AMD treatment plant. The flows of the AMDs can also
provide opportunities for hydroelectric generation potégtgroducing a surplus of power for

the treatment plant and adjacent usdtsr example, assuming an average OFB flow of 95 CFS,
head pressure of 5 feet, and 75 percent efficiency, ~30 kilowatts (KW) could be generated. An
additional 30 KW could then roduced for every additional 5 feet of head.

The plan further envisions an improved roadway network to safely expedite truck and
automobile traffic through theSCA and out to regional arterial roadways and highways. An
expansion of shipping and transshipping opportunities is also envisioned for adadrand

Northern Coxton Rail ¥#rd. Long term, the plan also envisions a land reclamation program
addressing AMLssues along the line of coal outcrops in the upland portions of the site. This
could support new residential opportunities, perhaps with aradtional village center and
mixeduse housing along the flanks of @yem@Plell 6s
Forge,and Ransom dwnship boundaries converge.

The comprehensive plan that is recommended can create design parameters to enhance and
protect green space and natural habisach as the wooded ridgeline d@hd stream corridors of
Campbell 6s Ledge Run and Red Spring Run. Al
the treatment plant and associated industrial sites on the upland terraces, with the wetlands
preserved to allow flood storage capacityd &abitats restored with the practices of conservation
ecology. These activities will provide wildlife habitat, river access sites, and open space
recreation opportunities all throughout tHeCA.

1.5 Scope of Work
The scope of work for the LLARVRAP includesthe following elements:

A historical review of previous relevant plans and studies

A characterization of the issues related to the aquatic and terrestrial resources

A characterization of the mine pools and drainage points

An active monitoring, data coltéon, and analysis program

A community stakeholders committee process and apkeson interview process to
develop input, review findings, and build consensus for recommendations
Publication of the LLRWRAP as per stakeholders consensus

All leading to he eventual completion of a QHUP for the Lower Lackawanna River

= =4 =4 -4 -9

= =4

Primarily, staff from the LRCA, EPCAMR, and SRBC have conducted the research and
fieldwork with additional technical field services provided by PA Tectonigés.community
stakeholdersammitteg LLWSG, has been convened at the invitation of LRCA. The LLWSG
have met several times during the course of the planning work and have provided review and
input into the LLRWRAP development and its recommendations.
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The primary objectives of this scemf work are to produce all of the infoation necessary to
complete theLower LackavannaQHUP, which will then be prioritized by PA DEP for the
installation and operation of an AMD treatment system and to convene a conmirasety
stakeholders group tagport and advance that objective.

The development of additional recommendations is dependent on securing the QHU and building
the AMD treatment facility.
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2 Lower Lackawanna River Watershed Background

2.1 Hydrology, Geology, and Soils

The Lackawanna Rer flows for nearly 60 miles through a 350 square mile watershed in four
counties in Northeastern Pennsylvania to its confluence with the North Branch Susquehanna
River at Coxton near Pittston, Pennsylvania. The Lackawanna rises in a series of ghasal po

and wetland bogs along the border areas of Wayne and Susquehanna counties in the glaciated
plateau provine of the Appalachiaklountains (Figure-1).

The source ponds and bogs lay in an arc approximately twelve miles to the northwest, north and
northeast of Feest City, Susquehanna CountyThe source ponds of the West Branch
Lackawanna River are Sink Hole Swamp, Lake Romobe, Ball Lake, Hathaway Lake, Fiddle
Lake, Lowe Lake, and Lewis Lake. The East Branch Lackawanna River source ponds are Bone
Pond I ndependent Lake, Dunndés Pond, Mud Pond,

The East and WestrBnchesof the Lackawanna Riveflow together at Skwater Dam, a flood
control impoundmentonstructed by the U.S. Army Corps of Engineers in 1960, located one
mile south of Union Dale along PA Route 171. After flowing through Stillwater Dam and Old
Stillwater Lake, a water supply reservoir, the river flows through Stillwater Cliffs, the
Lackavanna Water Gap, and begins its 39 mile course through tHewaona Valley to the
LSCA.

The Lackawanna Valley is the northenost portion of te Appalachian Ridge and Valley
Province. It also forms the northern half of the Lackawanna/Wyoming Synélitegge geo
synclinal fold in the Allegheny Front Range, which doubles back on itself to form the east and
west rims of the synclinal valley.

The LSCA occurs at the midpoint in the 75 mile long Lackawanna/Wyoming Valley. The
Susquehanna River entere thalley through a water gap marked by a cut in the western rim of
the syncline. The cut creates an escabpment
miles north of the LSCA

Roaring Brook, t he Lackawannas Plateaur afpegstihe t r i b
Lackawanna and Wayne county boarder immediately west of the headwaters of the Lehigh
River. Roaring Brook fl ows west through Cob

Meadow Brook and Spring Brook also rise on the Pocono Platehdl@av west through the
Moosic Mount#ns into the Lackawanna Valleylt he bal ance of Lackawanna
rise in spring seeps and wetland bogs along the flanks of the West and Moosic Mountains.

The perennial base flow of the LackawarRiger is relative to hydrayeologic interactions, soil
conditions, and the climatic precipitation cycles in the northern Appalachian region. The
glaciated features such as the swamps, bogs, ponds, and lakes at the headwaters of the river and
tributary streams see as reservoirs interrelated to regional groundwater flows. The geological
conditions and soils of the Lackawanna watershed influence the quality of groundwater as well
as its quantity.
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Figure 2-1 Lackawanna Watershed Map and Chapter 93 Designated Uses of Streams.
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Figure 2-2 A 3-D Model of the Lackawanna River Valley.
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Much of the riverdos flow from the gl aci al we
stored in deposits of glacial till (boulders, cobble stones,, santtigravel deposits) amal faults

and fissures in sandstone and shale strata. The groundwater is recharged by percolation of rain
and snowfall from rocky less permeable soils in upland areas along the Moosic and West
Mountains and along the Allegheny/Pocono Plateaus.

Groundwaer flows along the river and lower reaches of many tributary streams are also
impacted by the manmade conditions of the flooded subterranean abandoned mine network
which underlies the Lackawann @rgeguaatitie$of mima ng V&
refuse, overburden piles, and stripping pits form significant surface features in the valley that
impact groundwater quality and quantity.

The periodicglaciationsthat occurred during the past 500,000 yeake valuenced the surface
hydrologic conditims and some of the stream flow patterns of the Lackawanna Valley. The
presence of anthracite coal along the main portion of the Lackawanna Watershed is a much older
legacy, dating back 300 million years in geologic time to the Paleozoic era. Contdrénhtaid

plate tectonics created a repetitive pattern of mountain building, rising, and lowering of seabeds
and the emergence and disappearance of vast Evetijadavamps.

The vegetation of these swamps built up layers of decaying organic matgréatpwhich were
successively covered with sediments as oceans rose to submerge the swamp. After 150 to 200
million years of this repetitive process, the area of NorthPasinsylvania was subject to
tectonic plate movements, which created the Appaladdianntains. The mountain orogeny
caused tremendous physical pressures on the coal deposits of Northeast Pennsylvania driving out
volatile organic compounds and increasing the carbonization of the coals. This resulted in the
creation of anthracite, the fugest of all coals.

The mountain orogeny also created the uniquefdéand of the Lackawanna Synclinevhich
dominates the watersheds topography. The mountain building resulted in the uplifting of the
Allegheny Plateau and the folding of the Ridge andeyaProvince. The Lackawanna syncline

forms the LWV While the valleys have separate names, they are actually the southern
(Wyoming) and northern (Lackawanna) portions of the syncline. The syncline is formed of
concave folded rock strata similar in somays to the bottom or trough portion of a wave. The
crest portions of the wave known as anticlines have eroded away from the ridgelines on the east
and west of the vallefFigure2-2).

There is an anticline feature that lies under the base of thersyaeld perpendicular to its axis.

Known as the Moosic Anticline, it is evident by its crest of sandstone rocks visible in the
riverbed at Ol d For ge eaidgdlinesaboveGhe im$CAThik fediuse, L e d g e
roughly along thd.ackawanna.uzerne County border, also serves to divide the valley into its

two parts.

The anthracite coals are contained in the Llewellyn Formation, which consists of alternate layers
of sedimentary rocks (sandstone and shale) and the metamorphiciatoakc The Llewellyn
Formation is underlain by the Pottsville, Mauch Chunk, Pocono, and Catskill Formations. The
Pottsville contains coal, shale, sandstone, and conglomerate. The Mauch Chunk is characterized
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by reddish sandstones and shales. Themo&ormation is composed of very dense sandstones
and conglomerates. The Pocono Formation outcrops along the ridge tops of the Moosic and
West Mountains and is underlain with Catskill sandstones and shale. The Catskill Formation
predominates on the artperimeter of the watershed to the Pocono Plateau in the east and the
Endless Mountains/Allegheny Plateau to the northveest (Figure2-3).
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Figure 2-3 Generalized columnar sections showing names, average thickness of coals (in ft), and intervals between beds in
the Pennsylvania Anthracite fields from Wood et al. (1986). Calcareous zones have been supplemented by data from

Edmunds et al. (1999) and Innes and Fabiny (1997).
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The following soils and associations are listed in the USDA soils survey for the Lower
Lackawanna Rivewatershed (Figurg-4).

Ag  Alluvial land (hydric soil)

ArC  Arnot very channery silt loam, very rocky, 3% to 15% slopes
AsD Arnot-Rock outcrop complex, 8% to 25% slopes

ASE Arnot_Rock outcrop complex, steep

BrB  Braceville gravelly loam, 3% to 8% slopes (hydric soils)
CF  Cut and fill land

ChB Chenango gravelly loam, 3 & to 8% slope

ChC Chenango gravelly loam, 8% to 15% slopes

Da  Dumps mine

Ho  Holly silt loam (hydric soil)

Ln Linden soils (hydric soils)

Mg  Mine dump

Mh  Mine dump, burned

OXF Oquaga and Lordstown extremely stony silt loams steep
Pp Pope soils, rarely flooded (hydric soil)

Ps Pope soils (hydric soils)

Sm  Strip mine

UA  Udorthents, strip mine

Ub  Urban land

Uf Urban land, rarely flooded

Ur Urban land

Us  Urban land occasionally flooded (hydric soil)

VoC Volusia channery silt loam, 3 % to 8% slopes (hydric soil)
wW Water

WrB Wourtsboro channery loam 3% to 8% slopes (hydric soil)
WrC Wourtsboro channery loam 3% to 15% slopes (hydric soil)
WrD Wourtsboro channery loam 15 % to 25% slopes (hydric soil)
WyA Wyoming gravelly sandy loam 0% to 3 % slopes

WyB Wyoming gravelly sandy loam 3% to 8 % slopes

WyC Wyoming gravelly sandy loam 8% 1.5 % slopes

WyD Wyoming gravelly sandy loam 15% to 25 % slopes

WyE Wyoming gravelly sandy loam 25% to 45 % slopes

WyF Wyoming gravelly sandy loam 45% to 60 % slopes

=4 =2 -0_0_9_9_9_9_40_2_9_9_9_92_2_9_9_99_92_92_9_9_92_92_2_9_9_-°2_-2_-2_-2._--2--°
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Figure 2-4 GeneralizedSoils for the Lower Lackawanna Valley
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Water gaps form some significant visual and topographic features and act as gateways to the
valley. Some of the water gaps are:

1 The Lackawanna Water Gap at Stillwater Clififsrth of Forest Citys the point of entr
of the upper Lackawanna River into the synclinal portion of the watershed.

T Cobbds Gap i n t he Moosi c Mountain all ows
headwaters on the Pocono Plateau to its confluence with the Lackawanna River in
Scranton.

1 The Notch oreggett 6s Gap all ows passage of Lec

Mountain to its confluence with the Lackawanna River in North Scranton.

Campbell 6s Ledge or the Susquehanna Water Ga
Susquehanna River into the syneliwyoming Valley just upstream tfe LSCA. The geologic

boundary of the Llewellyn and Pocono/Pottsville Formations runs roughly at about 1500 feet in
elevation along the east and west flanks of the valley. Many of the Lackawanna tributary
streams havereated waterfalls, serpentine rock cuts, and ravines at these geologic intersections.
Some better known waterfall sites are Nay Aug Falls and Gorge on Roaring Brook in Scranton,
Fallbrook in Carbondale, Panthers Bluff in Simpson, and Blakely Falls orCrzek.

2.2 Flora and Fauna

The Lackawanna watershed supports a diverse temperate mixed forest with a variety of habitats
influenced by location, elevation, soils, and human impacts. The watershed provides
opportunities for both northern and southern focmshmunities. The foressiin a secondary
succession agrtually all of the native foreswvascut for lumber during the 19th Century.

The forest communities transition from southern with mixed oak (chestnut) to northern with
maple, ash and hickory. Semepresentatives of arctic and boreal communities are also present
due to elevation and soils.

Appalachian heath barrens along the Moosic and West Mountains are influenced by shallow
soils and wind exposureScrub oak angitch pine communities thin oo acidic rocky summit
communities hosting sedges and lichens. Wetlands in the Roaring Brook and Spring Brook
watersheds and in the headwaters of the Lackawanna provide habitat for some boreal forest trees
such as tamarack, black spruce, and paper .bifidie wetlands also contain some bogs with a
variety of pl ants such as pitcher plant, | ad:
and mountain laurel.

The watershed habitat supports a variety of game andjame aquatic, terrestrial, andiav
fauna. Common mammals are whitetail deer, black bear, raccoon, fox, mink, beaver, and
muskrat. There have been several reported sightings of river otter in the Lackawanna.

The river corridor provides habitat for numerous waterfowl with mallard, pkwk wood ducks

being the most commonly sighted ducks. Great blue heron, green backed heron, and belted
kingfisher are regularly seen. Osprey, barred owl;taddnawk, coopers hawk, and sharp
shinned hawk are also found in the watershed. The AmdakhEagle has been reintroduced
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into the Susquehanna and Delaware Watersheds and there are numerous sittings of Bald Eagle
along the Lackawanna. The Lackawanna watershed is part of the Atlantic Flyway and hosts
numerous migratory species with the riverridor and wetlands being important to water fowl
migrations, while the ridgelines of the West and Moddiguntainsare important migration
corridors for both raptors and néwpical migratory songbirds.

The fishery of the Lackawanna provides a clabsigitat for trout. The Lackawanna was noted
historically as a fishery for brook trout. The river and its fishery habitat were nearly completely
destroyed by 15@ears of anthracite mining. During the past thirty years, the river has
recovered in areand the brook trout have reestablished. The native brook trout, common to the
river and many of its tributaries, have been displaced in areas by the introduced brown trout.
Brown trout are now the dominant indicator species in the main stem of the Lackaaawell

as the East and West Branches and the larger tributary streams.

The Pennsylvania Fish and Boat Commissi®+BC) classifies a 14nile reach of the
Lackawanna from Fallbrook in Carbondale to
fishery for trout (Figure2-5). This classification is based on a fishery study in 1992, and a
follow up study conducted in 2010, which noted a reproducing population of brown trout and
brook trout in the 16nile reach.

According to the fishery study the rivéegins a transition from a predominantly coldwater
fishery to a warm water fishery at the border between the Boroughs of Throop, Dickson City,
and the City of Scranton, at around River Mile (RM) 15 where Interstate 81 crosses the
Lackawanna.

Other fishcommon in the Lackawanna include a variety of darters and dace, smallmouth bass,
sunfish, crappies, carp and suckers. The Lackawanna watershed also provides habitat for a
variety of amphibians such as spotted salamanders and green frogs. Common aeptiles
rattlesnake and snapping turtle.

Several studies, inatling two conducted by the LRChAave shown that the fishery and aquatic
habitat become completely degraded in the lower three miles be@kRrand the LSCA Fe
loading and disposition from tf@F B 6 s M@DOminé drainage flow are largely responsible
for the loss of fishery, aquaticbitat,and water quality in thedwer Lackawanna.

Gl

A Natural Areas Inventory of Lackawanna Coumtp s compl et ed by t he Nat

Pennsylvania Science fide in 1997. Luzerne and Lackawanna Countiesnpleted a Bi
County (pen Space Conservation and Recreation Plan in 2005 to develop management programs
involving propertyowners and public and ipate conservation agencies dealing with the dong

term protetion of natural habitat and open space lands.
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2.3 SocicEconomic and Cultural History

The Frances Dorrance Chapter of the Pennsylvania Society of Archeology has documented the
earliest human evidence in the Lackawakviatershed A dig site at the LSCAias produced
artifacts from the preontact Woodlands Period 800 to 1400 A.D. to the ArciB&ie0 B.C.

Period. There have been other documented discoveries along the ridgelines of the valley at sites
known as rock shelters. Due to the development of towns and mining sites along the floor of the
Lackawanna Valley, the integrity of most of thelbuip area for archeological value has been
destroyed. Horace Hollister in his 18History of the Lackawanna Valleglates the discovery

and despoliation of Lenape gravesites in the vicinity of the Tripp Homestead in Scranton.

The historic record also contains the heritage of Native American paths and trails. The
Susquehanna Warrior Path followed the Susquehanna from the Chesapeake to the Finger Lakes
Region. The Lackawanna Path and the Oquaqga Path were &ghopt the valty to the Lake

Otsego headwaters of the Susquehanna at present day Cooperstown, New York.

The region was settled by people from Connecticut and the Philadelphia region between the
1760's and 1780's. These groups fought skirmishes with one anotherthndenape and
Iroquois groups during the period. The conflicts known as the YanReanamite Wars were
resolved by 1787 and Connecticut relinquished its claims. The settlers were lgnd title

under nnsylvanidaw and Luzerne County was founded.

An important battle, known as the Wyoming Massacre, occurred in the valley during the
American Revolution. In July 1777 a war party of approximately 800 Loyalist Tories and 1200
Iroquois moved down river from Nework, besiegedand sacked the Wyoming Vall farms

and settlements at Wilkéarre, Forty Fort, and Pittston.

The Continental Congress commissioned John Sullivan to conduct a punitive campaign the
foll owing year. After successive battl es, S
force and laid waste to their villages and crops. The removal of the Iroquois as a political
military presence on theeRnsylvaniaNew York frontier was a strategic victory intheat i on 6 s
war of independence

Following the Revolutionary War, the region deged primarily with an agricultural economy.
Economic development was hindered by the difficulties of transportation through the mountains
between the valley and coastal settlements. The presence of anthracite coal began to attract the
attention of capalist entrepreneurs after the War of 1812. By the 1820's, anthracite coal was
recognized as both an industrial and domestic fuel, more economical and practical in its uses
than wood or charcoals.

The areads rivers became shppedrdowa the ladkawanmarame r c e
Susquehanna or taken in ox carts to the Lackawaxen, Lehigh, and Delaware Riners.
Commonwealth of PAoperated a canal system along the Susquehanna River duringthe 19
century. The SCAwas an important junction on thedinal system. The Lackawanna River was
impounded near the present day location of ltheerneLackawannacounty boundary as a

source of water for the Wyoming division of the Canal. A boat basin was located in Duryea
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where the Duryea Breach is presentlgdted. A section of canal prism is found nearby along
the Lackawanna just downstream of the Duryea flood levee.

The Scranton Brothers and other investors developed the Delaware, Lackawanna, and Western
Railroad(DL&W) in 1852. The DL&W provided an altesitive means of transportation, which
further accelerated the valleybs devel opment.
a Gravity Rail Road connecting to the D&H Canal at Hawley and the Susquehanna Canal at
Pittston. The Lehigh Valley Railrodthversed the Penobscot Mountain to establish the rail yard

at Coxton as the upper division of the Susquehanna Canal was abandoned after the Civil War.

The Erie Rilroad had several routes into the Lackawanna Valley. The New York, Ontario and
Western Rdway was the last railroad to develop a route into the Lackawanna Valley in 1890.

The demand for anthracite coal as a primary fuel accelerated as America underwent the industrial
revolution in the midl9th Century. Coal mining activities increased aéwefish pace in the
watershed. Coaliron, and rail industries were intertwined along the valley even as they
competed for markets. The impacts of the infrastructure and coal mining process caused a
tremendous amount of ecological, geological, and hgdichl damage to the watershed. This
damage expanded with the advent of strip mining and wet process coal preparation in the early to
mid-20th Century.

The production banthracite coal peaked in 1917 at more th@0 million tons. The human
populationof the region, which had grown exponentially with large European migration in the
19th Century, peaked in the 188 The combined populations of Luzerne and Lackawanna
Counties at the 1930 Census was 755,90 human population of the Lackawanna Valley
evolved into a diverse spectrum of ethnic, cultural, and religious groups. English, Welsh, Irish,
and German were the predominant early migration groups with Southern and Eastern European
groups arriving in large numbers between the 1880's and 1920's.

The conflicts between industrialists and the working classes in the anthracite region contributed
to the evolution of the American Labor Movement. These conflicts helped to institutionalize and
legitimize collective bargaining agreements. By the 192Bugh numerous strikes in the
previous fifty years, regional coal and rail workers had finally achieved a reasonable standard of
living.

The Great Depression of 192940 had a profoundfect on the regional economyhe market

for anthracite coal lgan to diminish along with employment in the mining and rail industries.
Strip mining became a more common practice as underground mining became more expensive to
conduct. Social dislocations became endemic as workers left the region for better and safer
employment opportunities with manufacturing industries in nearby states. Thagpation
increased during and after World War Il and remdiegident into the 2000 Censu8y the

2010 Census, the population of Lackawanna and Luzerne counties stiaailis85,355and

showed a very slight rise.

The fueldependence of the Ushifted away from coal to oil and natural gas after World War 11.
By 1957, the costs of mining exceeded the price per ton of undergioimetl anthracite coal.
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In 1959, the tragi Knox Mine Disaster occurred at Pittston wilba Susquehanna River broke
into the underground workings and flooded all deep mines in the Wyoming Valley.

On November 11960, the Hudson, Moffat, and Glen Alden operations ceased underground
pumping in he Lackawanna Basin.

The mine voids flooded creating the MSMP between Old Forge and Archibal@entral and
No. 9 Pools in the Duryea, Avoca, Dupont area; the Jermyn Pool in the Carbondale area; and the
Hillside and Klondike Pools in the Forest City Area.

On November 11966,the Continental Mine at the base of West Mountain was closed, ending
all underground mining in the Lackawanna Valley. This mine is now open as the Lackawanna
Coal Mine Tour at McDade Park, operated by Lackawanna County.

Marginal coal strip mining and culm bank reclamation projects have occurred from time to time
since the 198's. Numerous PA DEP BAMR projects were completed based in part on the
Scarlift program of 1970.

The communities in th& WV engendered their own recovery from the Anthracite Industry.

Local chambers of commerce, business and local governments haveatedpde create an

economic diversity of manufacturing, logistical, and high tech industries. This economic growth

has expanded at the beginning of the 21st Century with a larger role for the information industry

and institutions of higher education. Thecent economic marketing initiatives promote the
areabds communications and technol ogi cal i nfra
town values, open spatatural areas, and recreational opportunities as a foundation for smart
economic grouh.

While working to recover from the demise of the Anthracite Industry, the City of Wikes

and the entire Wyoming Valley experienced a cataclysm in June 1972 with the then record
Hurricane Agnes Flood. Following a flood recovery period of sewelar s i n t he 197
Wyoming Valley moved apace with the Lackawanna Valley in continuing to seek new
development opportunities. The development of the tourism industry and agencies such as the
Lackawanna Heritage Valley Authority and community grolilgs the LRCA, The Wyoming

Valley Wellness Coalition, raiso-trails groups, and land conservancies have all highlighted our
communitiesd interdependence and the connect.i

Luzerne and Lackawanna Counties have caetinto collaborate, most recently in completing a
joint comprehensive plan. This plan emphasizes the importaihoene reclamation work to
restoreland and water resources in the LWV. These lands could theavaiable for new uses
contributing to theeconomic advancement of the region. The plan also suggests-teiong
transportation improvement program focused on renewal of transportation infrastructuge in th
developed core of the LWV.

The LSCA in the heart of the Scranton/WilkBsrre/Hazleton Meopolitan Area, is well

positioned for economic growth in the near term relative to the growth of the Marcellus Shale
Gas Industry in adjacent portions of the Northeast Pennsylvania.
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3 Review of Previous Studies and Plans

3.1 Dodge Report- 1904

At the beginning of the 26 Century, the social, cultural, economic, and environmental effects of
the industrial revolution on the population and landscapes of America had become evident. In
PA, the coal and steel industry had hollowed out mountains and befouled rivers withimgcreas
rapaciousness Following the Avondale lhe Disasterof 1869 which took 110 lives in
Plymouth the PA General Assembly enacted a Mine Safety Inspection Program. The annual
reports of the PA mine inspectors, published by the Commonwealth, illustvatke aange of
assessments related to accidents and their human and physical effects.

By 1900, the Progressive Movement across America began to take a second look at what
industrial activities were doing to our communities, their residents, and enviraménie
manifestation of this effort was the commissi@niny the Commonwealtbf an engineering
assessment on the impacts of mine drainage and coal processing operations in the NAF. This
work was conducted by M. Dodge. He issued a report in 1904 tHescribed the scope of the
problems as they affected the Lackawanna and Susquehanna Rivers. This was the first
comprehensive report on the problem in what would become a long line of reports every 10 or 15
years through the 30century.

3.2 Ash Reportsi 1950s
I n the 19406s and 19506s the U.S. Burofetteu o f N
anthracite regional mines and drainage led by SAsh. This work was published as Bureau of
Mines Bulletins #517 & #518. Additional related work was putdis in various Report of
Investigations, Technical Reports, and Circulars.

The catalyst for this work was the public policy importance of the economic and national
security aspets of the anthracite industryBy 1940, the extensive effects of mining athe
impacts of the financial and engineering challenges of managing mine drainage were causing
concerns that lorterm pumping costs or a set of mining accidents could combine to hasten the
demise of anthracite as a critical energy sourdbe northeasta US

A huge public works project, AThe Conowingo
anthracite drainage problenA ~200 mile long underground tunnel, twelve feet in diameter, was
proposed to run from the east bank of the Susquehanna River theld®onowingo Dam in a

north northeat bearing to drain all of thenthracite mine fields from Dauphin northward
through Lackawanna Countylhis project was unable to achieve a policy consensus before the
endof underground miningameto the AnthracitdRegion

The fiAsh Reportso and associated wor kurepfr ovi de
the anthracite industryThis failure eventually occurred with an economic intersection in 1957

when the overall costs of mine drainage pumping in NiAd exceeded the price per ton
available at market. This was followed sadly by the criminally involved disaster at the Knox

Mine in Pittston in January 1959.
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3.3 Old Forge Borehole Installationi 1962

By 1960, onéby-one the major anthracitgperators in th&AF closed down their underground
operations. Glen Alden, Hudson, Pennsylvania, Penn Anthracite, and numerous smaller
operators abandoned t heir pumpi ng facilitie:
arrangement for mine drainage pumping left Moffat IG0ampany as the last man standing.

Moffat notified the Commonwealth of PA that it was ceasing pumping operations in the basin on
November 1, 1961.

During the winter of 1961962, the mine complex under the Lackawanna Valley filled with
water and begamo surcharge oujust aboutany and every available openjnghaft, slope
boreholeor airshaft. When these outfalls were near the river or a tributary stream, the drainage
generally did not cause much public concern. However, there wsiagieoutfal of sufficient
capacity or location to serve as a control point to alleviate the numerous drainage outlets that
were causing property damage and threatening public safety.

Mine water discharged dtigher elevations and flowed through neighboring properties and
streets to reach nearby watercourses. Inllomg areas, the mine water raised the ground water
table causing basement flooding and ponding in-lioag neighborhoods.A collapse of the
Pheenix Shaft in Duryea led to thground ruptureand an upwelling of mine drainage that
continues today as theutyeaBreach (DB)

In order to address public safety issues and stabilize the mine pool under the City of Scranton
and the central Lackawanna Négy, the Commonwealth and federal mining engineers
collaborated to propose, design, and build an outlet alemgackawanna River in Old Forge

now known as the EB. This structure was designed by the Division of Flood Control of the
Department of Forestand Waters for the Department of Mines and Mineral Industries. It was
constructed between May and September 1962 by the Ezra Stipp Construction Company of
Scranton. The 42 inch diameter borehole penetrates through 107 feet of sandstone in the crest of
the Moosic Anticline into the Red Ash Vein of the Old Forge Colliery on the west bank of the
Lackawanna River approximately 800 feet upstream of the Union Street BriBgsign
drawings of OFB can be fourd Appendix A.

Following the cessation of undeogind mining and pumping in the northern field in 1961 and

the initiation of gravity drainage at tf@FB and DB, most mine drainage in the Lackawanna
Basin became concentrated at these points and several smaller points including the Lackawanna
Shaft, Grauiy Slope, and Dana Tunnel in the upper end of the main Lackawanna Basin. This
mine pool complex is the MSMPThe mines in the area of Carbondale form the Upper
Lackawanna Mine Pool complex and discharge primarily at the Jermyn Outfall. There are
severalmine pools in the Simpson/Forest City area that discharge at the Vandling Outfall and
several smaller discharges such as the GreyeSlod Klondike Outfalls (Figurg1).

3.4 Sanitary Water Board Butler Tunnel Study - 1967

The Sanitary Water Board of theo@monwealth of PA established an Advisory Committee on

the Abatement of Mine Drainage Pollution on the North Branch of the SusquehannarRiver

early TR®R&0@wsr k of this committee | ed to sever
look at pasible solutions and costs.
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Figure 3-1 Map and pictures of the largest AMD oultfalls in the Lackawanna River Watershed.
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The PA Department of Health and Sanitary Water Board commissioned an engineering study by
the firm Gannett Fleming in 1965. This study was to develop a feasibility assessment for a
treatment plant that would treat thHeutler Water Tunnel (BWT) Dischargentering the
Susquehanna Rivet Pittston. BWT does not impact the Lackawanna Rivdris work was
amended to include a plan to tap and treat thB &hd DB as well. This study was completed in
1967. It recommended that a large mine drainage treatpiant using an oxidation and
neutralization process be constructed and placed in aperaear the LSCA There were
numerous policy questions related to capitalization as well as-téong operation and
management that the Gannett Fleming plan couldduareas. PA was in the process of adopting
more stringent mining and reclamation laws. These laws did not provide a mechanism to address
mine drainage treatment from abandoned mines. Without a clear mechanism to fund construction
and guarantee lontgrm operation, there was no support to build such a treatment plant.

3.5 United States Geologic Service Studigsl 9 6 0 6 s

The United States Geologic ServifgSGS)produced a number of field investigation reports
beginning with a 1964 report dine Waters in the Nithern Anthracite Fieldoy Ivan Barnes,

W.T. Stewart, and Donald W. Fisher. This report established a baseline on water chemistry that
serves as a point of comparison to contemporary studies on the water quality of these waters.

3.6 PA DER Scarlift Reports- 1972 and1978

By 1970, PA underwent a change in administration and a reorganization of several departments.
The new Department of Environmental Resources (PA DER) combined the functions of the
previous Departments of Forests and Waters, Mines and Mineladtries with some functions

of the Department of Healtand the Sanitary Water Boar@n the federal level, the PA Clean
Streams Act of 1937 served as a template for the Clean Water Act enacted by Congress in 1972.
PA mine reclamation regulations likese helped to inform the Surface Mine Control and
Reclamation Act of 1977.

Alsoaur i ng t,hPA DERMifidded the Operation Scarlift Preggn to assess AMD and

AML across R. Scarlift produced two reports in the Lackawanna Basin conducted by Elbert
Peters & Company of Scranton. The Part One Report was published in 1972. It focused on the
smaller perched pool outfalls in the Fsir€ity to Simpson area of thepper Lackawanna Basin.

Scarlift Report Part Two for the Lackawanna River was publisieedl978. It was a
comprehensive assessment of all of the larger outfalls that included Jermyn Tunnel, Dana
Tunnel, Gravity Slope, Lackawanna ShafEE) and DB. Several smaller outfalls were included

as well. Water chemistry data was collected and assst all discharge points. The river and
major named and unnamed tributary streams were asskssediltration points and lsing
reaches. Upland stripping areas were assessed and recommendatexmade for regrading
anddrainage improvements

This Scarlift Report continues to serve as a baseline for our ongoing work on the O&BP,

and DB. The Scarl i ft recommendati ons for str e

have been incorporated into numerous Commonwealth funded flood control projects over the
past 30 years as well as several newer PA DEP BAMR stream projects rtiiaheo stream
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channel sealing usingthylene propylene diene monon{(&PDM) fabrics with natural stream
morphology based restorations.

The final recommendation from Scarlift Part Two for the Lackawanna River did not include a
treatment or abatement of mreidlrainage. It proposed a 24 mile long concrete culvertization of

the Lackawanna River. This plan would intercept mine drainage in one concrete channel and
convey river water in a patal channel. At the LSCAthis plan suggested routing the mine
waterinto a french drain to discharge it into the bed of the Susquehanna. There were no clear
costs established for this proposal afwttunately, it was never implemented. It would have

placed the Lackawanna River into a concrete lined channel systefty, teteoid of natural

habitat and morphological value and very similar to that imposed on the Los Angeles River.
This would have destroyed the real Lackawanna River and swept the issue of mine drainage
Aunder the carpeto orquehmarnher wunder the bed of

3.7 Other USGS Studies 1970s and 1980s

The Pennsylvania Geologic Survey publishedReport on Ground Water Resources of
Lackawanna Countyn 1975 that examined the mine drainage problems in the Lackawanna
River. This report by Jerrald Hollowelhd Harry Koester also includes a look back at historic

mi ne drainage data from the 19406s for compa
there continued tbe a decline in acidity and Fe loading frearly data setsf OFB and DB.

During the 198 0 s t he USGS revisited t he Lackawann
Investigative Report by D. Growitz, L. Reed and M. Beard. This work again confirmed a
decrease in acidity and Fe and a rise in alkalinity and pHFBt&d DB.

3.8 Other PA DER Studiesi 197G and 1990s

PA DERBureau of Water Quality conducted two investigationshefltackawanna in 1979 and
1991. The 1991 report by E. Kupsky and S. Wills was focused on establishiagpgiars for
metals management fONPDES permits in the Lackawanna Basilh.identified mine drainage
both from the mine pool complegand from surface runoff on coal waste piles as significant
contributors to metals loading.

3.9 PAFBC Studiesi 1970s and 1990s

PAFBC conducted fisheries habitat studies on the Lackawanna in 8. Daniels) and in

1991 (R. Moase and T. Copeland). These studies identified a decline in acidity and metals in the
upper watershedout persistent metals loading problem frorRBDand DBand a continuing
related degradation of water and habitat quatitthe Lower Lackawanna River.

3.10 SRBCO kackawanna River Priority Water Body Survey Report i 1989

SRBC published &dackawanna River Priority Water Body Survey Report and Water Quality
Reviewby C.P. McMorran (SRBC Publication 124, 1989). This work ideaiftwo AMD
sources (BB and DB) and three sewer plants as primary contrisuto water quality
degradation to the Lackawanna River.
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3.11 Lackawanna River Plani 1989

Local residents organized the LRCA with a mission to conserve and restore the Lackawanna
River in 1987. The LRCA developed a Citizens Master Plan for the Lackawanna River in 1989
that identified AMD as a major issue to be addressed to advance the i@storat

3.12 Lackawanna Heritage Plani 1991

A related plan for the Lackawanna Heritage Valley was developed by Lackawanna County and a
Community Heritage Task Force in 1990. This plan also identified AMD and AML issues as
problems that need to be addressed bgl|cstate, and federal governments.

3.13 Lackawanna River Greenway Plan- 1993

The LRCA collaborated with the United States Army Corps of Engineers to produce a
Reconnaissance Report for the Lackawanna River Corridor Greemvd®93. This report
identified a direct Federal interest in the Lackawanna River AMD problems.

3.14 National Oceanic and Atmospheric Administration Study- 1995

LRCA collaborated with the University of Scranton on a research project to characterize
pollution sources and impacts in an upper Chesapeake Bay watershed funded by the National
Oceanic and Atmospheric Administration in 1995. Among other findings, this report identified
excessive Fe precipitation and low dissolved oxygen levels as degrading faators o
macroinvertebrate and fisheries habitat in the Lower Lackawanna.

3.15 Lackawanna River Conservation Plan- 2001

LRCA conducted an assessment of the Lackawanna River between 1999 and 2001 to produce the
Lackawanna River Watshed Conservation Plan. Thiemidentifies the cleanup of theRB

and DB and the development of a confluence resource management area as recommended
outcomes.

3.16 Lackawanna River TMDL i 2005

The PA DEP Bureau of Water Quality conducted a TMDL assessment of the Lackawanna River
and severabf its tributary streams (C. DeLuca 2003j.established that the Lackawanna River
was degraded primarilydm AMD and AML. The TMDLfound that Fe loading needs to be
reduced by 92 percent at the mouth of the Lackawanna to meet water quality starfidasds
study also established TMDL reductiofir manganese, l@aminum, and pH to meet water
guality standards other sections of the Lackawanna River.

3.17 Susquehanna River Greenway and Conservation Landscapes2004

PA Department of Conservation amhtural Resources (DCNRnd the Susquehanna River
Greenway Coalition developed a Susquehanna River Greenway Plan in 2004 that identified sites
like theLSCA as having potential for recreation and heritage tourism.
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3.18 SRBC Subbasin Year 2 Study 2010

SRBC onducted a Middle Susquehanna Subbasin Year 2 Survey for the Lackawanna River (L.
Steffy 2010) following a Year 1 study of the Middle Susquehanna (S. Buda, 280%). of

these studies document the effects of AMD in the Lackawanna River.

3.19 Luzerne-Lackawanna Bi County Comp Plani 2010

Luzerne and Lackawanna Counties completed and adopted a J@ouRy Comprehensive

Plan in 2010. This plan identifies the remediation of AML and AMD issues as an important
element in the economic redevelopment of thelmunt y ar ea. The dill an al ¢
typeo devel opment i n areas wher e LSCAIsituatedi nf r as
mid-way in the Scranton/WilkeBarre urban corridoprovides a strategic location to implement

key tenants of theiBCounty Plan.

3.20 SRBC Anthracite Remediation Strategyi 2011

SRBC in partnership with EPCAMRpublished a Technical Report titlekhthracite Region

Mine Drainage Remediation Strateglly. Clark, 2011)hat surveys the entire Anthracite Region

and its AML an AMD impacts to the Susquehanna basin and tributary streams. This work
ranked the 320 Susquehanna River Basin Anthracite Region Discharges and prioritized the 20
most impacted outfalls. It also investigates the proximity of discharges and potentzdilitga

and established a strategic methodology suggesting a range of recommendBiiernsverall
recommendation was the construction of 10 active treatment plants throughout the Anthracite
Region. These 10 plants would treat 68 percent of the Fentnat? percent of the manganese
loading, 79 percent of the aluminum loading, and 60 percent of the acidity loading in the entire
Susquehanna River Basin Anthracite Region.

In this study,OFB and DB emerges as the second and sixth highest priority Aigiibargesn

the Anthracite Region respectivelylheir close proximity at only 1.7 miles between and their
similar water chemistry and hydrogeological linkagexlicate that they are amenable to
treatment at a single common facilitfhis was als@uggested by the Gannet Fleming Study in
1967.

The Anthracite region strategy further documents that, taken together, Duryea and Old Forge are
producing~25 percenbf the iron loadings entig the Susquehanna River via the anthracite
fields.

3.21 EPCAMR Mine Water Resources of the Anthracite Coal Region 2011

EPCAMR and a team of experts from PADEP, USG#,@68M completed a four year study of
water quantity, quality, and potential usage from underground mines in the Anthracite Region.
A majority of this study was funded by a Growing Greener grant from PADEP and a grant from
FPW. The objective of this project was to determine the immediate andelongavailability

(water quantity and water quality) of mimeter resources in the Westavtiddle and Sathern
Anthracite Fields of Eastern Pennsylvania; however its methodologies and applications were
carried forward to the Northern and Eastbtindle Anthracite Coal Fields at the completion of

the project in 2011.
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The project involved the compilation, emation, and synthesis of data on the hydrogeology of
flooded underground mines. Information maintained in paper files by State and Federal
authorities was digitized and combined with other available data to develop a comprehensive
geographic informationystem (GIS) database containing the locations, topographic elevations,
waterlevel elevations, flow rates, and water quality in wells, boreholes, AMD sources, and
associated stream reaches throughout the region. Additional data on the locations of coal
outcrops, barrier pillars, and mine boundaries will be included in the GIS database. These data
were evaluated to delineate horizontal and vertical boundaries and to estimate corresponding
current flooded volumes for the major mine pools, also known as-caliiery hydrogeological

units (MCHU) The associated recharge area(s) and primary discharge points for each of the
major mine pools were identified considering digital topographic, mine map, and aerial
photography data.

3.22 PEC's North Branch SusquehannaRiver Conservation Plani 2004

The Pennsylvania Environmental Council (PEC), Northeast Regional Office, and SRBC have
prepared a Rivers Conservation Plan for a-twie wide corridor along the North Branch of the
Susquehanna Rivefhe study orridor extemls from Jenkins Township and Wyoming Borough

in Luzerne County to the New York border and includes the Great Brea in Susquehanna
County. A significant portion of the scope of work includes identifying the visions, issues, and
concerns of the local selents through a series of public participation activities that included
public meetings, surveys, and steering committee meetigg$ensive GIS based maps have
been prepared by SRBC detailing historic, cultural, and recreational sites, land usetjgropula
data, and hazardous waste sites.

Historic mining activities, combined sewer overflows, and industrial pollution have impacted the
southern section of éhstudy corridor; however, the steeringronittee recognized early on in

the project that ectourism currently benefits the regiand could be greatly enhanced. The
study orridor and the surrounding region is historically significant and largely rural with many
beautiful vistas, particularly of the Susquehanna Rig&ro-tourism opportunities abaul. The
steering ommittee suggest multiple projects including studypwridor wide projets and site
specific projects.The study corridor for this project is immensely rich with historic sites ranging
in age from préhistoric to colonial to early Amerana. A significant aount of effort was made

by the steeringammittee to provide information on the historic sigthin the study corridor.

The steering @mmittee believed that preserving and enhancing historical aspects of the
communities would not dy provide educational opportunities, but also bring economic
opportunities to the region through the development oftegosm. Action phns were
developedhat highlighted projects within tHd.R-WRAP project area

3.23 PEC's Wyoming Valley (Susquehanna)River Conservation Plani 2000

The project area encompasses a-twile wide corridor (1 mile on each side of the river) from

the saithern border of the study arepproximately four miles south of the confluence of the
Lackawanna River terminating at E&e Borough on the west side of the river and Jenkins
Townshipon the east side of the rivehe northern terminus is the Susquehanna River to the
Pennsylvania/ New York border and the section of the river known as the Great Bend area of
Susquehanna Cotyn The last section of the studyreidor is from the confluence of the
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Lackawanna River and Wyoming Borough is degraded from AMD, AMLs, and culm pAes.
significant tributary to the Susquehanna River, the lower reach of the Lackawanna River is
severey degraded by AMD, municipal and industrial point source discharges, and siltation from
stripmined areas (Rudisill, 1979). In turn, the biological community is stressed from Fe
precipitate, siltation, and the effects of other mine drainage constituents.

Although only a short sulkeach of the Corridor extends into the Wyoming Valley, the
Susquehanna River is the recipient of major pollution fAWD, treated and untreated sewage,
urban runoff, and poor quality water from several tributaries in the afdese effect is a
significant degradation of both the water quality and biological conditions as compared to the
reach above the Wyoming Valley. Malione and others (1984) reported a moderate biological
community that was an improvement when compared toethdats found in the LuBuy (1967)
study. The improvement is attributed to the institution of municipal and industrial waste
treatment and the natural improvement of AMD.

Common themes presented throughout the corridor were the need for education, #hong wi
developing a balance between private landowners and public use, and the need for economic
development along the river.

Noted in the Plan is a reference to the vitally important and culturally distinct, Lackawanna
Heri tage Val | ey tagetpdrkewhishtcenters dnsthe fcoalrmening Histony of the
region. This heritage park also includes a section of the Susquehanna River along the
Lackawanna.uzerne County border.

An interesting response to a PEC survey question to municipalities wiondesl over a decade

ago, was that if integovernmental cooperation was necessary to implement the Rivers
Conservation Plan, the majority of the survey respondents favored either informal relationships
or the formation of a commission or authority. Theation of a state park near the river was the
second highest choice for the question. Action plans were developed highlighting projects.

33



4 Non-Mining Pollution

4.1 Storm Water

This plan considers storm water management needs relative to the new reofsiremeS4.

Under the amended CWAnunicipalities classified in an urban envinoent are now required by

the Environmental Protection Agency (EP#&)d PA DEP to apply for and secure a discharge
permit through the National Pollution Dischamyed Elimination System (NPDE$or all of the
separate storm water collection conveyance systems within the physical bounds of their
jurisdiction. This includes municipally and privately owned catch basins, culverts, inlets, pipes,
swales, detention posdand appurtenances. All of the municipalities within the NAF are
classified as MS 4 munijzalities.

Previously, the extent of storm water management requirements was contained in the Storm
Water Management Plan for the Lackawanna River Watershedredeps the Lackawanna
County Regional Planning Commission in 1991 in compliance with Pennsylvania Act 67 for
Storm Water Management. Its direction was to manage storm water quantafiledynew
requirements for M& now incorporate progressive attentitm the quality of the water
discharged through municipal systems. The permits will increasingly require municipalities to
take progressive and proactive measures to educate and involve their residents and business with
practices and technologies that pd®/ water quality benefits. The introduction of new
installations referred to as green infrastructure and commuitty best management priaets

will be outcomes of the M&Program.

The AML reclamation and AMDestoration programs recommended in this plan will engender
opportunities to include sustainable green infrastructure and facility best management practices
involving all aspects of the built environment and restored habitat systesnsl iadjacent to the
LSCA. This plan recommends thatl entities engaged in the LSCAgree to integrate
sustainable green infrastructure practice into their operations.

4.2 Flood Control

The LSCAexperienced record flooding in September 2011 as Tropical Storm Lee inundated the
Upper Susquehanna Basin with over eight inches of rainfall, less than two weeks after rains from
the remnants of Hurricane Irene had saturated the water3ihediver crest from the Lee flood
exceeded the previous storm of record, Hurricane Agnes &, b§7upwards of eight inches
(Figure4-1).

The flood levees in the Wyoming Valley wetaxed to their capacity, buteld. Flooding
affected areas above and below the area of levee protection. West Pittston, Duryed 8Qdithe

were flooded seval feetabove the Agnes levelln fact, Duryea itself, which had not been
flooded by Agnes, was overcome by the induced flood crest of the Susquehanna running up the
Lackawanna. The losses sustained by residents of West Pittston and Duryea are all the more
difficult since the availability of state and federal disaster assistance is restricted due to the
demands from smany recent natural disastefBersonal observation indicated a crest at Coxton
Rail Yard six feet above the top of rail structure. Agnes hedted at the same location below
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this grade. The Lower Lackawanna Sewer Treatment Plant on Coxton Road was flooded up to
eight feet and was placed out of commission for over a month afterwards.
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Figure 4-1 Tropical Storm Lee 2011 Highwater Marks and 100 Year Flood Zones in LSCA.
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This plan recognizes the importance of maintaining the natural fieod functions in LSCA

The facilities recommended and suggested in this planiogatedabove the 500 year flood

plain. Some portions of passive treatment wetlands may be within the 500 year flood plain.
These wetlands and associated infrastructure will be designed with an understanding that
flooding and flood damage restoratiaie & be anticipated in their operation and management.

This plan supports the policies of West Pittston and Duryea to install and upgrade flood control
works in the developed portions of tb@mmunities. This plan also supports work to protect the
Lower Lackawanna Sewer Plant from future flooding.

4.3 Sewage

The Lower Lackawanna Valley Sewer Authority (LLVSA) provides sewer collection and
treatment service to all municipalities in the Lower Lackawanna Watershed Area. LLVSA
operates an interceptor collectisystem and a treatment plamt Coxton Road in Duryealhe

plant serves a 20 square mile area including Duryea, Taylor, Old Forge, Avoca, Dupont,
Hughestown, and a portior Bittston Township antoosic (Figure4-2). Service to Moosic is
provided by aragreement with the Lackawanna River Basin Sewer Authority (LRBiSAugh

a bypass at the Moosic Sewdar that had been closed by LRBSA in 1997.

The LLVSA plant has a dry flow treatment capacity of 6 MGD and a wet weather capacity of 26
MGD. LLVSA is presently conducting an upgrade to its treatment works to meet Chesapeake
Bay Program requirements for Biological Nutrient Retcan.

This plan recommends that the LLVSA treatment plant be retrofitted and protected from a
flooding event the extent ofrdpical Storm Lee.The location and footprint of the plant is such
that it could be protected with a floodwall, levee system, and a pumping installation to insure that
it can be kept operational should an event of that nature occur again.

The sewer colletion system of the LLVSA consists of a main interceptor trunk line in and along

the banks of the Lackawanna River from the treatment works at Coxton Road upstream to the
vicinity of Keyser Creek in TaylorBr anch i nterceptor | enMils f ol I
Creek and Keyser Creek. The LLVSA serves communities with historic Combined Storm and
Sanitary Sewers (CSSYhere are 26 activ€SOpoints on the systemRecently 14 other CSO

points have been deactivated.

The LLVSA implements the nin@i ni mum controls to maintain th¢
of CSO events. Sevdr&CSO points on theSt Johnos Creek Line wer
consolidated into an autmated High Rate TreatmentnW in 2006 with funding from the
Lackawanna Watershed 20000Bram. This unit provides only primary treatment: solids
removal and disinfection. It di scharges i
excessive rate of infiltration into the mine pod.hi s reach of St . John
after hie runoff from a rain or snow event dissipates.

nt o
0s
The Tropical Storm Lee event demonstrated several other matters of concern with the LLVSA

Collection System.As the treatment plant flooded, the entire collection system was surcharged
and as no outlets we available, sewer flows backed up municipal lines and inundated low lying
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residences that otherwise mhgve been spared flood damagéeEhis plan suggests that the
municipalities and LLVSA investigate the installation of storage culverts and autoneatied b
flow prevention valves at key points along the collection system. The potential use of the
LRBSA Moosic Plant to store and possibly treat storm and flood flows from the Mill Creek
interceptor should be considered as part of this work.

4.4 Water Supply

Public Water Supply in the Lower Lackawanna Watershed is provided by the Pennsylvania
American Water Company (PAWC). This public utility operates a system of 36 reservoirs and
10 water filtration plants serving approximately 300,000 customers in Luzedneagkawanna
Counties.

The water gpply for the region had once been provided by the Pennsylvania Gas and Water
Company (PG&W). This company sold 36 of its reservoirs and treatment plants to the PAWC in
1998. The renamed PG Energy, a gas utility, rieted stock ownership of a subsidiary, the
Theta Corporation, which held real estate title to the reservoirs and 54,000 acres of watershed
lands. As part of the conditions allowing the sale of the PG&W water business to the PAWC,
the Public Utility Commision ordered that a Land Use Management Plan be developed by PG
Energy for the Theta owned lands. Some of the Theta lands, including some parcels around
Falling Springs Reservoir, had previously been sold by PG&W/Theta to private parties. Other
parcels were included in the landse plan. The plan recommended the use of these lands for
forest management and low impact residential development.

Water supply in the Lower Lackawanna is provided from reservoirs on Spring Brook through the

Nesbitt Water Filtra i on Pl ant . A water storage tank 1is
road. Reservoirs at Ca mplécatddlalong thd relgegop todhed F a |
west of the confluence, now function as reserve reservoirs but are not owned by the PAWC
(Figure4-2). PG&W had installed a water i ntake on Sc

developed a filtration plant to allow use of the intake as public water supply. A Falling Springs
water supply company has recengiynounced plans to provide wateithdrawalsto the shale
gas industry.

This plan recommends that the reserve reservoirs and other former PG&W parcels continue to be
maintained for reserve watemupply and forestry managementLow impact residential
development should only be allod/én the context of the Luzerhkeackawanna BiCounty (pen

Space Conservation and Outdoor Recreation Rlaal municipal plans and ordinances.
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Figure 4-2 Sewer and Water Treatment Plants serving the LSCA
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5 Mine Pools

5.1 Mine Pool Formation

The source of the hydrology for the mine pools in the Lackawanna is partially from natural
groundwater flows ruptured by tunneling and mining work. Thewalvelming source is surface
infiltration from subsidence fractures communicating to the beds of the river and its tributary
streams. Numerous tributaries lose flow entirelytte mine pool at certain points over
consecutive reaches. They exhibit dgdb most days except during and immediately after
storm events. Other points of infiltration are diffuse throughout the watershed where natural
topography and sub strata have been undermined and surface strip mined.

The Scarlift Report, the Bureau of Mis Bulletin Number 518, and the Lackawanna River
Watershed Conservation Plan AppendigMBne Reclamation Plgnand Appendix GRiver and
Tributary Stream Repgrall discuss the stream loss situation in detail. This plan recommends
that the following seams and affected reaches of their tributaries be considered as part of the
QHUP for the lower LackawanriRiver (Figure5-1).

1 Eddy Creek loses all of its flow at one point adjacent to the Marshwood Road exit of US
Route 6 in ThroopFrom the Marshwood &ad exit to Underwood Road, the Eddy Creek
channel has been totally obliterated by subsequent land development. From near
Underwood Road to the Schoolside Subdivisibe creek flows with local storm water
flows in a degraded remnant of its original cheln From Schoolside through South
Valley Avenue to its confluence, Eddy€zk flows in a constructed channel installed by
PA DEP BAMR. Eddy Creek is the largest single point sowofcafiltration into the
MSMP. This plan recommends the restoratioredfly Creek as a High Priority.

1T St Johnés Creek and Keyser Due®dhkirptodnsite f | ow
to OFB this plan recommends that they alsartuded in the QHUP

M Several sections of Mill Creek have been reconstructed intaificiarchanrel for flood
control purposes. Several other reaches show evidence of infiltration. Additional
channel restoration or remediation is recoemded for Mill Creek

T Leach Creek, a tributary of L edopkflowldss Cr ee
over a defined reach from the Morgan Hi ghyv
This plan recommends that Leach Creek receivaraiaestoration work

1 Several sections of Sterry Creek in Jessup have had channel restoration wostexhmpl
Thereare several interval reaches $tierry Creek that should be addressed with some
form of flow loss prevention

1 Several streams in the vicinity of Carbondale infiltrate directly into the
Jermyn/Carbondale Mine Pool and thereby indirectly ithe MSMP. This plan
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recommends that an additional QHUP be developed for the Upper Lackawanna including
Powderly Creek, Fall Brook, Coakr@&k and Wilson Creek

Information from the_ackawanna River Conservation Plan related to infiltration points:

1 The lower reaches of Spring Brook in Moosic, Spike Island, and Belin Village offer
opportunities for educational interpretation of the various types of structural and
nonstructural responses to issues related to bank stabilization, flood control, and mine
waterinfiltration. The U. S. Bureau of Mines published a definitive assessment of mine
drainage and surface infiltration in the Lackawanna Basin in 1952.

1 Identify and seal remaining infiltration points Sterry Creek andomplete BAMR
channel restorationdm the Robert Casey Highway to PA Rte. 247.

1 Highway mitigation could be matched with abandoned mine reclamation work to identify
and eliminatéHull Creekflow infiltration.

1 A complete channel restoration of Wilson Creek is recommended to eliminétatiof
into the mine pool from Richmondale to Simpson.

1 Stream bed sealing andstoration at McDadParkto prevent inftration of Lucky Run
at McDade Coal Mine Tour has been completed

T The original confl uence of h&adeep bbbtdratedly L e d g
extensive soil and gravel excavations along the flood plaimese pits are floodealith
Campbell 6s Ledge Run p mMhrevlooded pitgaretkhown as thes e h 'y
Duryea Swamps.Between the swamps and the ridge topeer voi r s, Campbel |
Run drops precipitously along the reservoir access road off Coxton Riedrun loses
flow to infiltration just prior to entering the swamps.

1 Due to infiltration into the underground mine pool, St. Johns and its tributasiesheir
base flow to the mines. The main stem loses flow along the north side of the landfill.
Sawmill Creek loses flow between the landfill and Keyser Avenue. Race Brook loses
flow where its channel was altered by the developer of homes in Austihtkleig

T From OO6Hara Road to Interstate 81 the dry
past surface mining and contemporary urban storm water flows. There is a concrete
channel liner between Interstate 81 and the PAR&con Road intersection in Dupon
This liner was ruptured in several places during the flood of 1996. These ruptures
provide direct access for stream flow infiltration into underground mine voids.

1 Eddy Creek drops from an elevation of 1540 feet at Marshwood Reservoir along
MarshwoodRoad. The loss of stream flow becomes more evident between 1200 feet and
1100 feet, where the stream loses flow completely via infiltration to the subterranean
mine pool. All flow is lost into a noticeable void at about the 1100 feet elevation
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approximagly 800 to 1200 feet upstream of the U.S. Route 6, Robert Casey Highway
exit at Marshwood Road.

The subsurface mine drainage hydrology in the NAF is difficult and challenging to understand
and manage. There are many unknowns due to the extent andtethafaihe geology and
hydrology and to the history and practice of mining activiti€bis is particlarly the case in the
LSCA and around the area of Pittstorin a related investigation, EPCAMR and SRBC are
developing a GIS basethree dimensional (3Dmodel of the NAF mine qols. Theyare
preparing draft versions of graphics depicting portions of this work and expect to publish them
later in 2013.

The 3D modeling will help all parties gain a better understanding of the variables related to the
mine ols. A major variable is the presence or absence, location, direction and functionality of
the system of mine colliery boundary barrier pillars. Other significant variables are:

1
1

= =4 -4 -8 A

the functional elevations of the pillars and or communicability througiuynal, or over
the pillars

the subterranean topography in the strata of anticlinal and synclinal features, their pitch
and direction

the conditions of the mine void and tunnel system

the effects of subsidence

mine flushing

mine disaster related features

human activities such as violations of mine regulations or other laws that have left long
term impacts.
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Figure 5-1 Stream and Surface Water Infiltration Points to Underground Mines in theMSMP.
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