
WATERSHED PROJECT

STREAM RESTORATION THROUGH COAL MINE DRAINAGE ABATEMENT
Cherry, Marion, Venango, Washington Townships, Butler County, PA

SLIPPERY ROCK WATERSHED COALITION
1999



SLIPPERY ROCK WATERSHED COALITION 

FINAL REPORT:  WATERSHED PROJECT

STREAM RESTORATION THROUGH COAL MINE DRAINAGE ABATEMENT
Cherry, Marion, Venango, Washington Townships, Butler County, PA

submitted to
 

Pennsylvania Department of Environmental Protection
Bureau of Watershed Conservation

Brief Description of Project Work Conducted through Grant
Designed and installed 900-ton anoxic limestone drain, settling pond, and 1/4-acre
wetlands at SR101A site.  Prepared SR96 site for future passive treatment system
installation.  Monitored streams and abandoned mine discharges in 27-sq. mi. Slippery
Rock Creek headwaters area.  Compiled analyses and presented data during site tours
and at annual Slippery Rock Watershed Coalition Symposia and other conferences
regionally, nationally, and internationally since 1996. 

Contract Amount: $86,742

Grant Program: FY96 US EPA Section 319 NPS 

Administered by: Slippery Rock University
Dr. Dean M. DeNicola, Biologist

In-Kind Contributors:
Slippery Rock University
PA DEP, Knox District Mining Office 
PA DEP Bureau of Abandoned Mine Reclamation
Grove City College
PA Game Commission
Amerikohl Mining, Inc.
Quality Aggregates Inc.
Volunteers
C D S Associates, Inc.
Stream Restoration Incorporated

December 1999



PUBLIC-PRIVATE PARTNERSHIP

Grant Administration and Monitoring Aquatic Life, Streambed Sediments, Water
Slippery Rock University, Slippery Rock, PA 16057   
DeNICOLA, Dean, PhD, Biologist, Biology Dept. (724) 738-2484 
STAPLETON, Michael, PhD, Geochemist, Geoscience Dept. (724) 738-2495
           

Water Quality Monitoring
PA Dept. of Environmental Protection, District Mining Operations, PO Box 669, Knox, PA 16232
GILLEN, Timothy, PG; BOWMAN, Roger, Engineer; PLESAKOV, James, MCI; VanDYKE, Timothy,
Insp. Supervisor; ODENTHAL, Lorraine, Permit Chief; MIRZA, Javed, Dist. Mining Mgr. (814) 797-1191
     

Aquatic Life Monitoring (Seaton Creek tributary)
Grove City College,  Grove City, PA 16127
BRENNER, Frederick, PhD, Biologist, Biology Dept. (724) 458-2113
     

Landowner Consent and Revegetation Assistance
PA Game Commission, Game Lands 95, 2026 West Sunbury Rd., West Sunbury, PA 16061 
HOCKENBERRY, Dale, Land Manager (724) 637-3120
       

Conceptual Design of Passive Treatment Systems
Hedin Environmental,195 Castle Shannon Blvd., Pittsburgh, PA 15228
HEDIN, Robert, PhD, Ecologist (412) 571-2204
     

Engineering Design of Passive Treatment Systems
BioMost, Inc., 3016 Unionville Rd., Cranberry Twp., PA 16066
DANEHY, Timothy, EPI; DUNN, Margaret, PG (724) 776-0161
CDS Associates, Inc.,1000 Hiland Ave., Coraopolis, PA 15108
COOPER, Charles, PLS, PE (412) 264-4090
                           

Construction Services
Jesteadt Excavation, 528 Grindel Rd., Prospect, PA 16052
JESTEADT, Gerald, President, and MACURAK, David, Equipment Operator (724) 865-2318
     

Monitoring Well Installation
Amerikohl Mining, Inc., 202 Sunset Dr., Butler, PA 16001
STILLEY, John, President (724) 282-2339
CDS Associates, Inc., 1000 Hiland Ave., Coraopolis, PA 15108
COOPER, Charles, PLS, PE (412) 264-4090
     

Access and Staging Pad Construction
PA DEP, Bureau of Abandoned Mine Reclamation, PO Box 669, Knox, PA 16232
LINNAN, Paul, Chief, Division of Field Operations, and the Bituminous District Crew (814) 797-1191
     

Limestone Aggregate
Quality Aggregates Inc., 200 Neville Rd., Neville Island, PA 15225
ALOE, Joseph, President, ANKROM, Jeff, Mine Manager (412) 777-6717
     

Trucking
Shaliston Enterprises, Inc., 126 Main St., West Sunbury, PA 16061
DEMATTEIS, Domenic, President (724) 637-3211
   

Presentations and Volunteer Effort 
Stream Restoration Incorporated, 3016 Unionville Rd., Cranberry Twp., 16066
DANEHY, Timothy, EPI; DUNN, Margaret, PG (724) 776-0161
PEART, Darcy, Public Relations; BUSLER, Shaun, Biologist



DRAINAGE ABATEMENT - SR 101A FINAL REPORT

SLIPPERY ROCK WATERSHED COALITION

DECEMBER 1999

SLIPPERY ROCK WATERSHED COALITION 
     

FINAL REPORT:  WATERSHED PROJECT

STREAM RESTORATION THROUGH COAL MINE DRAINAGE ABATEMENT
Cherry, Marion, Venango, Washington Townships, Butler County, PA

submitted to

Pennsylvania Department of Environmental Protection
Bureau of Watershed Conservation

EXECUTIVE SUMMARY
Participants in the Slippery Rock Watershed Coalition received a grant from the Pennsylvania
Department of Environmental Protection, Bureau of Watershed Conservation, through U.S.
Environmental Protection Agency FY96 Section 319 funding.  The project goals as stated in the
proposal were (1) to abate mine discharges SR 101A and SR 96, (2) to combine efforts with
others to restore a two-mile section of Slippery Rock Creek to a viable fishery, (3) to
significantly improve an additional two-mile section of Slippery Rock Creek downstream of the
target restoration area, (4) to document, singly and in combination, the contribution and the
degree of success of different restoration techniques relating to the watershed recovery, (5) to
provide educational/research opportunities for students from local schools.  

Due to the expanded effort necessary at the SR 101A site caused by unstable site conditions
and a more than doubling of the discharge flow in comparison to that of the background
monitoring, only site preparation was possible at the SR 96 site.  

Nonetheless, with the unwavering commitment of the participants and their generous donations
which included (1)construction of the site access and staging area by the PA Bureau of
Abandoned Mine Reclamation and PA Game Commission, (2)installation of monitoring wells
by Amerikohl Mining, Inc., and (3)reduction in the limestone aggregate price by Quality
Aggregates Inc., the positive impact of this project has greatly exceeded expectations.  

The Anoxic Limestone Drain is generating a net gain of about 2500 lbs. per month of alkalinity
and the Settling Pond and Wetlands are retaining about 900 lbs. per month of iron.  The total
iron content in the discharge is being decreased by about 90%, from 84 mg/L to 6 mg/L
(medians).   

Due to the combined positive effects of this and other restoration efforts (such as the passive
systems installed by the Knox District Mining Office), fish have been observed, on occasion,
in a four-mile section of Slippery Rock Creek, probably for the first time in about a century. 
Slippery Rock University, however, has identified that some metals continue to exceed water
quality standards for biota at many of the Slippery Rock Creek monitoring stations, especially
manganese, iron, aluminum, and zinc.  In addition, little improvement in the streambed
sediment metal concentrations has been identified.  These conditions may help to explain the
lack of substantial recovery in macroinvertebrates and algae at this time, even though a notable
trend in the improvement of the water quality of Slippery Rock Creek as been shown, based on
the continued monitoring by the Knox District Mining Office.     

The “hands on” participation in the wetlands planting and watershed monitoring by over 60
students and volunteers has contributed to the strong growth experienced by the Slippery Rock

i



DRAINAGE ABATEMENT - SR 101A FINAL REPORT

SLIPPERY ROCK WATERSHED COALITION

DECEMBER 1999

Watershed Coalition.  The difficulties incurred during construction and the generosity of the
participants also demonstrates what can be accomplished by a successful public-private
partnership effort.

SELECTED HIGHLIGHTS

SR101A Passive Treatment System
! Early attempts to collect the abandoned mine drainage were unsuccessful due to the

presence of disturbed, unstable site material.  In order to determine the elevation at which
to construct the Anoxic Collection System, Anoxic Limestone Drain, and other components,
monitoring wells were installed and water levels measured. 

! As the probable water table associated with the degraded drainage would be permanently
lowered by the Anoxic Limestone Drain causing an increase in the drainage flow rate, the
size of all system components were enlarged.    

! Due to the three-foot layer of saturated iron precipitates, construction of the Anoxic
Limestone Drain was delayed.  A temporary ditch was installed and the construction area
was allowed to drain. 

! Based on the monitoring data to date, the long-term alkalinity in the effluent from the Anoxic
Limestone Drain is expected to be between 200 and 220 mg/L.  

! With a 70 to 100 mg/L dissolved iron content in the untreated discharge, the alkalinity in the
Anoxic Limestone Drain effluent is more than sufficient to maintain a net alkaline effluent
from the final wetland through the 25-year design life of the system. 

! Over 90% of the iron in the degraded drainage is being removed by this passive treatment
system.  The current median iron content in the raw water is 84 mg/L and in the final
effluent is 6 mg/L, probably in the form of solids.

! With the neutralization of the acidity in the abandoned mine drainage and the production of
excess alkalinity, the Anoxic Limestone Drain generates 1 1/4 tons of alkalinity per month. 

Public Outreach/Educational Opportunities
! A Pittsburgh newspaper published the need for volunteers to plant the Wetland 2.  About 40

volunteers of all ages from at least four counties participated in the very successful planting.

! About 20 Slippery Rock University students in a class on Aquatic Plants, volunteered and
planted cattails in Wetland 1. 

! The 1999 Slippery Rock Watershed Coalition Symposium attended by about 200 people
highlighted the SR101A passive treatment system.  Other tours have used the SR101A site
to demonstrate the successful implementation of an Anoxic Limestone Drain.

! Over 20 Slippery Rock University students have completed degree requirements while
gaining “hands-on” experience participating in a large-scale watershed restoration project
and learning valuable sample collection and analysis techniques. 

Impact on Slippery Rock Creek
(water monitoring by the PADEP, Knox District Mining Office)
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! Based on a preliminary interpretation of water quality monitoring conducted by the PADEP,
Knox District Mining Office, the combined impact of the implementation of passive treatment
systems has resulted in a significant downward trend in acidity and a significant upward
trend in alkalinity in Slippery Rock Creek headwaters.

! The combined impact of the various passive treatment systems has resulted in the
observation of fish in a four-mile section of Slippery Rock Creek, probably for the first time
in a century.

Stream Ecosystem 
(aquatic life, streambed sediment, and water monitoring by Slippery Rock University)

Water Quality
! Acidity was higher at all sites impacted by mine drainage based on a comparison of

monitoring data from the seven, acid mine drainage-impacted stream sites with the two
control sites. 

! Dissolved oxygen was near saturation at all sites most of the year; therefore, no negative
impacts to biota would be attributed to low dissolved oxygen content.

! Upstream of site #44, there are no passive systems.  The lowest average stream pH on the
main branch of Slippery Rock Creek was observed at this monitoring station.

! Below installed passive treatment systems, dissolved iron appears to have decreased in a
two-mile section of Slippery Rock Creek.  (There was only one background sampling event
prior to installation of the systems, the interpretation of the decrease is, therefore, tenuous.)

! The metals with the highest soluble and total aqueous concentrations were iron,
manganese, and aluminum.

Streambed Sediments
! The mean concentrations of all elements measured in the clay fraction of the sediment were

distinctly higher in Seaton Creek, the most heavily-impacted, major tributary in the Slippery
Rock Creek headwaters.

! Sandstone cobbles coated with metal precipitates, lost aluminum, iron, and manganese,
and gained zinc, after being placed in the unimpacted, control stream.

! Limestone cobbles coated with metal precipitates, lost aluminum, iron, and zinc, and gained
manganese, after being placed in the unimpacted, control stream. 

! “Clean” sandstone and limestone rocks gained manganese and lost zinc in the control
stream, indicating that abundant iron on the AMD-coated rocks may have affected the
adsorption of manganese and zinc.

Aquatic Community
! Mean macroinvertebrate densities in riffles were 1 to 2 orders of magnitude higher at the

two control sites than at the most heavily-impacted sites on most dates. 

! Macroinvertebrates initially increased after installation of passive systems but later
decreased.  The cause is uncertain.  (At site 60, the downstream monitoring point for
SR101A, the construction of a beaver dam flooded the riffle area, potentially masking any
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improvement in the macroinvertebrate community.) 

! Much of the substrate at the impacted sites is dominated by clay, a very poor substrate for
macroinvertebrates.
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! Lower algal densities at some AMD sites is most likely due to the presence of clays and
metal precipitates burying the rocks, rather than a purely chemical effect.  (Algal species
composition is generally affected by AMD but not algal densities.)

! Serious impact on benthic algal diversity does not begin to appear until below pH 4.5.

! Algae in the closest monitoring point (#60) downstream of SR101A became more similar to
that of unimpacted streams after installation of the SR101A passive treatment system, a
positive indication that there has been some improvement at site 60.  

! Macroinvertebrate taxa at abandoned mine drainage-impacted sites were mostly Diptera
and hydropsychid caddisflies.

! Mayflies continue to be almost entirely absent, indicating that the Slippery Rock Creek
headwaters are still highly impacted by abandoned mine drainage.

! Burial by sediment, compromised data which could have been collected from leaf pack
decomposition.

! Tissue concentrations in hydropsychid caddisflies collected at both an AMD-impacted site
and a control site were below detection limits for nickel, lead, copper, cobalt, and chromium.

Summary
! Based only on the average pH and alkalinities, the Slippery Rock Creek headwaters should

be able to support a larger and more diverse invertebrate fauna.

! Pools do not support many invertebrates; therefore, future monitoring of pool areas in
Slippery Rock Creek is not recommended.

! Some of the chemical data indicated that concentrations of manganese, iron, aluminum,
and zinc are near or at the toxic threshold for stream fauna, which may be having the
greatest affect on invertebrates.

! The great variability in water quality over time and the overall low invertebrate densities
probably result from impacts during periods of high abandoned mine drainage input.

! The disturbance in the watershed by the abandoned mines greatly increases soil erosion,
which can have as large or larger detrimental affect on invertebrates as water chemistry. 

! It is probably the combination of burial by fine sediments and toxic levels of metals at certain
times during the year that are still affecting the flora and fauna of Slippery Rock Creek.  
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PROJECT TIMELINE

(Partial list; See water monitoring compilation for DMO events.) 
1995/06/08 grant application submitted CDS
1995/08/31 revisions to application, as requested CDS
1995/11/27 revisions to application, as requested CDS
1996/05/13 site insp:  BAMR(to build access), DMO, HE, CDS
1996/05/22 initial watershed monitoring under grant SRU
1996/06/12 raw water flow & field alkalinity HE
1996/07/01 start date, as per contract DEP
1996/07/11 QA Plan submitted HE/SRU/CDS
1996/08/05 SRU MOU SRU/DEP
1996/08/08 Bill Slusser, PA Game Commission regarding access CDS
1996/08/12 field topographic survey CDS
1996/08/14 access and staging area construction BAMR
1996/08/15 Env. Assessment w/ PNDI Search HE/CDS
1996/08/15 field topographic survey CDS
1996/08/15 drainage ditch installed JE/HE/CDS
1996/08/15 Quarterly Report HE/SRU
1996/08/16 PA One Call notified CDS
1996/08/19 field topographic survey CDS
1996/ SR 4012 state road bond ($10000) HE
1996/ Washington Twp. waived road bond CDS
1996/ Stream Encroachment Waiver WL1096604 DEP
1996/08/11 E&S Control Plan for site preparation CDS
1996/08/31 Env. Assessment Appr. EA10-006NW - pub. PA Bull. DEP
1996/09/04 conceptual work drawing CDS
1996/09/05 Venango Twp. road bond ($4000 - CDS CK5418) CDS/HE
1996/09/10 topographic plan CDS
1996/09/12 raw water - field measurements HE
1996/09/20 raw water - field measurements HE
1996/10/02 raw water - field measurements HE
1996/11/02 Env. Assessment Appr. EA10-006NW - pub. PA Bull. DEP
1996/11/06 Quarterly Report HE
1996/12/19 watershed monitoring SRU
1997/02/07 location of drainage ditch, etc. CDS
1997/02/15 Quarterly Report SRU
1997/05/09 raw water flow measurement HE
1997/05/28 monitoring wells (3) installed AMI/CDS
1997/09/17 raw water flow measurement HE
1997/11/ Quarterly Report SRU/BMI
1998/05/05 monitoring wells- WL measurements BMI
1998/06/17 river gravel delivered SEI
1998/06/17 collection system installation JE/BMI
1998/06/17 monitoring wells - WL measurements BMI
1998/06/18 pipe, etc., delivered BMI/HE
1998/07 E&S Control Plan    BMI
1998/07/15 water monitoring BMI
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1998/07/22 Venango Twp. road bond ($4000 - CDS CK5418) CDS/HE
1998/07/22 site prep incl. silt fence installation JE/BMI
1998/07/23 site prep - working bench for ALD JE
1998/07/24 ALD excavation pit JE
1998/07/24 monitoring wells - WL measurements BMI
1998/07/27 ALD install plastic liner JE/BMI
1998/07/27 monitoring wells - WL measurements BMI
1998/07/27 est. completion: ALD-80% incl. collection system JE/BMI/HE
1998/07/28 limestone aggregate delivery - 895.66 tons SEI
1998/07/29 ALD install inlet and outlet manifolds JE/BMI
1998/07/29 field located ALD BMI
1998/08/03 raw water sampling port installation BMI
1998/08/03 monitoring wells - WL (1 hr. after hydr. barrier installed) BMI
1998/08/03 est. complete: ALD-100%,SP-85%,Wtld1-75%,Wtld2-10% JE/BMI/HE
1998/08/04 rip-rap delivered for spillways SEI
1998/08/05 monitoring wells - WL measurements BMI
1998/08/05 ALD discharge - field measurements HE
1998/08/07 monitoring wells - WL measurements JE
1998/08/10 Wetland 2 discharging (final effluent) BMI
1998/08/10 monitoring wells - WL measurements (after system on-line) BMI
1998/08/20 ALD & final discharge - field measurements HE
1998/08/23 ALD & final discharge - field measurements HE
1998/08/28 ALD & final discharge - field measurements HE
1998/08/31 site revegetation BMI/Bliss
1998/08/21 Wetland 2 planted Volunteers
1998/08/21 monitoring wells - WL measurements BMI
1998/09/03 ALD discharge - field measurements HE
1998/09/23 watershed monitoring SRU
1998/09/23 ALD & final discharge - field measurements HE
1998/10/01 ALD & final discharge - field measurements HE
1998/10/12 Wetland 1 planted SRU volunteers
1998/10/14 US EPA and PA DEP field tour HE/BMI/JE
1998/11/06 ALD & final discharge - field measurements HE
1998/11/09 field survey for “As-Builts” ETI/BMI
1998/11/10 final field survey for “As-Built” plan ETI/BMI
1998/11/10 monitoring wells - WL measurements BMI
1998/11/15 Quarterly Report HE/SRU
1998/12/21 ALD flow measurement HE
1999/01/18 As-Built Plan (draft) BMI
1999/01/19 ALD & final discharge - field measurements HE
1999/04/16 SRWC symposium site tour HE/BMI/JE
1999/05/05 monitoring wells - WL measurements BMI/HE/JE
1999/06/09 water monitoring BMI
1999/09/21 watershed monitoring SRU
1999/11/12 Quarterly Report SRU

Abbreviations:
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Hedin Environmental(HE); Jesteadt Excavating(JE); Slippery Rock University(SRU); Bliss
Reclamation Co.(Bliss); Shaliston Enterprises, Inc.(SEI); CDS Associates, Inc. (CDS); Knox District
Mining Office(DMO); BioMost, Inc.(BMI); Amerikohl Mining, Inc. (AMI); Bureau of Abandoned Mine
Reclamation(BAMR); Department of Environmental Protection(DEP)
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PASSIVE TREATMENT SYSTEM

SR 101A SITE

PA GAMELANDS NO. 95
WASHINGTON TOWNSHIP, BUTLER COUNTY, HIGGINS CORNER, PA

Abstract
A passive treatment system was installed to treat a 35-gpm, net acidic, abandoned
mine discharge containing about 84 mg/L of dissolved ferrous iron.  At the point of
issue, the pH of the drainage was >5.  The aluminum and dissolved ferric iron
contents were insignificant.  The total manganese content was 3 mg/L or less which
is at or near standard surface coal mine permit effluent limits.  The passive system
consists of the following components constructed in series:  an anoxic collection
system with raw water sampling port, an anoxic limestone drain (containing 900 tons
of aggregate), a settling pond (4700 SF at design water level), and two aerobic
wetland cells (7100 SF and 5400 SF at design water level for Wetland #1 and #2,
respectively).  Due to the presence of disturbed, unstable material, initial attempts
to install a collection system were unsuccessful.  To prepare the site for installation
of the collection system, a drainage ditch was installed to encounter the water at
about the same elevation as the proposed collection system.  The flow of the raw
water was about 2.4 times more than the background monitoring indicated, due to
a slight lowering of the water table.  This increase in flow necessitated a significant
increase in materials and size of the components.  In order to complete the project
within the grant amount approved by the PA Bureau of Watershed Conservation
under the US EPA Section 319 program, the following were donated by participants
in the Slippery Rock Watershed Coalition:  construction of the access and staging
area by PA Bureau of Abandoned Mine Reclamation and PA Game Commission;
monitoring well installations by Amerikohl Mining, Inc. and C D S Associates, Inc.;
price reduction in limestone by Quality Aggregates Inc.  Since successfully placed
on-line in August 1998, the effluent from the final constructed wetland has been
consistently net alkaline (pH > 6.3) contributing an excess of about 60 to 100 mg/L
of alkalinity with little or no dissolved iron.  The Anoxic Limestone Drain is
generating a net gain of about 2500 lbs. per month of alkalinity (as calcium
carbonate) which includes the neutralization of about 1200 lbs. of acidity and an
additional generation of about 1200 lbs. of alkalinity).  Over 900 lbs. per month of
iron are being retained in the Settling Pond and Constructed Wetlands.  Iron solids
do, at times, occur in the effluent in excess of 7 mg/L.  Upon further establishment
of vegetation in the two wetland cells, the solids in the effluent are expected to
decrease.  The design life of the system is 25 years. Monitoring  upstream and
downstream by the PA Department of Environmental Protection, Knox District
Mining Office, of this and other passive systems, indicates that the water quality of
Slippery Rock Creek is improving.  

HEDIN ENVIRONMENTAL, 195 CASTLE SHANNON BOULEVARD, PITTSBURGH, PA 15228
 BIOMOST, INC., 3016 UNIONVILLE ROAD, CRANBERRY TWP., PA 16066
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INTRODUCTION
In order to restore the watershed in relation to the degradation caused by abandoned
minelands, the Slippery Rock Watershed Coalition has been focusing on the most heavily-
impacted area  --- the headwaters.  The PA Department of Environmental Protection has
inventoried the abandoned minelands in the headwaters and have assessed the drainage
quality and stream impacts.  (Ref.: PA DEP, Knox District Mining Office, 9/1998, Slippery
Rock Creek Watershed Comprehensive Mine Reclamation Strategy, Reclamation/
Remediation Plan, 192pp.)  Utilizing this work, participants in the Coalition have been
implementing passive treatment systems and land reclamation techniques to restore
specific sites and discharges.  The Anoxic Limestone Drain (ALD) installed to abate the
discharge known as SR101A is the fourth ALD to be constructed in the headwaters. 

Site Location 
The SR101A passive treatment system is located within PA Game Lands No. 95 near the
community of Higgins Corner in Washington Township, Butler County, PA.  The site lies
south of township road T-518 (Higgins Corner Road) and north of the main branch of
Slippery Rock Creek in the headwaters area.  The site is located on the 7 ½’ USGS
Hilliards topographic map (PI1977) at 41o 05' 56" latitude and 79o 50' 30" longitude.  

Brief Site History - Mining and Reclamation
The source of the discharge appears to be the Mizner Mine which was operated from 1895
to 1903, according to a compilation of mine mapping entitled “Extent of Mining, Butler
County, Washington and Venango Townships, Brookville Seam” (author and date
unknown).  This would have been a drift mine on the Brookville coalbed.  Abandoned coal
refuse piles and a railroad grade are located below the coal crop.  Under the
Commonwealth’s Operation Scarlift, mine seals were installed ca.12/1/1976 for a mine
opening about 1/4-mile east of the SR101A site in an attempt to abate the drainage from
this and/or a related mine. [Ref: Gwin, Dobson & Foreman, Plan of Deep Mine Seals 32 to
36, Lake Erie Mine Area, Slippery Rock Creek Mine Drainage Project (Contract no. SL
110-4-101.1), Rev. 12/1/76 - As Built Seals:  PA Department of Environmental Resources,
Office of Resources Management]  Operation Scarlift designated one of the discharges as
SR101.  This discharge is approximately the same as SR101A.  (See Table 1.)

Pre-Construction Site Description
Just prior to construction, the site was wooded between the public road and the discharge
area.  The seep zone for SR101A occurred along the upgradient embankment of the
abandoned railroad grade.  Iron precipitates (about 2 to 3 feet in thickness) filled the cut
excavated for the railroad.  Between the railroad grade and Slippery Rock Creek, there was
about a one-acre “dead area” which was covered with iron precipitates.  (A small portion of
the “dead area” was not reclaimed in order to visibly depict “before and after” conditions.) 
During site preparation, the raw mine water was observed to flow from a carbonaceous
shale located stratigraphically below the Brookville coalbed.  This is consistent with other
discharges in the area that emanate below the Brookville coalbed.  (See photo log, p. 1, 2,
6.) 
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Discharge Characteristics
Table 1 depicts the flow and chemical characteristics of the untreated discharge.  Under
Operation Scarlift, SR101 was monitored monthly for the year 1969.  During monitoring
prior to placing the mine seals, this discharge was observed to be ephemeral.  (The old
weir was found during the most recent site preparation.)  The Knox DMO collected data for
the discharge between December 1994 and August 1996, for the same seep area.
Samples were collected and flows were measured at a new weir placed downgradient of
the large seepage zone.  Because of iron oxidation/hydrolysis that occurred between the
seeps and the weirs used by both Operation Scarlift and the DMO, the reported pH and
alkalinity values are likely lower than would have been the case if samples had been
collected directly at the points of issue.  Note, however, that the flows and iron content of
the drainage appear to have increased and the acidity decreased after installation of the
mine seals under Operation Scarlift.  Prior to commencement of construction at the site,
sampling at the points of issue was difficult due to a “treacherous quagmire” of iron sludge.

Funding Sources for Current Restoration Effort
Hedin Environmental, BioMost and Jesteadt Excavating constructed the system under
contracts with Slippery Rock University.  The University's funding is provided by a grant
from the PA DEP Bureau of Watershed Conservation Nonpoint Source Program.  The PA
Game Commissison and PA DEP Bureau of Abandoned Mine Reclamation constructed the
access road to the site.  Amerikohl Mining, Inc. installed the monitoring wells at no cost. 
Limestone was provided by Quality Aggregates Inc., at a discount worth more than $2,000.
The Knox DMO provided sampling, technical and field assistance valued at $5,000+.
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SITE PREPARATION
Access Road and Staging Area
On August 14, 1996, the PA Game Commission assisted in the layout of the access road. 
On the same and following days, the PA Bureau of Abandoned Mine Reclamation cleared
the area and constructed the access from the public road to the staging area.  The staging
area was then leveled and stabilized in order to provide a place for temporary storage of
equipment and materials and future parking.  (See photo log, p. 3.)

Drainage Ditch 
On August 15, 1996, the seepage area was excavated in order to intercept and to combine
the seeps that comprise the SR101A drainage.  A ditch was dug along the slope above the
discharge area.  The excavation revealed several feet of disturbed soil/subsoil overlying
several feet of gray clay.  Directly underlying the clay material was a friable, black shale. 
The soil and clay were dry, while the black shale transmitted a considerable amount of
water.  This original ditch caved during excavation which made collection of the seepage
difficult.  To stabilize the area, a ditch was constructed perpendicular to the slope to drain
the construction area.  This ditched flow (originally, 100 gpm) was directed into a flexible,
plastic pipe with an outlet on the east side of the site.  The discharge of the pipe was used
for subsequent sampling and flow measurement purposes.  (See photo log, p.15.)  During
the following month, flow from the pipe decreased to 35 gpm, with flows from the original
seepage area decreasing to <1 gpm.  The Knox DMO and Hedin Environmental used this
pipe to measure flows and sample the mine drainage.  The discharge was sampled 17
times between September 1996 and December 1997.  Because the sampled water was
not aerated, the pH, alkalinity, and Fe values measured more accurately reflected the raw
water quality. (Note in Table 1 the consistent alkalinity measurements of about 40 mg/L
and pH values >5.)  The average flow rate of the collected water in 1996 and 1997 was 34
gpm, 2.4 times higher than the average flow of the original SR101A seep (14 gpm).  With
the Knox DMO's input, a decision was made to design a system for a 35-gpm flow and to
avoid, as much as possible, the collection of additional water during construction.

During construction of the treatment system, the water was “re-collected" and sampled
again.  The analytical results were similar to previous ones (See 7/15/98 in Table 1.).  

Monitoring Well Installation
Due to the disturbed, unstable soils, exploration pits to determine the shallow subsurface
water elevation (probable water table associated with the mine drainage) were not feasible. 
(Sloughing from the sides quickly filled the pits.)  As an accurate determination of the target
water-bearing zone and associated static water table elevations are important for
successful placement of the collection system and subsequent passive treatment
components, Amerikohl Mining, Inc. and C D S Associates, Inc. donated the time,
materials, labor, expertise, and equipment for the installation of three monitoring wells.  6-
inch air-rotary holes were drilled and 2-inch, Schedule 40, PVC pipe was used for the riser. 
The bottom two feet of the riser was hand-slotted to act as a screen.  The annulus was
backfilled with pea gravel to one foot above the screen.  The remainder was backfilled with
drill chips.  No bentonite was used to isolate a specific water-bearing zone.  Water levels
were measured and changes noted before, during, and after installation of the passive
treatment system.  (See drill logs, As-Builts, photos, and brief narrative.)
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SR101A PASSIVE TREATMENT SYSTEM AND LAND RESTORATION
The system consists of an anoxic mine water collection system, an Anoxic Limestone
Drain, a shallow retention pond, and two constructed wetlands.  The final discharge flows
into a natural cattail wetland that has developed along the riparian area of Slippery Rock
Creek.  The components of the treatment system are described below.  Details are shown
on the attached As-Built plans.  

Anoxic Collection System
As previously noted, preliminary exploration with a backhoe revealed that the contaminated
water flowed from friable, black, carbonaceous shale located beneath gray clay that was 1-
3 feet below the ground surface in the seepage area.  An interception ditch was excavated
through the clay and into the shale.  A collection system consisting of perforated, 4-inch,
SDR35 PVC pipe, bedded in PennDOT 2B river gravel, wrapped in geotextile fabric, was
placed in the interceptor ditch and buried.  (See photo log , p. 7 & 8.)   Additional gravel was
placed around the drainage system in the eastern end of the ditch where a majority of the
water was encountered.  During construction, the collection system discharged to a
drainage ditch dug perpendicular to the slope on the east side of  the site.  With completion
of the treatment facilities, the collection system was redirected into the ALD.  The
temporary discharge channel was sealed with native clay material to assure that the
preferred flow path for the degraded drainage was into the collection system and into the
ALD.  (See As-Builts.)

Using a short section of an SDR35 PVC pipe as a protective casing, ½-inch PE tubing with
standard hose fittings was placed into the collection system to allow for sampling of raw
water prior to entering the ALD.  (A drill pump is necessary to extract a sample.) (See As-
Builts and photo log, p. 13.)

Anoxic Limestone Drain
The ALD was installed in the area of the old railroad grade.  2 to 3 feet of iron precipitates,
railroad ties, and about 1½ feet of slag were excavated from the railroad grade and buried
on site.  The base of the ALD is constructed in the clay material which was directly beneath
the slag.  Consisting of 900 tons of PennDOT 3B limestone aggregate, the limestone drain
is 120 feet long by 50 feet wide by 3 feet deep.  An hydraulic barrier was created
downgradient of the ALD by filling and compacting on-site clay material in a trench below
the drain.  The source of the aggregate used is the marine Vanport limestone (Allegheny
Gp; Clarion Fm.) which is quarried in Boyers, PA by Quality Aggregates Inc. about two
miles west of the site.  (Quality Aggregates Inc. discounted the price of the aggregate in
order to assist in the completion of the project.)  This unit is high in calcium carbonate
(92%).  Plastic sheeting was used to line and to wrap the drain in order to discourage
leakage of water and generated gas.  The drain was then buried under 2+ feet of soil and
subsoil.  Water enters the ALD through a manifold consisting of 20 feet of perforated 4-
inch, SDR 35, PVC pipe bedded in 2B river gravel installed across the width of the
limestone drain at its eastern end.  After flowing through the aggregate, an “L-shaped”
manifold collects the treated water at the southwestern corner of the drain.  The effluent
pipe is solid 4-inch, Schedule 40, PVC which was plumbed directly onto the manifold.  A
22.5o elbow was inserted in the outlet pipe in order to prevent premature exposure to
oxygen.  (See photo log, p. 9 thru 12, 14  and As-Builts.)

HEDIN ENVIRONMENTAL, 195 CASTLE SHANNON BOULEVARD, PITTSBURGH, PA 15228
 BIOMOST, INC., 3016 UNIONVILLE ROAD, CRANBERRY TWP., PA 16066

  

5



ABANDONED MINE DRAINAGE ABATEMENT - SR 101A FINAL REPORT

SLIPPERY ROCK WATERSHED COALITION

DECEMBER 1999

Settling Pond and Wetlands
Water flows from the ALD through a shallow pond and into two, serially-connected,
wetlands.  The pond (150 feet in length and 30 feet in width) currently has a water depth of
approximately 2 feet.  The pond has a surface area of 4,700 ft2 at design water level and a
capacity of approximately 60,000 gallons.  The pond discharges into a wetland that is 210
feet long by 40 feet wide.  Water depths in the first wetland are 1-2 feet.  The second
wetland is 180 feet long by 30 feet wide and also has 1-2 feet water depths.  The wetlands
have a total water surface area of 12,500 ft2 at design water level and a total capacity of
~155,000 gallons.

The substrate in both wetlands consists of ~3 inches of spent mushroom compost mixed
with ~3 inches of original soil. The substrate was intended to enhance the establishment
and growth of emergent wetland plants.  Wetland #2 was planted by 35 volunteers on
August 21, 1998.  Plants (cattails) were spaced at 2-3 foot intervals.  The planting was
successful, resulting in a good stand by October 1998.  Several(about one “pick-up truck”
load) other wetland plant species were acquired elsewhere on the gamelands and
transplanted to both wetlands during the August planting.  Wetland #1 was planted on
October 10,1998 with cattails spaced at 5-10 foot intervals by Slippery Rock University
students.  It is anticipated that the f irst cell will develop into a wetland as these plants
propagate and others colonize the site.  The wetlands were planted primarily with Typha
latifolia harvested from nearby wetlands impacted with mine drainage.

At the design flow rate of 35 gpm, the theoretical retention for the pond and wetlands
(215,000 gallons) is over 100 hours.

A permanent upland diversion ditch was constructed in order to convey surface and
shallow subsurface water away from the passive system.

Revegetation
The embankments, regraded area overlying the ALD, and land reclamation area were
revegetated on 8/31/98 with the following mixture, which was approved by the PA Game
Commission:   

Rate
Birdsfoot trefoil   10    lbs/ac.
White dutch clover     4    lbs/ac.
Kentucky bluegrass   10    lbs/ac.
Perennial ryegrass     6    lbs/ac.
Fertilizer (10-20-20) 300    lbs/ac.
Aglime     4    tons/ac.
Hay mulch     2½ tons/ac.

Natural Wetlands
The second wetland discharges to a large, natural, cattail wetland, which discharges to
Slippery Rock Creek.  Several acres of wetland exist between the final system discharge
and Slippery Rock Creek. The natural wetland was not disturbed during construction. 
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OBSERVATIONS AND SYSTEM PERFORMANCE
Water Level Fluctuations in Monitoring Wells
The monitoring wells were installed about 9 months after installation of the temporary ditch
used to drain the construction area.  The water levels measured in the monitoring wells
shortly after installation and about 1 year later were the same or similar.  These water
levels were used to determine the elevation of the “riser” in the anoxic collection system
and the base elevation of the ALD and settling pond.      

Prior to construction of the ALD, a portion of the anoxic collection system was installed and
the intercepted drainage was piped away from the construction area.  In response to this
activity, the water level dropped about 4 ½ to 5 feet in the wells with the discharge flows
increasing dramatically.  

Upon excavation of the pit for the ALD, the water level was lowered an additional foot in
Monitoring Well 1; however, the water levels in Monitoring Wells 2 and 3 exhibited a
recovery of 2 to 2 ½ feet in comparison with the previous measurement.  MW1, 2, and 3
are about 55, 50, and 15 feet, respectively, from the ALD excavation area.  An explanation
for the greatest fluctuation in the furthest well may be to MW2 and 3 being completed at an
elevation about 6 feet below MW1.  The moderate recovery noted in MW2 and 3 is
probably due to the influence of water associated with the sandstone intercepted by these
wells.  (During drilling, the disturbed nature of the material encountered in MW2 and 3
made the determination of the target depth difficult.  Pilot holes were not drilled.)

About 1 hour after the clay plug was installed at the southern end of the collection system
to divert the water into the ALD, the closest wells (MW2 & 3) exhibited additional recovery.  

After construction of the hydraulic barrier below the ALD and the inundation of the ALD, an
additional moderate recovery was noted in all wells with a concomitant decrease in
discharge flow.

About ½-year after installation of the system, the wells recovered to within 2 to 2 ½ feet of
the pre-installation water levels.  As expected, effluent flows have also decreased.  (Please
note that seasonal fluctuations were not considered and the unusually dry conditions may
be a significant factor both in the discharge flow rate and in the water levels in the wells.)

Based on the above observations, lowering the water table 2 to 2 ½  feet is the probable
explanation for the increased flows (Darcy’s Law) in comparison to pre-installation
monitoring.

(See Table 2, photo log, As-Builts, and drill hole logs.)      
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Passive Treatment System Performance
The performance of the system was monitored between August 1998 and January 1999 by
Hedin Environmental (HE) and the Knox DMO (Table 3).  HE's efforts included field
measurements of flow rate, pH, alkalinity, and Fe concentrations at the f inal discharge. 
The DMO measured flows and collected samples of the effluent from the ALD and final
wetland for analysis by the PA DEP laboratory.  The observation period was characterized
by very dry conditions in western PA.  Many shallow groundwater discharges and
headwater streams in the region became dry during the autumn of 1998.  Over the
observation period, the SR101A discharge flow rate decreased, but only from 35 gpm to 25
gpm. During the height of the drought (December 1998), the SR101A discharge was an
important source of water to the headwaters of Slippery Rock Creek.  Its treatment was
likely especially important to stream biota during this period.

Samples of the untreated mine water, collected before the system was constructed,
averaged 5.9 pH, 42 mg/L alkalinity, 149 mg/L acidity, 76 mg/L Fe, 2 mg/L Mn, and <1
mg/L Al (Table 1).  The passive system was designed to generate alkalinity through the
dissolution of limestone in the ALD, and decrease Fe concentrations through the
precipitation of iron oxide solids in the pond and wetlands.  During the time of observation,
the ALD discharged an average of 219 mg/L alkalinity (Table 3).  This average is affected
by higher alkalinity values that result during the first month of an operation, and the lower
alkalinity values that result when the parameter is measured in the laboratory (as opposed
to the field).  The long-term average for the ALD is predicted to be 200-220 mg/L of
alkalinity.  This concentration is more than sufficient to assure a net alkaline discharge.  A
discharge containing 200 mg/L alkalinity can buffer the acidity contained in 110 mg/L Fe. 
The highest recorded concentration of Fe at the site was 106 mg/L (12/13/1995), while the
highest Fe concentration measured in the ALD discharge to date is 92 mg/L (12/9/1998).

The pond and wetlands have decreased iron concentrations from an average 84 mg/L to 9
mg/L.  At the mean measured flow rate of 31gpm, the system is calculated to be removing
iron at an average rate of about 8 g Fe per m2  per day.  This compares to rates of 6-20 g
per m2 per day  for other passive treatment systems that receive mine drainage with
chemistry.  We anticipate that the system's performance will improve as the wetlands
mature.  The system's Fe removal performance may, however, always be low (relative to
other passive systems) because the settling pond is shallower than ponds at other sites.
(The depth of the SR101A pond was limited by a concern to stay above the water-bearing
shale.)

Slippery Rock Creek likely receives a discharge from the SR101A system that has lower Fe
concentrations than are indicated by the final discharge data in Table 1.  The natural
wetland that lies between the system effluent and Slippery Rock Creek acts as a huge sink
for residual iron that is not captured by the SR101A system.
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A bar chart depicts the change through time of the recorded flows, acidity, alkalinity, and
total iron concentrations relative to various activities at the site.  (See Figure 1.)  Note that
the reported water quality can vary substantially depending on various factors, including the
presence of solids caused by disturbing the substrate, the length of time and type of
preservation between sampling and analysis, the aeration of the drainage prior to sample
collection, the laboratory techniques used, etc.  Nonetheless, the comparison of the data
does provide an indication that the acidity decreased and the alkalinity, flows, and iron
concentration increased after installation of the deep mine seals.  In addition, a more
confident comparative relationship is the depiction of the increased flows during the recent
restoration effort and the improvement of the final discharge which has no or insignificant
acidity, excess alkalinity, and a low total iron concentration.  An area chart with 3D visual
effect (Figure 2) provides a dramatic comparison of alkalinity and acidity associated with
the restoration activities at the site.  Other graphs with polynomial trend lines shown are
attached at the end of this section.  (See Figures 3 thru 8.)  Note the direct relationship
between iron and sulfate concentrations.  This is an indication that the source of the iron is
pyrite.  
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Long-term Operation and Maintenance
The SR101A passive system should not require substantial O&M for ten years.  Post-
construction inspections of the site indicated that the disturbed areas are well vegetated
and surface water diversions are operating as intended.  Berms that surround the settling
pond and wetlands are all at least 1.5 feet above current water levels. There is no reason
to suspect that the pond or wetlands will overtop their berms in the next decade. 
Substantial blockage of the ALD discharge pipe or the spillways of the ponds and wetlands
could compromise the hydrolgic integrity of the system.  In the short-term, this would only
occur because of beaver activity or vandalism.  The site should be periodically inspected to
assess these potential problems.

In the long-term (beyond 10 years), losses of limestone in the ALD and accumulation of
iron sludge in the pond and wetlands will effect the performance of the system.  Assuming
that water continues to flow to the ALD, its performance should not decline for more than
25 years.  If the ALD adds 170 mg/L alkalinity (40 mg/L influent and 210 mg/L effluent) to
an average flow of 35 gpm, then it will dissolve 14 tons of limestone per year (90%
CaCO3).  After 25 years the ALD should contain ~550 tons of limestone.  This quantity of
limestone is sufficient to provide a 46-gpm flow with 12 hours of retention time.  (Research
indicates that attainment of the maximum alkalinity from an ALD requires 10-15 hours of
retention.)  Assuming that the ALD does not subside in a  manner that compromises
retention of water within the limestone bed, the system should continue to discharge water
with 200 - 220 mg/L alkalinity for approximately 30 years.  After 30 years, the quantity of
alkalinity generated will gradually decrease.

Before the ALD fails, the iron-removal capability of the system will be compromised by the
accumulation of iron sludge and a concurrent decrease in retention time. Studies of
passively precipitated iron sludge indicate a settled density of ~0.15 g Fe/cc.  If the system
removes 65 mg/L Fe from a 35-gpm average flow, then it will accumulate approximately
8,000 gallons of sludge per year.  At current water depths, the system has a capacity of
155,000 gallons.  Iron sludge accumulations will reduce ~6% of the storage capacity each
year.  Raising the height of the spillways can increase sludge storage capacity.  The
wetlands contain 2 - 3 feet of freeboard, so there is substantial capacity for additional
sludge storage.  However, sludge will accumulate more quickly in the settling pond, where
less freeboard and the ALD discharge pipe elevation limit depth manipulations.  It is likely
that iron oxide accumulation in the pond will begin to degrade performance within 5-10
years.  It will then be beneficial to remove the sludge, probably with a sludge pump.  If iron
oxide recovery proposals currently under consideration prove cost-effective, the sludge will
likely be collected and removed.  Alternatively, the nonhazardous sludge could be buried
nearby.  Evaluation of the O&M requirements for the system would be enhanced by
periodic measurement of Fe concentrations at the effluents of the pond and two wetlands,
as well as measurement of water and sludge depths in the cells.
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Slippery Rock Watershed Coalition
Final Report: Watershed Project

Photographic Log

Page Caption 

1.  BEFORE RECLAMATION: Panoramic view looking south across “dead zone” toward Slippery
Rock Creek.  Note red-orange iron precipitates.

2. TOPOGRAPHIC SURVEY: “Dead area” - topographic survey by CDS  (Looking south)
2. TOPOGRAPHIC SURVEY: “Dead area” - topographic survey (Looking north)
3. BUREAU OF ABANDONED MINE RECLAMATION: PA Department of Environmental Protection,

BAMR contribute to the effort by clearing and constructing access and staging area.  
4. MONITORING WELL INSTALLATION: Monitoring Well 1 - drilling by McKay&Gould for

Amerikohl Mining
4. MONITORING WELL INSTALLATION: Monitoring Well 1 - installation Amerikohl Mining & Tim

Danehy (BMI)
5. DRAINING SITE: Temporary drainage ditch installed (8/15/96) to dewater construction area near

future collection system.
6. AFTER DRAINING SITE: “Dead area” characterized by accumulation of red-orange iron

precipitates (note footprint in center foreground).  (Looking north) 
6. AFTER DRAINING SITE: “Dead area” - dewatered prior to construction. (Note dry pipe.) (Looking

north)
7. ANOXIC COLLECTION SYSTEM: Anoxic Collection System: Jesteadt Excavating & BioMost

(Looking north)
8. ANOXIC COLLECTION SYSTEM: Anoxic Collection System “wrapped” in geotextile (Looking

NE)
9. ALD CONSTRUCTION: Anoxic Limestone Drain construction in old railroad bed by Jesteadt

Excavating. (Looking west to future outlet)
10. ALD CONSTRUCTION: ALD construction by Jesteadt Excavating (Looking southeast)
10. ALD CONSTRUCTION: ALD construction: placement of 6-mil plastic liner by BMI (Looking SW)
11. LIMESTONE PLACEMENT: ALD: 900 tons of AASHTO#3 limestone from Boyers Quarry (Quality

Aggregates); trucking-Shaliston Enterprises   construction by Jesteadt Excavating (Looking west) 
12. MANIFOLD SYSTEM: ALD inlet manifold bedded in river gravel prior to receiving mine drainage

(Looking SE)
12. MANIFOLD SYSTEM: ALD outlet manifold; Jerry Jesteadt & Dave Macurak, Jesteadt Excavating

(Looking SE)
13. RAW WATER SAMPLING POINT: Raw Water Sampling Port: ½” PE tubing placed near bottom

of anoxic collection system (Note 4" SDR 35 casing on right) (Looking north)
14. ALD EFFLUENT: ALD effluent (about 40 gpm) Day 7 after placing on-line
15. FINAL GRADING: Final grading: Day 7 after SR101-A system on-line (Looking SW)
16. VOLUNTEER EFFORT: Volunteers plant Wetland #2 with cattails harvested nearby.
17. REVEGETATION: Revegetation 1 ½ months after seeding (Looking SW)
18. SRU VOLUNTEERS: Slippery Rock University volunteers plant Wetland #1 with cattails

harvested nearby (Dr. Jerry Chmielewski, Aquatic Plants class)
19. WETLAND #2: Wetland #2 about 2 months after planting by Slippery Rock Watershed Coalition

volunteers. (Looking east)
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