
 

 

Anthony Lester, Brian Hone,   

Ryan Richard, Jesse Lazzaro,   

Trae Deri, Amanda Kelly 
Senior Design Project 

12/6/2013 

DUFFS RUN STREAM REMEDIATION 
THE PITTSBURGH ENVIRONMENTAL LEAGUE 





EXECUTIVE SUMMARY 

The Pittsburgh Environmental League proposes the following stream remediation design to Penn 

Hills Municipality in regards to Duffs Run.  The remediation design system collects polluted 

water from the point source through a network of piping.  The polluted water is then conveyed 

into a diversion well where it reacts with limestone.  This reaction raises the pH of the water to a 

point where the aluminum contaminate can drop out of solution.  The mixture then flows into a 

retention pond where the aluminum settles.  The treated water flows over a weir and returns to 

Duffs Run with a higher pH level and lower levels of aluminum concentrate.  This process 

should significantly improve the overall water quality of Duffs Run. 

The total cost of the construction of the project will be approximately $77,000 with a $10,000 

additional alternate design cost if necessary.  The maintenance costs include $1000 per year plus 

an hour of work a week from the municipality for maintenance.  Our team has produced the 

following deliverables for Penn Hills: 

1. ArcGIS compilation of maps of the Duffs Run Watershed and the surrounding area 

2. Hydrologic model of Duffs Run using HEC-HMS and HEC-RAS programs 

3. Chemical contamination remediation design for Duffs Run 

4. A detailed report of the aforementioned three deliverables 

Below are the schematics pertaining to the contamination remediation design for Duffs Run.  

Enclosed in this packet you will also find discs containing the hydrologic models, the ArcGIS 

map compilation, and referenced examples from other similar projects.  Thank you for the 

opportunity and we hope you find the project satisfactory to your needs. 
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INTRODUCTION 

AMD, abandoned mine drainage, is a vast problem polluting the local waters in Southwestern 

Pennsylvania.  It is also a problem in other areas of the country where highwall and underground 

mining has occurred in the past.  Acid Mine Drainage is caused from the oxidation of metals in 

coal seams and the adjacent shale and sandstone seams.  There were previously no laws to 

handle the post-closure events of a mine.  The mine was closed, abandoned, and forgotten about; 

until the drainage started polluting local streams, creeks, and surface waters, and action needed 

to be taken to treat the pollution.  These issues affect the water quality and the life surrounding 

the polluted surface waters and soils.  A difficult portion of remediating these bodies of waters 

lies in the source of the pollution and the different possible pollutants in the waters.  Sulfuric 

acid, aluminum, iron, lead and other metals are the main contaminants in abandoned mine 

drainage.  These pollutants can have varying effects on the water and the biological life that is 

surrounding these waters.  Some of these pollutants cause more harm to the environment than 

others. 

Duffs Run flows along Rodi Road in Penn Hills, Pennsylvania.  The stream is believed to be 

contaminated with aluminum caused by Abandoned Mine Drainage (AMD) in the area.  Because 

of this, wildlife does not inhabit the stream and there is a visually displeasing appearance to the 

water and creek bed.  The water is a bluish color and along the creek bed a white precipitate can 

be seen on the rocks.  This pollutant does not allow for fish and other wildlife to be sustained in 

and around the stream.  The stream cannot begin to be remediated until the source of this 

pollutant is known.  When heavy rains occur, Duffs Run will overflow its banks and cause 

flooding to the businesses along Rodi Road as well.  Occasionally, from these floods, damage 

will occur to the local businesses. 

It is a preliminary hypothesis that Duffs Run is contaminated with aluminum or oxidized forms 

of aluminum.  The presence of aluminum in streams can cause the gills of fish to clog, the 

decrease in food supplies, and can also cause direct toxicity due to the ingestion of the 

contaminated metal.  This also has an effect on the birds and insects living nearby the stream.  It 

can cause a decrease in the birth rate for birds and can also cause the weakening of eggshells.  

The white aluminum precipitate located on the rocks at the bottom of stream can be toxic to 
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benthic algae, invertebrates, and bottom-dwelling organisms as well.  The pollution of local 

streams should not be taken lightly and is a serious problem with AMD. 

In August, The Penn Hills Municipality brought to the attention of the University of Pittsburgh 

Civil and Environmental Engineering Department, the need for a design project to remediate the 

aluminum contamination throughout Duffs Run in Penn Hills.   

The term “Client” throughout this document will refer to the Penn Hills Municipality to whom 

the remediation design will be delivered.  Duffs Run is a tributary to the Turtle Creek Watershed 

whom also has an interest in this project.  The intention of this design for the Penn Hills 

Municipality is to use the document to render federal grants to help remediate Duffs Run.   

Ed Zullo, an environmental engineer for Rizzo Associates, a member of the turtle creek 

watershed association and an active member of the Penn Hills community, conceived the idea of 

a remediation design of Duffs Run to Dr. Iannacchione at the University of Pittsburgh.  Dr. 

Iannacchione then contacted Dr. Oyler and suggested the idea as a senior design project for his 

final semester students.  Dr. Oyler then gathered students together to work on this project in his 

senior design class.  This project has a twofold problem that would need environmental 

concentration as well as water resource concentration students in the civil and environmental 

engineering program at the University of Pittsburgh.  The team he selected consists of six civil 

and environmental engineering students where one is concentrating in water resources, three are 

concentrating in environmental, and two are concentrating in construction management.  One of 

the construction management students will serve as the project manager for the team.  The 

members of our team are:  Anthony Lester – project manager, Brian Hone – water resources, 

Trae Deri – construction management, Ryan Richard, Jesse Lazzaro, and Amanda Kelly – 

environmental. 

The deliverables for the project would need to first, address the contamination of stream through 

a remediation design, and second, assess and recommend a solution for the flooding along Rodi 

Road from Duffs Run.  The priority of the client, however, was to address the contamination 

issue first.  Throughout this project, our team will identify the problem or problems within the 

steam and watershed area and decide on an engineering solution for these problems that is cost 

effective for the Penn Hills Community.  Some initial ideas for the treatment of the AMD are 
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using a passive wetland system or an active remediation system to treat the harmful discharge.  

To mitigate the flooding along the stream, the team will model the watershed with HEC-HMS 

and HEC-RAS software.  From this model, different solutions to help mitigate the flooding can 

be proposed to the Client. 

Our scope of work and deliverables to the client for this senior design project includes an in-

depth report and working programs of the following: 

1. ArcGIS compilation of maps of the Duffs Run Watershed and the surrounding area 

2. Hydrologic model of Duffs Run using HEC-HMS and HEC-RAS programs 

3. Chemical contamination remediation design for Duffs Run 

The following is the final report compiled by our senior design project team. 
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MAPPING 

ArcGIS 10.1 Database 

The mapping and modeling process for the Duff Run watershed began with the construction of a 

GIS database using ESRI ArcGIS 10.1 software.  This comprehensive database included source 

maps and data from many organizations and was developed as a separate deliverable to the client 

as well as an aid in designing the remediation system.   

Source data was collected from the following organizations.   

− Pennsylvania Spatial Data Access (PASDA) 
− Pennsylvania Department of Transportation (PennDOT) 
− Pennsylvania Department of Environmental Protection (PaDEP) 
− Allegheny County 
− Eastern Pennsylvania Coalition for Abandoned Mine Reclamation 
− National Mine Map Repository  
− The Pennsylvania State University (PSU) 
− U. S. Geological Survey (USGS) 
− U.S. Department of Agriculture 
− Municipality of Penn Hills 

 

Complete description and citations for each source are available in Appendix A of this document 

as well as in the metadata files on the project disk. 
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Fig. 1:  Location Map of Watershed 
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Watershed Characteristics 

Duff’s Run watershed is a small drainage basin located in the Municipality of Penn Hills, east of 

Pittsburgh, Pennsylvania.  The drainage leads to Turtle Creek (Monongahela River) and 

eventually to the junction of the three rivers in Pittsburgh.  Duff’s Run itself has experienced a 

long history of flooding due to the constrictions imposed on the channel by culverts and bridges 

installed by local businesses and residents.  In addition, Duff’s Run has been polluted heavily by 

urban runoff and acid mine discharge from the extensive coal mines in the area.   

The watershed exhibits the following characteristics (GIS database – see below).   

• Watershed area = 492 acres 
• Watershed length =  2.3 miles 
• Base flow in stream = 1.6 cfs 
• Land uses = Forest (good cover), Residential lots, Commercial areas, paved roads, and 

paved parking lots (see table 2 in modeling section) 
• Major pollutants:  Dissolved Aluminum (Al3+), acidity (pH < 4) 

 

The major impacts of the pollution in this small creek are a bright, blue-white color of the water 

due to aluminum concentrations in excess of 12 mg/L and a pH of considerably less than 4.  The 

acid condition and high dissolved aluminum content has a negative influence on the biological 

characteristics of the stream as well as the aesthetic conditions in the municipality.  Residents 

have noticed the color of the water, especially at low flows, and the local newspaper recently 

published an article detailing the polluted aspects of the watershed.  In addition, field inspections 

of the bio-diversity in the stream have shown that the watershed ecosystem is basically dead.  It 

seems that few living organisms can exist in such an environment.   

Flow Characteristics 

One of the first steps in determining the characteristics of Duff’s Run was to obtain field 

measurements of flow for different points in the drainage system.  These measurements were 

taken at 6 different locations in the main stream channel (see sampling below) and at 3 locations 

around the point source mine discharge area.  The measurement locations are shown in Fig. 2 

and the results are summarized in each section below. 
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Flow measurements were taken by 3 different methods at each location to verify both accuracy 

and precision of the data.  Each method was performed 3 times for quality control and averaged 

to get a good, “ballpark” number for the flow at that location.   

Measurement Method #1 

This method was performed to gain a rough, first estimate of the flow characteristics for the 

stream at each sampling location previously described.  A length of channel was identified that 

was approximately uniform in cross section and clear of debris and other obstructions.  The 

length, depth of flow, and cross sectional area of this section of channel were determined and 

recorded using a flexible tape measure.  Then, a small float was dropped at the upstream end of 

the reach and timed with a stopwatch to see when it passed the downstream boundary.  This time 

was recorded three times at each location and averaged for accuracy.  Then, knowing the 

distance traveled, the time to travel that distance, and the cross sectional area of water, a flow 

was calculated and recorded at each location.  The results for this method are shown below.   

Date Weather Method #1 Flow (cfs) 

9/20/2013 dry, sunny 1.66 

9/27/2013 dry, cloudy 1.2 

9/30/2013 dry, cloudy 1.6 

10/4/2013 dry, cloudy 1.6 

10/3/2013 wet, cloudy 1.6 

10/17/2013 wet, cloudy 1.66 

  average base flow = 1.55 
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Measurement Method #2   

This method was performed to verify the base flow data points measured in method #1.  Note 

that method #2 was performed only at one location, the culvert at Duff Road, because this 

provided a convenient and known area of water flow and wetted perimeter for Manning’s 

Equation. 

First, the culvert at Duff Road was measured with a flexible tape measure and geometrical 

characteristics such as length (50 feet), diameter (6 feet), and slope (S = 0.001) were recorded.  

In addition, the culvert was assumed to have a Manning’s roughness coefficient of n = 0.013 in 

accordance with standards for a concrete channel.  Then, accurate values for area of water (AW) 

and wetted perimeter (P) were determined using the measured maximum depth of water in the 

culvert.  Flow (Q) was then calculated using Manning’s equation for open channel flow in the 

following form.  The results for this method are shown below and verify the values for base flow 

calculated from method #1. 

𝑄 =
1.4859
𝑛

(
𝐴𝑊
𝑃

)2 3� (𝑆)1 2� (𝐴𝑊) 

 

Date Weather Method #2 Flow (cfs)  

9/20/2013 dry, sunny 1.05 

9/27/2013 dry, cloudy 2.13 

9/30/2013 dry, cloudy 0.675 

10/4/2013 dry, cloudy 1.203 

10/3/2013 wet, cloudy 1.05 

10/17/2013 wet, cloudy 3.78 

  average base flow = 1.65 

 

Thus, an average base flow of 1.6 cfs was taken for the main channel by methods 1 and 2.  This 

value was used in subsequent hydrological models.   
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Measurement Method #3 

This method was performed only in the near vicinity of the mine discharge location and was used 

solely for remediation design purposes.  Thus, it had nothing to do with the base flow 

measurements in the main channel.  Measurements were taken at 3 locations around the 

discharge site:  tributary #2, tributary #3, and source (see Fig. 2 below). 

First, a small trench was cleared of debris at each location and 2 ft. boards were set into the walls 

to make a clear chute for the water to flow through.  Then, a 6 in. diameter PVC pipe was set into 

the chute, collecting most of the water and shooting it out into a 5 gallon bucket.  Note that there 

were some losses around the sides of the pipe which were accounted for in the factor of safety 

assumption.  The bucket was held in place and the time for it to fill up was measured 3 times for 

each test and averaged for accuracy.  Then, the volume of the bucket was divided by the average 

fill time to get a flow value for the source.  A factor of safety of 2 was used to account for losses.  

The results for each location are shown below.  Note:  These are the design values used in sizing 

the treatment tank in a later section of this report.   

  
Method #3 Flow (gpm) 

Date Weather Tributary 2 Tributary 3 Source Location 

10/20/2013 dry, sunny 30 16 20 

10/28/2013 wet, cloudy 30 23 20 

11/8/2013 dry, cloudy 30 20 20 

  average flow (gpm) 30 20 20 

  final average flow (gpm)  60 40 40 

 

When the tributary flows are added together at the collection point in the treatment system, their 

combined flow is 100 gpm (0.2228 cfs).  This is the flow rate used to size the collection and 

treatment tanks for the mine discharge water. 
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Fig. 2:  Flow Measurement Locations 
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HYDROLOGIC MODELING 
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MODELING 

HEC-HMS 3.5 Watershed Model 

A spatial watershed model was developed for Duff’s Run watershed using the HEC-HMS 3.5 

(Hydrologic Modeling System) software from the U.S. Army Corps of Engineers and is included 

as a deliverable in this project.  In order to incorporate the mine discharge point source into the 

model, the watershed was divided into 3 sub-basins as shown in Fig. 3 below.  The upper sub-

basin encompasses the largely commercial region upstream of Duff Road.  The lower sub-basin 

includes the area of watershed downstream of Duff Road.  The mine discharge sub-basin 

encompasses a small area of about 40 acres in and around the abandoned mine portal.  The HEC-

HMS model included the following assumptions.   

Assumptions   

• Hydrologic Soil Group:  C  
• Antecedent Moisture Condition:  Type II 
• Routing Method:  Muskingum  
• Loss Method:  Soil Conservation Service (SCS) Curve Number 
• Transform Method:  Soil Conservation Service (SCS) Unit Hydrograph.   
• Constant Monthly Base-flow of 1.6 cfs.   
• Structured as 3 sub-basins, 2 reaches, 1 junction at Duff Road, and 1 downstream sink. 
• Areas calculated from ArcGIS model.   
• Precipitation from the 100 year frequency, 24 hour duration storm event (see below).   
• Theoretical rain gages located upstream and downstream of Duff Road. 

 

Losses 

In order to use the SCS Curve Number Method for calculating losses, it was necessary to first 

calculate the areas of each sub-basin, the land use percentages for each sub-basin, and the 

percent impervious areas for each sub-basin.  These calculations were based on spatial analysis 

performed in ArcGIS and the summary table is shown below.  Note that the complete analysis 

and calculations of the land use study are shown in Appendix A.   
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  # of Cells Area (ac) Area (mi2) % of Total Watershed 

Upper Sub-basin 8.15 233.74 0.365 47.51% 

Mine Area Basin 1.5 43.04 0.067 8.75% 

Lower Sub-basin 7.50 215.22 0.336 43.74% 

Totals 17.15 492.00 0.769 100.00% 

Table 2:  Calculating sub-basin areas 

 

  
Land Use 
Category 

Curve 
Number 

Area 
(ac) 

% of 
Sub-basin 

Weighted 
CN 

Upper Sub-basin 

Forest (good cover) 70 138.46 59.24% 41.47 

Residential (1/8 ac) 90 36.16 15.47% 13.92 

Commercial areas 94 22.96 9.82% 9.23 

Paved roads 98 13.20 5.65% 5.53 

Paved parking lots 98 22.96 9.82% 9.63 

Total   233.74 100.00% 80 

Mine Area Basin 

Forest (good cover) 70 34.45 80.03% 56.02 

Residential (1/8 ac) 90 5.81 13.50% 12.15 

Commercial areas 94 0.92 2.13% 2.01 

Paved roads 98 1.87 4.33% 4.25 

Total   43.04 100.00% 75 

Lower Sub-basin 

Forest (good cover) 70 153.19 71.18% 49.83 

Residential (1/8 ac) 90 22.60 10.50% 9.45 

Commercial areas 94 28.24 13.12% 12.33 

Paved roads 98 11.19 5.20% 5.10 

Total   215.22 100.00% 77 

Table 3:  Calculating the weighted SCS Curve Numbers  
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Fig. 3:  Calculating sub-basin areas.  

Note:   

• Grid Area = 459.13 ac 
• Cell Area = 29.70 ac 
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 Land Use Category Avg. % 
Impervious 

Area (sf) Area 
(ac) 

Area 
(mi2) 

% of 
Sub-basin 

% of Total 
Watershed 

Impervious 
Area (mi2) 

Impervious % 
Sub-basin 

Impervious 
% 

of Total 
Watershed 

Upper Sub-
basin 

Forest (good cover) 0% 6,031,520 138.46 0.216 59.24% 28.14% 0.000 0.00% 0.00% 

Residential (1/8 ac) 65% 1,575,000 36.16 0.056 15.47% 7.35% 0.037 10.05% 4.78% 

Commercial areas 85% 1,000,000 22.96 0.036 9.82% 4.67% 0.030 8.35% 3.97% 

Paved roads 100% 575,000 13.20 0.021 5.65% 2.68% 0.021 5.65% 2.68% 

Paved parking lots 100% 1,000,000 22.96 0.036 9.82% 4.67% 0.036 9.82% 4.67% 

Total 
 

10,181,520 233.74 0.365 100.00% 47.51% 0.124 33.87% 16.09% 

Mine Area 
Basin 

Forest (good cover) 0% 1,500,625 34.45 0.054 80.03% 7.00% 0.000 0.00% 0.00% 

Residential (1/8 ac) 65% 253,125 5.81 0.009 13.50% 1.18% 0.006 8.78% 0.77% 

Commercial areas 85% 40,000 0.92 0.001 2.13% 0.19% 0.001 1.81% 0.16% 

Paved roads 100% 81,250 1.87 0.003 4.33% 0.38% 0.003 4.33% 0.38% 

Total 
 

1,875,000 43.04 0.067 100.00% 8.75% 0.010 14.92% 1.31% 

Lower Sub-
basin 

Forest (good cover) 0% 6,673,125 153.19 0.239 71.18% 31.14% 0.000 0.00% 0.00% 

Residential (1/8 ac) 65% 984,375 22.60 0.035 10.50% 4.59% 0.023 6.83% 2.99% 

Commercial areas 85% 1,230,000 28.24 0.044 13.12% 5.74% 0.038 11.15% 4.88% 

Paved roads 100% 487,500 11.19 0.017 5.20% 2.27% 0.017 5.20% 2.27% 

Total 
 

9,375,000 215.22 0.336 100.00% 43.74% 0.078 23.18% 10.14% 

Watershed Total 
 

21,431,520 492.00 0.769 
 

100.00% 0.212 
 

27.54% 

Table 4:  Land use and impervious area calculation 
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Fig. 4:  Watershed Delineation and Sub-Basin Areas.  
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Fig. 5:  HEC-HMS Spatial Watershed Model (October, 20)
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Design Storm 

The HEC-HMS watershed model is capable of outputting hydrographs at various locations in the 

watershed for different rainfall and runoff characteristics.  The runoff is determined through the 

curve number method outlined above.  However, the rainfall is dependent on a frequency 

analysis of the largest probably storm.  The PA Department of Environmental Protection’s 

Erosion and Sediment Pollution Control Program Manual notes that a 100 year frequency, 24 

hour duration storm event should be used to design for flood control or channel design 

considerations.  This means the storm that has a 1% chance of occurring each year and lasts for 1 

day.   

The precipitation data for the 100 year design storm was obtained from the NOAA Atlas 14, 

volume 2, version 3 point precipitation frequency estimates table for Penn Hills Municipality.  

The total precipitation intensity was determined to be 0.205 inches per hour, which equates to a 

total surface runoff of 4.92 inches.  However, the NOAA website could not provide how this 

total volume of rain was distributed over the 24 hour duration of the storm.  So, a Type II 

Rainfall Distribution weighting curve was utilized to obtain this time series distribution.  See 

Appendix A for table of 24 hours Type II Rainfall Distribution (100 yr. 24 hr. storm event). 
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Fig. 6:  100 year Frequency, 24 hr. Duration Storm Hyetograph
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HEC-RAS 4.1.0 River Analysis System Model 

In addition to the general watershed model developed in HEC-HMS, a channel model was 

developed for Duff’s Run creek using HEC-RAS 4.1.0 (River Analysis System) software from 

the U.S. Army Corps of Engineers.  This model is also included in Compact Disc format as a 

deliverable for this project, and enables the user to predict water surface profiles and elevations, 

velocities, and energies for different flow conditions in the channel. 

The HEC-RAS model was particularly useful in the case of Duff’s Run because much of the 

stream flows through culverts, pipes, and structured channels in Penn Hills Municipality.  Over 

the 2.3 mile stretch of channel modeled, there were a total of 17 such constrictions in the stream 

flow, all of which were incorporated into the final HEC-RAS model.  A listing of these 

constrictions is shown in Table 5 below.  Note:  The stations, elevations, and geometrical 

features of each culvert were taken from a past storm water management study of the watershed 

and were assumed to be correct based on this study.  Other inputs to the model were calculated 

from the ArcGIS database discussed above, taken from the HEC-HMS model as reasonable 

values, or assumed as below.  

Assumptions  

• 3 reaches were modeled – one above Duff Road, one below Duff Road, and one for the 
mine discharge tributary.   

• Typical, trapezoidal cross sections were assumed throughout the main channel and rough 
dimensions were taken from field measurements. 

• Rectangular cross sections were assumed throughout the mine discharge tributary.   
• Areas and slopes were calculated from the ArcGIS model.   
• Stations and elevations were taken from a past storm water management study of the 

watershed. 
• Culvert and bridge geometries were modeled as presented in this former study.   
• Main channel Manning’s roughness coefficient was assumed to be 0.040 because of the 

rocky stream bed. 
• Concrete culverts and bridges were assumed to have a manning’s coefficient of 0.014 

(typical) and to be free from obstructions. 
• Corrugated metal culverts were assumed to have a manning’s coefficient of 0.030 

(typical) and to be free from obstructions.   
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• Maximum allowable headwaters were calculated based on roadway elevations.   
• 4 cross sections were drawn for each culvert or bridge:  (1) 6 ft. downstream, (1) at the 

outlet, (1) at the inlet, and (1) 6 ft. upstream.   
• A total of 77 cross sections were manually input, then interpolated over the 2.3 mile 

reach.   
• A total of 10 circular or elliptical culverts, 6 box culverts or bridges, and 1 arch culvert 

were modeled over the 2.3 mile reach. 
• A typical, steady, low flow was assumed to be 1.6 cfs by the HEC-HMS model above. 
• A maximum design flow was taken to be the design storm (100 yr., 24 hr.) as above.   
• Steady and Unsteady flow analyses were performed using the channel geometry.  

Example results from these runs are shown in Appendix A.

23



Structure ID Type Length Manning's n Approx. Dimensions 

3 Circular Corrugated 
Metal Culvert 200' 0.03 8' diameter 

4 Circular Corrugated 
Metal Culvert 50' 0.03 8' diameter 

5 Concrete Arch Culvert 38' 0.014 8' span by 4' rise 

6 Concrete Box Culvert 111' 0.014 5.5' span by 3.5' rise 

7 Circular Corrugated 
Metal Culvert 

145' 0.03 5' diameter 

8 Concrete Pipe Culvert 200' 0.014 5' diameter 

9 Concrete Box Culvert 40' 0.014 12' span by 6' rise 

10 Elliptical Concrete 
Culvert 22' 0.014 9' span by 6' rise 

11 Concrete bridge 
opening 13' 0.014 9.5' span by 5' rise 

12A Concrete bridge 
opening 20' 0.014 10' span by 3.8' rise 

12B Elliptical Concrete 
Culvert 28' 0.014 7' span by 4' rise 

12C Concrete bridge 
opening 25' 0.014 6.5' span by 3.5' rise 

12D Concrete Box Culvert 121' 0.014 9' span by 4' rise 

13 Concrete Pipe Culvert 50' 0.014 6' diameter 

14 Concrete Pipe Culvert 650' 0.014 3' diameter 

15 Circular Corrugated 
Metal Culvert 722' 0.03 4' diameter 

16 Circular Corrugated 
Metal Culvert 20 0.03 5' diameter 

Table 5:  Existing Hydraulic Structures modeled in HEC-RAS
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Fig. 7:  Typical Culvert Cross Section in HEC-RAS (Duff Road, Culvert 13) 
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Fig. 8:  River reaches and cross section designations in HEC-RAS (created October, 2013 by Brian W. Hone)  
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Notes 

• A steady flow analysis can be performed in HEC-RAS by loading the steady_low_flow 
file included on the disk.  This analysis assumes a condition similar to when there has 
been no rain for a long while and uses the estimated base flow of 1.6 cfs (see above).   

• An unsteady flow analysis can be performed in HEC-RAS by loading the 
unsteady_100yr_24hr file included on the disk.  This analysis assumes that the design 
storm event passes through the watershed and uses the maximum precipitation 
hydrographs that were found in HEC-HMS.   

• Before each culvert and bridge cross section, a region of “ineffective flow area” is 
outlined in dark green (see fig. 7 above).  This is to account for the fact that the culvert 
mouth is smaller than the channel cross section immediately before it and will have a 
certain loss due to the constriction of flow.   

• Some example outputs for both the steady and unsteady flow analyses can be found in 
Appendix A (HEC-RAS Example Outputs). 
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WATER QUALITY 
ANALYSIS 
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WATER QUALITY 

Sampling 

Prior to designing of the treatment for Duffs Run, the team required more detailed information 

about the flow and chemical condition of the water. Team members first searched for reports and 

studies online but could not find any data for Duffs Run. Contact was made with professionals in 

the field such as the Department of Environmental Protection but the information they shared 

was not extensive enough for the purpose of this. The team decided to conduct its own sampling 

to acquire this information.  

The same equipment was taken to the stream for each sampling event. The items included plastic 

sample bottles, a cooler, thermometer, measuring tape, and a camera. After taking a water 

sample, the temperature of the water was immediately taken and the bottles were placed in a 

cooler until they could be stored in the lab. This is standard procedure to ensure that the water 

characteristics remain the same for when the tests are conducted in the lab. A picture of each 

sample location was taken for documentation. The measuring tape was used for various 

measurements such as culvert dimensions, water depth, and flow calculations. The equipment 

was stored in the lab where all group members had access to it. 

A safety plan was made prior to engaging in field visits. All sampling was performed in groups 

of two or more. No site visits were ever conducted alone. Proper footwear was also required 

when accessing the sampling locations because of the steep terrain. Personal protective 

equipment was worn by group members at all times during sampling events. In addition, the 

team received advice from the Penn Hills municipality in regards to suitable places to park safely 

away from traffic.  

An initial site visit was needed in order to choose adequate stream sampling locations. Figure 9 

shows a map of the area and the original sites chosen along the length of Duffs Run. By using 

this method, the stream was divided up into roughly equal lengths. The tributaries were of 

significant interest, and after analyzing the lab results, the major problem area was around the 

Duffs Road sampling location.  Further investigation allowed the team to locate the orphan mine 

up in the nearby hillside. 
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Fig. 9:  Sampling Locations 

The sampling process was kept consistent throughout its duration. The group took water samples 

three times a week for about four weeks. The goal was to take samples at different times of the 

day and at different flow levels, such as after rain events to see if these factors played a role in 

overall stream quality. The team was interested in the tributaries flowing into Duff’s Run so the 

sampling locations were spaced out before and after these inflows. This all was accomplished 

and consistent results were obtained when the samples were tested in the lab. 
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Testing 

Since there was no past data on Duffs Run, water quality tests needed to be completed to 

determine the degree of pollution in the stream.  To perform the water quality tests, lab access 

had to be obtained from Dr. Casson.  The tests that needed to be performed were pH, alkalinity, 

total suspended solids, total iron, and total aluminum.  The lab had the equipment needed to 

perform all tests but the reagents for aluminum, iron, and alkalinity needed to be ordered.  Once 

the reagents arrived, testing all the samples that had been acquired from Duff’s Run was 

possible.  Once the tests were completed all the data was recorded and analyzed.  After a few 

tests it was possible to eliminate the total suspended solids test because there were no solids 

present.  Also the alkalinity test was suspended once the results turned out to be repetitive.  

Below is the equipment and procedures that were used during testing. 

pH Test 

Equipment:  pH meter, buffer solutions, 10 mL beaker, Kim wipes, deionized water 

Procedure: The pH meter was turned on and a buffer solution was used to make sure the meter 

was calibrated correctly.  Once the meter was adjusted a 10 mL sample was poured into a beaker 

and the wand of the pH meter was placed into the sample.  Once the meter found the pH it was 

recorded and the meter was cleaned with deionized water and Kim wipes. 

Alkalinity Test 

Equipment: 25 mL sample cell, measuring tube, Bromcresol Green-Methyl Red Indicator 

Powder Pillows, Sulfuric Acid Standard Solution 

Procedure: The measuring tube was filled with the sample to be tested, than it was poured into a 

25 mL sample cell.  Next the Bromcresol Green-Methyl Red Indicator powder pillow was 

opened and added into the 25 mL sample cell and the solution turned to a blue-green color.  The 

solution was than swirled until all the powder was dissolved.  Then the sulfuric acid solution was 

added one drop at a time until the solution turned to a pink color.  Once this color was obtained a 

chart was used to determine the alkalinity by counting the number of drops needed to change the 

color of the solution.  This number was recorded and the sample was disposed of and the 

glassware was cleaned. 
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Total Iron Test 

Equipment:  2 10 mL sample cells, FerroVer Iron Reagent Powder Pillows, DR/820-Data 

logging colorimeter, Kim wipes, deionized water 

Procedure:  The sample to be tested was poured into 2 10 mL sample cells.  The one cell was the 

blank to be the comparison.  A FerroVer Iron Reagent powder pillow was then opened and added 

to the other 10 mL sample cell.  The sample would develop an orange color if any iron was 

present.  The sample was then swirled periodically for three minutes, which was the required 

amount of time to allow the reagent to fully react with the sample.  Once three minutes passed 

the first sample cell that only had the clean sample in it was wiped with a Kim wipe and placed 

into the colorimeter and zeroed.  Once it was zeroed the other sample with the dissolved reagent 

was cleaned with a Kim wipe and placed in the colorimeter and then read.  Once the meter read 

the sample the number was recorded and the samples disposed of and all glassware was cleaned. 

Total Aluminum Test 

Equipment: 2 25 mL sample cells, 100 mL graduated cylinder, ascorbic acid powder pillows, 

AluVer aluminum powder pillows, bleaching 3 reagent powder pillows, DR/820-Data logging 

colorimeter, Kim wipes, deionized water 

Procedure: 50 mL of the sample to be tested was poured into the 100 mL graduated cylinder.  

Next one powder pillow of ascorbic acid was added to the graduated cylinder and the sample was 

then swirled until the powder was dissolved.  An AluVer aluminum powder pillow was then 

added to the cylinder and the sampled was swirled and a timer of three minutes was set to allow 

the reagent to react.  The solution would develop a red color if aluminum was present.  After 

three minutes passed the sample was poured into a 25 mL sample cell.  After this was completed 

the bleaching reagent was added to the remaining 25 mL in the graduated cylinder.  The cylinder 

was then swirled and given fifteen minutes to allow the reagent to react.  Once the fifteen 

minutes passed the sample was placed into the other 25 mL sample cell.  Both sample cells were 

then wiped clean with Kim wipes.  The sample cell with the bleaching reagent added to it was 

placed into the colorimeter and zeroed.  Once the sample was zeroed the other sample cell that 

did not have the bleaching reagent was placed into the colorimeter and read.  The number the 

colorimeter read was recorded and all glassware was cleaned with deionized water. 
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Due to the high concentration of aluminum some of the samples had to be diluted with deionized 

water so that the colorimeter could get a reading.  Once the meter read the sample the value that 

was reported was multiplied by a dilution factor and then recorded.  The dilution factor was 

determined by the ratio of actual solution of the sample that was being tested to the total water in 

the graduated cylinder.  For example if 5 mL of sample were added to 95 mL of deionized water 

the dilution factor would be 20. 

The safety of anyone performing theses test was a concern.  All team members became familiar 

with the safety rules of the lab and everyone had to wear latex gloves at all times. 
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Results 

As samples were collected from the stream at the original locations, they were analyzed for pH, 

aluminum concentration, and iron concentration.  With that data, new sample locations were 

focused on with the intention of finding a possible point source area based off of the patterns 

found in the results. Since most of the stream is underground and many abandoned mines 

surround the area, there is potential for multiple point sources to be present and entering the 

stream. 

The averages of pH, aluminum content, and iron content are summarized in the following table 

for each of the sampling locations. 

 pH Aluminum (mg/L) Iron (mg/L) 

Stream samples    

Dunkin Donuts (stream) 6.82 0.23 0.31 

Dunkin Donuts (pond) 6.66 0.27 0.17 

Tanning Salon 7.15 0.11 0.13 

Duffs Road 4.80 4.25 0.17 

Duffs Road (before culvert) 5.68 1.65 0.20 

Pipe in culvert 4.38 7.48 0.22 

Brady’s Auto 5.27 0.92 0.19 

Mine outlet samples    

Point Source 3.38 16.29 0.50 

Trib #2 3.42 11.67 0.43 

Trib #3 3.63 12.14 0.46 

Table 6:  Testing results from sampling locations 

The results show a large range of aluminum content throughout the stream. The tanning salon 

sample has the lowest concentration of aluminum and iron. The highest aluminum concentration 

within the stream is immediately after the point source enters at the pipe in the culvert, although 

the iron concentration is not the highest. The point source has the highest aluminum and iron 

concentration, in addition to the lowest pH value.  
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According to the United States Environmental Protection Agency, an acceptable concentration of 

removable iron in freshwater is 1 mg/L. Since the concentration in this stream is not above 0.5 

mg/L, the design team does not have to account for the removal of iron. However, the 

recommended concentration of removable aluminum is 0.75 mg/L since aluminum occurs within 

ecosystems naturally.  The point source, in addition to all sampling locations after the point 

source, is higher than above criteria, the design team will find a way to mitigate this contaminate. 

Aluminum can remain in the stream due to the low pH levels.  The correlation between a lower 

pH value and higher aluminum content can be seen in figure 10. 

 
Fig. 10:  Average testing results from sampling locations 

If the design team raises the pH of the mine outlet flow, the aluminum will settle out faster. 

Ideally, the designed remediation system will lower the concentration of the aluminum 

contamination to the desired levels. 
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REMEDIATION DESIGN 
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REMEDIATION DESIGN 

The following outlines the design for a treatment remediation facility near the point source of 

pollution.  The point source will be redirected into the treatment center and act with the 

following design specifications. 

Diversion Well Overview 

The primary treatment option for the acid mine 

drainage will be a diversion well installed in close 

proximity to the pollution source. With this design 

option, the discharge will be completely treated for 

aluminum and acidity before the water reaches Duffs 

Run. The concept of a diversion well, as illustrated 

in Figure 11, is to pipe the water from the source to a 

storage tank. 

Fig. 11:  Diversion well. 

Piping 

The mine discharge water will be collected from two main outlets in the hillside, and piped in a 

24 inch diameter pipe to the diversion well.  A second 24 diameter pipe will be perforated to 

collect the excess runoff water from the hillside.  These two pipes will be buried and follow the 

same path to the diversion well.  The pipes will meet at a t-connector and will reduce in size to 

an 8 inch tube as the pipe enters the top of the tank.  The total head of the water at this point is 

estimated around 50 feet which is adequate for the purpose of churning the limestone in the tank.  

The nozzle at the end of the pipe required a special design so that the energy would not be 

wasted.  To better disperse the energy, a cap will be placed on the end of the pipe and holes will 

be drilled around the 8 inch tube.  There should be three holes, each two inches in diameter, 

spaced evenly around the tube.  This design allows the water to flow horizontally into the 

limestone to achieve a mixing effect.  In addition, an overflow valve will be incorporated into the 

piping so that excess water can bypass the system if necessary.  Total piping quantities are given 

in Appendix B.  The diversion well will fill with water and the excess will flow out of the top, 
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through a riprap channel, and into the settling pond.  The detention time for the water in the pond 

has been calculated to be approximately 27.4 hours (Appendix B).  A weir at the far end of the 

pond will control the outflow which passes through a second riprap channel and into Duff’s Run. 

Tank Design 

The optimal size of the tank is 6 ft. diameter with an 8 ft. depth.  This size is a common size used 

for diversion wells in Pennsylvania.   This will be a circular tank made of concrete that has a 

thickness of 4 inches.  The tank will be placed near the retention pond so that the treated water 

can flow out of the diversion well and into the pond.  The well will be constructed by one precast 

concrete manhole that will have a layer of reinforced concrete poured in the bottom of the well 

after placement.  The excavated hole the well will be placed in will be 7 ft. in depth so that 1 ft. 

of the tank remains above the ground.  There will also be a notch 16 in. wide by 8 in. deep at the 

lip of the well to provide for the outflow.  On top of the well will be a circular grate that will 

cover the entire manhole.  An 8 in. diameter hole will be located in the middle of the grate to 

provide for the inflow pipe entering the tank. 

Limestone 

The majority of the tank is buried below surface level and it is filled with roughly a ton of 

limestone. The properties of lime allow it to reduce the acidity of water by increasing the pH 

level. The water is piped through the top of the tank and discharges in the center, near the tank 

bottom. The water pressure entering underneath the limestone creates a fluidized bed of 

limestone which is in constant motion. The acidity of the water and this churning action will 

further break down the individual stones, thus creating more surface area of stone which can 

come into contact with the water. This process will raise the pH level of the water closer to 

neutral levels. 

The reason limestone was chosen to be added to the tank is due to its ability to cause an increase 

in the pH of water.  Limestone is made up of calcium carbonate which has the ability to increase 

the alkalinity of water.  This means that more OH- ions are introduced to the water causing the 

pH to increase.  This is shown in the following chemical equation: 

CaCO3(s) + H2O ↔ Ca2+ + HCO3- + OH- 
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As the equation shows, the limestone when introduced to water adds OH- ions which in turn 

cause the pH to increase.  This reaction causes aluminum (Al3+) to drop out of solution by 

becoming aluminum hydroxide (Al(OH)3).  According to research complied in the article “An 

installation and Operations Manual for Diversion Wells:  A Low-Cost Approach for Treatment 

of Acidic Streams,” the pH will increase by 1-3 units with the addition of a limestone diversion 

well.  This rise in pH is great enough to cause the aluminum to drop out because aluminum drops 

out of solution between the pH ranges of 5.5-12.0. 

With the proper detention time, the aluminum will be able to drop out of solution and settle in 

the pond before exiting into Duffs run.  The pond has a volume equaling 11,000 cubic feet, 

which is equivalent to 82,286 gallons.  Taking the normal flow rate averaging approximately 50 

gpm, the detention time of the treated water is approximately 27.3 hours.  This is plenty of time 

to allow the aluminum to fall out of solution, but further pilot testing should be done to confirm 

these approximations.  If the aluminum is unable to drop out of solution in this amount of time, 

other steps can be taken to ensure the aluminum will completely fall out before leaving the 

retention pond. 

With this duration of retention time and assuming all the aluminum will drop out of solution in 

that time period, it will take close to 765 years for the resulting aluminum to reach a height of 1 

foot in the retention pond.  At this level it is recommended that the municipality take the proper 

steps to clean the pond so it will still function properly. 

Limestone is required for this design option and will need to be resupplied every week.  One ton 

of stone can be added to the diversion well through the access hatch at the top every week.  

Limestone is a readily available product that can be purchased in bulk and transported to the site.  

Table 7 below gives a brief list of possible providers along with their location and pricing. 

 Price (per ton) Location Distance to site (mile) 

Park West Supply $20 Coraopolis 25 

M&M Lime $25 Kittanning 35 

Beall’s Nursery and 

Landscaping 

$20 Plum Borough 10 

Table 7:  Limestone Providers 
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To increase efficiency, a storage container will be located at the project site of the diversion well. 

The container should adequately store 4-5 tons of limestone. This way, the stone can be 

purchased and delivered roughly once per month. Each week, limestone from this storage 

container can be used to easily replenish the diversion well. 

Fly Ash 

Due to the limited space available at the treatment site, the settling pond cannot be as large as 

other designs would typically call for. Additional tests need to be performed to determine the 

settling rate of aluminum hydroxide. It is possible that the size of our pond is not large enough to 

allow all of the aluminum to settle out of solution. If this is the case, another additive must be 

used to increase the settling rate of aluminum. Fly ash is a readily available product that can be 

used for this purpose. This byproduct of coal burning has cement-like properties that allow it to 

coagulate with aluminum particles and greatly increase its settling rate. A combination of fly ash 

and water will be held in a slurry mix tank above the diversion well. Additional tests are needed 

to determine the exact quantity of fly ash needed for 

this treatment process. The slurry mixture is an 

efficient method to add the fly ash to the water for 

treatment. A typical slurry mix tank is detailed in 

Figure 12. It can be powered by an electric motor that 

is fed by a local power source. The price of slurry mix 

tanks range from five to ten thousand dollars so the 

choice of the tank will depend on available funds. 

Fig. 12:  Fly Ash Slurry Mix Tank 

The cost of obtaining the fly ash, the mixer that will constantly be operating to add the fly ash, 

and a separate container to store the fly ash will be relatively large.  To incorporate fly ash into 

this treatment process will be a last resort for the municipality.  The design of the tank and the 

pond should be large enough to allow the treatment to be 100% effective without fly ash.  

Further pilot testing must be completed to determine the effectiveness of this treatment process, 

but referencing previous tests the treatment process should accomplish the complete removal of 

aluminum without the addition of fly ash. 
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Clean up Strategy 

It will be the responsibility of the municipality to clean out the retention pond whenever the 

aluminum starts to accumulate, or the treatment becomes ineffective due to the retention time 

decreasing due to the loss of volume by aluminum settling at the bottom of the pond.  The most 

effective way to accomplish this is to have vacuum trucks arrive at the pond and remove all 

water and dispose of it at a land fill or drying pad.  Most trucks can take 5,000 gallons of water 

depending on the specific gravity of the water.  Therefore, seventeen truckloads would be needed 

to suck out the retention pond.  This would all be done while the water was no longer flowing 

into the diversion well. The water would directly run into Duff’s Run for the time that the clean-

up process is taking place.  The trucks would properly dispose the aluminum once it is collected.  

This process should only take a few hours and will not need to be done frequently due to the 

small size of aluminum hydroxide that will drop out of solution.  To remove the aluminum may 

be an expensive process but it will be close to every 765 years approximately. 

Pond Design 

Following the limestone remediation, the water will flow into a settlement pond. The land 

available was optimized for the pond.  The top surface area of the pond was found to be a length 

of 83.5 feet and a width of 48.5 feet.  Since the pond will be dug to a depth of three feet, a slope 

of 45 degrees is assumed to prevent soil failure. The bottom surface of the pond will be a length 

of 77.5 feet and a width of 42.5 feet. With this, the pond will have a volume of approximately 

11,000 cubic feet. The calculations can be found in Appendix B. 

In order to construct the pond, the current land needs to be dug up to the measurements 

mentioned before. After digging is completed, a layer of clay will be compacted on top of the 

local soil. This is done to help ensure the structural stability of the pond.  

A high density polyethylene (HDPE) liner will be installed over the clay layer to prevent seepage 

into the groundwater and surrounding soil from being contaminated as well. HDPE is prepared 

from ethylene by a catalytic process resulting in a closely packed structure with a higher density 

and higher chemical resistance than other polymers. HDPE is highly resistant to concentrated 

acids, alcohols, and bases with a temperature range of -148°F to 248°F. 
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The pond will retain the water for approximately 27.43 hours, which allows the aluminum time 

to drop out of solution and then exit the pond via a weir into a channel leading back to the 

stream. The channel will be developed with minimal groundwork and have boulders for toe 

protection.  The weir will be a broad-crested layout.  The advantages of using a broad-crested 

layout is the design and construction of the structure is simple and inexpensive, the head loss 

across the structure is generally small, and floating debris usually passes over with minimal 

clogging. This design calls for three concrete masonry units laid side by side and filled with 

concrete. The dimensions are six feet long, eight inches high, and 24 inches wide.  Nine blocks 

will be needed to complete the weir.  The calculations for this can be found in appendix B. 

Cost Estimate 

The approximated cost for the treatment facility is $76,856 with an alternate of an additional 

$10,000 for the inclusion of the fly ash hopper.  This cost includes all material, labor, and 

equipment costs for all construction activities.  Taxes and insurance have also been including in 

the cost analysis using labor union rates for the Pittsburgh area.  The breakdown for the cost 

analysis can be found in Appendix B. 

Drawings and Schematics 

Figure 13 and drawings 1-5 provide schematics for the proposed remediation treatment design 

below.  All calculations for the remediation design are provided in Appendix B. 
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Fig. 13:  Treatment Layout 
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Drawing 1:  Overall Layout 

 

 
Drawing 2:  Elevation 

 

 
Drawing 3:  Pond and Tank Elevation 
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Drawing 4:  Tank Detail 

 

 
Drawing 5:  Tank Elevation Detail 
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ALTERNATE DESIGNS 
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ALTERNATE DESIGN OPTIONS 

Limestone Pond Option 

A secondary option for a treatment 

design could be a limestone pond 

that feeds into an aerobic wetland. 

A typical channel is illustrated in 

Figure 14. This design combines 

the benefits of both an active and a 

passive system. 

Fig. 14:  Limestone Channel 

The mine discharge will meander through the channel around limestone baffles. The baffles 

serve two purposes. Physically, they slow down the flow of water allowing for a longer detention 

time. Chemically, the limestone will react with the acidic water to raise its pH level. The water 

leaving the channel will then flow into the wetland. This water will have lower aluminum 

content and a near-neutral pH level. The wetland can then naturally react with the water to 

further purify it. This concept is not the most feasible in our situation because of the land 

constraint. A system such as this requires roughly six acres of available flat land, as we 

determined from our trip to Wingfield Pines. In addition, the limestone in the channel will 

quickly become covered with aluminum oxide, making it ineffective in reducing the acidity of 

the water. The baffles will require frequent maintenance which is not conducive to time or cost.  

Active Treatment Process 

One option that was considered when deciding the best way to remediate Duff’s Run was to 

develop an active treatment plant.  This plant would be designed and developed to specifically 

treat high aluminum concentrations.  The problem with this option is the cost of maintenance for 

an active treatment plant.  There are government funds that support this type of project, but since 

Duffs Run is a small stream, the cost to build and maintain such a treatment plant would 

outweigh the benefit and therefore be a poor option for the municipality. 
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Boring into the Source Point 

Another option would be to treat the problem directly at the source.  It was considered to drill 

into the hillside and treat the mine pool, by adding chemicals similar to the proposed design.  

This would save the municipality the fees of construction for the diversion well, pond, and 

piping system.  This seems like the best secondary option, the only problem would be the 

stability of the hillside where the source is located.  The hillside itself seems very unstable, and it 

is a concern since there are houses built above the abandoned mine.  If the municipality 

determines this option is better they could pursue it, but due to the uncertainty of the stability of 

the hillside, it is strongly recommended that they do not attempt to use this option.  

Wetland Option 

At the beginning of the project, a wetland at the end of the stream was considered as an option to 

remove the aluminum. It is a strictly passive system that allows the contaminated water to filter 

through the wetland cleaning the water.  However, this option requires a significant amount of 

land in order to have an appropriate detention time.  Additionally, wetlands are not particularly 

successful at removing aluminum since pH is not greatly affected by filtering.  This idea was 

abandoned since the land was not available and it is not an efficient solution for this problem. 
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September 5, 2013.   

15. Trails.com - TopoZone.  Last accessed November 3, 2013.  
http://www.topozone.com/map.asp?lat=40.39555&lon=-79.83888  
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Energy and The Environment ©2013 The Pennsylvania State University.  Last accessed 
November 3, 2013.  
http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry=PASDA&file=AlleghenyCou
nty_Contours2006.xml&dataset=1200  

18. Pennsylvania Department of Transportation - Bureau of Planning and Research - 
Geographic Information Division.  Data from Pennsylvania Spatial Data Access 
(PASDA)    Penn State Institutes of Energy and The Environment ©2013 The 
Pennsylvania State University.  Last accessed November 3, 2013.  
http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry=PASDA&file=PaLocalRoads
2013_02.xml&dataset=1038  

19. Pennsylvania Department of Transportation - Bureau of Planning and Research - 
Cartographic Information Division.  Data from Pennsylvania Spatial Data Access 
(PASDA)    Penn State Institutes of Energy and The Environment ©2013 The 
Pennsylvania State University.  Last accessed November 3, 2013.  
http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry=PASDA&file=PaMunicipalit
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Data Access (PASDA)    Penn State Institutes of Energy and The Environment ©2013 
The Pennsylvania State University.  Last accessed November 3, 2013.  
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Layer Name Description Source URL Geographic Coordinate System Datum

c_contours_pittsburgh
Topographical map layer of the 

coal bed contours in the 
Pittsburgh Area

Pennsylvania Spatial Data Access (PASDA)    Penn 
State Institutes of Energy and The Environment 
©2013 The Pennsylvania State University.  Last 
accessed November 3, 2013 

http://www.pasda.psu.edu/uci/SearchResults.a
spx?themeKeyword=geoscientificInformation&s
essionID=3697757122013113182946&searchTy
pe=theme&entry=PASDA  

GCS_North_American_1927 D_North_American_1927

Sampling Locations
A latitude and longitude table of 

the 6 locations for field 
sampling

Google Earth ©2013 - version 7.1.1.1888.  Locations 
compiled by Brian W. Hone on October 3, 2013 N/A NAD83_GEO D_North_American_1983

MinedOutAreas2011
A cross-hatch overlay showing 

previously coal mined areas 
throughout Pennsylvania

Pennsylvania Department of Environmental Protection 
(PaDEP) - Bureau of District Mining Operations - 

Coal Center, PA.  Last accessed November 3, 2013.

http://www.pasda.psu.edu/uci/SearchResults.a
spx?originator=&Keyword=mined%20out%20ar
eas&sessionID=2441900322013113184249&sea
rchType=keyword&entry=PASDA&condition=AN
D

GCS_North_American_1983 D_North_American_1983

39268500.tif
A .tiff image showing old coal 

mine areas throughout the 
Pittsburgh region

The Office of Surface Mining Reclamation and 
Enforcement (OSM) - Appalachian Regional Office 

(AR) - Pittsburgh Field Division.  United States 
Department of the Interior.  Images requested from the 

National Mine Map Repository, Greentree, PA on 
September 5, 2013

N/A NAD_1983_StatePlane_Pennsylvan
ia_South_FIPS_3702_Feet D_North_American_1984

pittsburgh_east_pa.tif

A .tiff image of the USGS 30 x 
60 minute series  for East 
Pittsburgh, PA ((Braddock 

Quadrangle) - contour interval 
20m - 1986

Trails.com - TopoZone.  Last accessed November 3, 
2013

http://www.topozone.com/map.asp?lat=40.395
55&lon=-79.83888

NAD27_UTM_zone_17N D_North_American_1927

aerial_photo

A .tiff satellite image from the 
LANDSAT satellite showing 

the 17N zone (East 
Pennsylvania)

The Global Land Cover Facility (GLCF) online - 
University of Maryland, College Park, MD.  Last 

accessed November 3, 2013.  
http://glcfapp.glcf.umd.edu:8080/esdi/ WGS_84_UTM_zone_17N WGS_84

AlleghenyCounty_Contours
2006

Elevation contours of Allegheny 
County, PA (interval 5 feet)

Allegheny County - Division of Computer Services - 
Geographic Information Systems Group.  Data from 
Pennsylvania Spatial Data Access (PASDA)    Penn 

State Institutes of Energy and The Environment 
©2013 The Pennsylvania State University.  Last 

accessed November 3, 2013 

http://www.pasda.psu.edu/uci/MetadataDispla
y.aspx?entry=PASDA&file=AlleghenyCounty_Co

ntours2006.xml&dataset=1200
GCS_North_American_1983 D_North_American_1983

PA_Local_Roads2013_02
Local roads in the state of 

Pennsylvania NOT maintained 
by PennDOT- 2013

Pennsylvania Department of Transportation - Bureau 
of Planning and Research - Geographic Information 

Division.  Data from Pennsylvania Spatial Data Access 
(PASDA)    Penn State Institutes of Energy and The 

Environment  ©2013 The Pennsylvania State 
University.  Last accessed November 3, 2013 

http://www.pasda.psu.edu/uci/MetadataDispla
y.aspx?entry=PASDA&file=PaLocalRoads2013_0

2.xml&dataset=1038
GCS_North_American_1983 D_North_American_1983

PaMunicipalities2013_03 Municipality boundaries in the 
state of Pennsylvania - 2013

Pennsylvania Department of Transportation - Bureau 
of Planning and Research - Cartographic Information 

Division.  Data from Pennsylvania Spatial Data Access 
(PASDA)    Penn State Institutes of Energy and The 

Environment  ©2013 The Pennsylvania State 
University.  Last accessed November 3, 2013

http://www.pasda.psu.edu/uci/MetadataDispla
y.aspx?entry=PASDA&file=PaMunicipalities2013

_03.xml&dataset=41
NAD83_GEO D_North_American_1983

Stormwater_83_GEO

This shapefile represents the 
polygon locations and data for 

DEP designated stormwater 
management watersheds

Pennsylvania Department of Environmental Protection.  
Data from Pennsylvania Spatial Data Access (PASDA)    
Penn State Institutes of Energy and The Environment 

©2013 The Pennsylvania State University.  Last 
accessed November 3, 2013

http://www.pasda.psu.edu/uci/MetadataDispla
y.aspx?entry=PASDA&file=Stormwater167_201

3_10.xml&dataset=277
GCS_North_American_1983 D_North_American_1983

Network Streams
This layer shows all the streams 
in PA connected as single, blue 

lines.

Pennsylvania Spatial Data Access (PASDA)    Penn 
State Institutes of Energy and The Environment 
©1998 The Pennsylvania State University: 
Environmental Resources Research Institute.  Last 
accessed November 9, 2013 

http://www.pasda.psu.edu/uci/MetadataDispla
y.aspx?entry=PASDA&file=netstreams1998.xml

&dataset=16
GCS_North_American_1983 D_North_American_1983

ERRI Major Rivers This layer shows all the major 
rivers in PA.

Pennsylvania Spatial Data Access (PASDA)    Penn 
State Institutes of Energy and The Environment 
©1996 The Pennsylvania State University: 
Environmental Resources Research Institute.  Last 
accessed November 9, 2013

http://www.pasda.psu.edu/uci/MetadataDispla
y.aspx?entry=PASDA&file=pamajorrivers1996.x

ml&dataset=94
GCS_North_American_1983 D_North_American_1983

Major Watersheds 104 with 
Names

Digitized boundaries of 104 
major watersheds defined in the 
Pennsylvania state water plan.

Pennsylvania Spatial Data Access (PASDA)    Penn 
State Institutes of Energy and The Environment 
©1996 The Pennsylvania State University: 
Environmental Resources Research Institute.  Last 
accessed November 9, 2013

http://www.pasda.psu.edu/uci/MetadataDispla
y.aspx?entry=PASDA&file=majorsheds1041998.

xml&dataset=15
GCS_North_American_1983 D_North_American_1983

ERRI Small Watersheds 
2009

Boundaries of 9,895 watersheds 
in Pennsylvania indicated in the 

Pennsylvania gazeteer of 
streams.

Pennsylvania Spatial Data Access (PASDA)    Penn 
State Institutes of Energy and The Environment 
©2009 The Eastern Pennsylvania Coalition for 
Abandoned Mine Reclamation (EPCAMR).  Last 
accessed November 9, 2013

http://www.pasda.psu.edu/uci/MetadataDispla
y.aspx?entry=PASDA&file=ERRISmallWatershed

s2009.xml&dataset=3047
GCS_North_American_1983 D_North_American_1983

Precipitation Annual PRISM 
1961 1990

This map layer shows polygons 
of average annual precipitation 
in the contiguous United States, 

for the climatological period 
1961-1990. 

Pennsylvania Spatial Data Access (PASDA)    Penn 
State Institutes of Energy and The Environment 
©2009.  U.S. Department of Agriculture.  Last 
accessed November 9, 2013

http://www.pasda.psu.edu/uci/MetadataDispla
y.aspx?entry=PASDA&file=PrecipitationAnnualP

RISM19611990.xml&dataset=958
GCS_North_American_1983 D_North_American_1983

PennHillsWebMap

This map layer incorporates 
several sets of data published 

by the Penn Hills Planning and 
Development Council.  These 

data include municpal 
boundary, streets, wyes, 

sanitary points, sanitary point 
labels, sanitary lines, buildings, 
lakes, drainage, parcels2009, 

mine areas, and zoning.  

Municipality of Penn Hills: Department of Planning 
and Economic Development.  Last accessed November 

9, 2013.  
http://www.pennhills.org/newplanhome.html GCS_North_American_1983 D_North_American_1983

http://www.pasda.psu.edu/uci/SearchResults.aspx?themeKeyword=geoscientificInformation&sessionID=3697757122013113182946&searchType=theme&entry=PASDA
http://www.pasda.psu.edu/uci/SearchResults.aspx?themeKeyword=geoscientificInformation&sessionID=3697757122013113182946&searchType=theme&entry=PASDA
http://www.pasda.psu.edu/uci/SearchResults.aspx?themeKeyword=geoscientificInformation&sessionID=3697757122013113182946&searchType=theme&entry=PASDA
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http://www.pasda.psu.edu/uci/SearchResults.aspx?originator=&Keyword=mined%20out%20areas&sessionID=2441900322013113184249&searchType=keyword&entry=PASDA&condition=AND
http://www.topozone.com/map.asp?lat=40.39555&lon=-79.83888
http://www.topozone.com/map.asp?lat=40.39555&lon=-79.83888
http://glcfapp.glcf.umd.edu:8080/esdi/
http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry=PASDA&file=AlleghenyCounty_Contours2006.xml&dataset=1200
http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry=PASDA&file=AlleghenyCounty_Contours2006.xml&dataset=1200
http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry=PASDA&file=AlleghenyCounty_Contours2006.xml&dataset=1200
http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry=PASDA&file=PaLocalRoads2013_02.xml&dataset=1038
http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry=PASDA&file=PaLocalRoads2013_02.xml&dataset=1038
http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry=PASDA&file=PaLocalRoads2013_02.xml&dataset=1038
http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry=PASDA&file=PaMunicipalities2013_03.xml&dataset=41
http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry=PASDA&file=PaMunicipalities2013_03.xml&dataset=41
http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry=PASDA&file=PaMunicipalities2013_03.xml&dataset=41
http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry=PASDA&file=Stormwater167_2013_10.xml&dataset=277
http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry=PASDA&file=Stormwater167_2013_10.xml&dataset=277
http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry=PASDA&file=Stormwater167_2013_10.xml&dataset=277
http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry=PASDA&file=netstreams1998.xml&dataset=16
http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry=PASDA&file=netstreams1998.xml&dataset=16
http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry=PASDA&file=netstreams1998.xml&dataset=16
http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry=PASDA&file=pamajorrivers1996.xml&dataset=94
http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry=PASDA&file=pamajorrivers1996.xml&dataset=94
http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry=PASDA&file=pamajorrivers1996.xml&dataset=94
http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry=PASDA&file=majorsheds1041998.xml&dataset=15
http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry=PASDA&file=majorsheds1041998.xml&dataset=15
http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry=PASDA&file=majorsheds1041998.xml&dataset=15
http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry=PASDA&file=ERRISmallWatersheds2009.xml&dataset=3047
http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry=PASDA&file=ERRISmallWatersheds2009.xml&dataset=3047
http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry=PASDA&file=ERRISmallWatersheds2009.xml&dataset=3047
http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry=PASDA&file=PrecipitationAnnualPRISM19611990.xml&dataset=958
http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry=PASDA&file=PrecipitationAnnualPRISM19611990.xml&dataset=958
http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry=PASDA&file=PrecipitationAnnualPRISM19611990.xml&dataset=958
http://www.pennhills.org/newplanhome.html
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Typewritten Text
GIS RESOURCES

Owner
Typewritten Text

Owner
Typewritten Text

Owner
Typewritten Text



RAINFALL DISTRIBUTION TYPE II

This data can be used for a hyetograph

http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=40.4470&lon=-79.9512&data=intensity&units=english&series=pds#curves

24-hr rainfall intensity= 0.205 in/hr

Time (hr) Type II ∆ Accumulated Rainfall per half hour (in)
0 0.00000 0.00000 0.00000

0.5 0.00513 0.00513 0.02524
1 0.01050 0.00537 0.02642

1.5 0.01613 0.00563 0.02770
2 0.02200 0.00587 0.02888

2.5 0.02813 0.00613 0.03016
3 0.03450 0.00637 0.03134

3.5 0.04113 0.00663 0.03262
4 0.04800 0.00687 0.03380

4.5 0.05525 0.00725 0.03567
5 0.06300 0.00775 0.03813

5.5 0.07125 0.00825 0.04059
6 0.08000 0.00875 0.04305

6.5 0.08925 0.00925 0.04551
7 0.09900 0.00975 0.04797

7.5 0.10925 0.01025 0.05043
8 0.12000 0.01075 0.05289

8.5 0.13225 0.01225 0.06027
9 0.14700 0.01475 0.07257

9.5 0.16300 0.01600 0.07872
10 0.18100 0.01800 0.08856

10.5 0.20400 0.02300 0.11316
11 0.23500 0.03100 0.15252

11.5 0.28300 0.04800 0.23616
12 0.66300 0.38000 1.86960

12.5 0.73500 0.07200 0.35424
13 0.77200 0.03700 0.18204

13.5 0.79900 0.02700 0.13284
14 0.82000 0.02100 0.10332

14.5 0.83763 0.01763 0.08674
15 0.85350 0.01587 0.07808

15.5 0.86763 0.01413 0.06952
16 0.88000 0.01237 0.06086

16.5 0.89119 0.01119 0.05505
17 0.90175 0.01056 0.05196

17.5 0.91169 0.00994 0.04890
18 0.92100 0.00931 0.04581

18.5 0.92969 0.00869 0.04275
19 0.93775 0.00806 0.03966

19.5 0.94519 0.00744 0.03660
20 0.95200 0.00681 0.03351

20.5 0.95844 0.00644 0.03168
21 0.96475 0.00631 0.03105

21.5 0.97094 0.00619 0.03045
22 0.97700 0.00606 0.02982

22.5 0.98294 0.00594 0.02922
23 0.98875 0.00581 0.02859

23.5 0.99444 0.00569 0.02799
24 1.00000 0.00556 0.02736

sum= 24.693050 1.000000 4.920000

http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=40.4470&lon=-79.9512&data=intensity&units=english&series=pds#curves�


5000 ft = upper subbasin length
1575 ft = mine area basin length
5000 ft = lower subbasin length

20,000,000 sf = 1 grid area
16 cells = 1 grid area

1,250,000 sf = 1 cell area
1 ac = 43,560 sf

28.70 ac = 1 cell area
492 ac = watershed area

17.15 cells = watershed area
1 mi2 = 640 ac

# of Cells Area (ac) Area (mi2) % of Total Watershed
Upper Subbasin 8.15 233.74 0.365 47.51%
Mine Area Basin 1.5 43.04 0.067 8.75%
Lower Subbasin 7.50 215.22 0.336 43.74%
Totals 17.15 492.00 0.769 100.00%

Checks: 17.15 492.00 0.769

Owner
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BASIN AREAS



Land Use Category

 
Imperviou

s Area (sf) Area (ac) Area (mi2)

 
Subbasi

n

  
Watershe

d
s

Area (mi2)

 
%

of Subbasin

 
of Total 

Watershed
Forest (good cover) 0% 6,031,520 138.46 0.216 59.24% 28.14% 0.000 0.00% 0.00%
Residential (1/8 ac) 65% 1,575,000 36.16 0.056 15.47% 7.35% 0.037 10.05% 4.78%
Commercial areas 85% 1,000,000 22.96 0.036 9.82% 4.67% 0.030 8.35% 3.97%
Paved roads 100% 575,000 13.20 0.021 5.65% 2.68% 0.021 5.65% 2.68%
Paved parking lots 100% 1,000,000 22.96 0.036 9.82% 4.67% 0.036 9.82% 4.67%
Total 10,181,520 233.74 0.365 100.00% 47.51% 0.124 33.87% 16.09% 33.87% 16.09%
Forest (good cover) 0% 1,500,625 34.45 0.054 80.03% 7.00% 0.000 0.00% 0.00%
Residential (1/8 ac) 65% 253,125 5.81 0.009 13.50% 1.18% 0.006 8.78% 0.77%
Commercial areas 85% 40,000 0.92 0.001 2.13% 0.19% 0.001 1.81% 0.16%
Paved roads 100% 81,250 1.87 0.003 4.33% 0.38% 0.003 4.33% 0.38%
Total 1,875,000 43.04 0.067 100.00% 8.75% 0.010 14.92% 1.31% 14.92% 1.31%
Forest (good cover) 0% 6,673,125 153.19 0.239 71.18% 31.14% 0.000 0.00% 0.00%
Residential (1/8 ac) 65% 984,375 22.60 0.035 10.50% 4.59% 0.023 6.83% 2.99%
Commercial areas 85% 1,230,000 28.24 0.044 13.12% 5.74% 0.038 11.15% 4.88%
Paved roads 100% 487,500 11.19 0.017 5.20% 2.27% 0.017 5.20% 2.27%
Total 9,375,000 215.22 0.336 100.00% 43.74% 0.078 23.18% 10.14% 23.18% 10.14%

Watershed Total 21,431,520 492.00 0.769 100.00% 0.212 27.54% 27.54%

Checks: 21,431,520

Upper Subbasin

Mine Area Basin

Lower Subbasin

Owner
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Fig. A1:  Output Hydrograph for Downstream Sink (to Turtle Creek) 
 
 
 
 



 
 
Fig A2:  Summary Table for Downstream Sink (to Turtle Creek) 
 
 
 
 
 
 
 



 

 
 
Fig. A3:  Output Hydrograph for Duff Road Junction 
 
 



 

 
 
Fig A4:  Summary Table for Duff Road Junction 
 
 
 
 
 
 
 



 
 
Fig. A5:  Output Hydrograph for Upper Sub-basin 
 
 
 



 
 
Fig A6:  Summary Table for Upper Sub-basin 
 
 
 
 
 



 
 
Fig. A7:  Output Hydrograph for Lower Sub-basin 
 
 
 



 
 
Fig A8:  Summary Table for Lower Sub-basin 
 
 
 
 
 



 

 
 
Fig. A9:  Output Hydrograph for Mine Discharge Sub-basin 
 
 



 
 
Fig A10:  Summary Table for Mine Discharge Sub-basin 
 





HEC-RAS EXAMPLE OUTPUTS



 
 
Fig. A11:  Steady, Low Flow Analysis (Duff Road Culvert, 13) 
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Fig. A12:  Unsteady Flow Analysis – 100 year, 24 hour storm (Duff Road Culvert, 13) 
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Fig. A13:   Steady, Low Flow Analysis (water surface profile) 
 
 
 

-20000 0 20000 40000 60000 80000 100000 120000
980

1000

1020

1040

1060

Duff_Run_master       Plan: Plan 01    11/16/2013 

Main Channel Distance (ft)

E
le

va
tio

n 
(ft

)

Legend

WS  PF 1

Ground

Duff Run lower reach



 
 
 

 
 
Fig. A14:  Unsteady Flow Analysis – 100 year, 24 hour storm (water surface profile) 

-20000 0 20000 40000 60000 80000 100000 120000
950

1000

1050

1100

1150

1200

1250

1300

Duff_Run_master       Plan: Plan 01    11/16/2013 

Main Channel Distance (ft)

E
le

va
tio

n 
(ft

)

Legend

WS  15OCT2013 1310

Ground

Duff Run lower reach



 
 

 
 
Fig. A15:  Steady, Low Flow Analysis – 3D Cross Section Plot (Duff Road, Culvert 13) 
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Fig. A16:  Unsteady Flow Analysis – 3D Cross Section Plot (Duff Road, Culvert 13) 
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Structure ID Type Length Manning's n Approx. Dimensions

3 Circular Corrugated 
Metal Culvert 200' 0.03 8' diameter

4 Circular Corrugated 
Metal Culvert 50' 0.03 8' diameter

5 Concrete Arch Culvert 38' 0.014 8' span by 4' rise
6 Concrete Box Culvert 111' 0.014 5.5' span by 3.5' rise

7 Circular Corrugated 
Metal Culvert 145' 0.03 5' diameter

8 Concrete Pipe Culvert 200' 0.014 5' diameter
9 Concrete Box Culvert 40' 0.014 12' span by 6' rise

10 Elliptical Concrete 
Culvert 22' 0.014 9' span by 6' rise

11 Concrete bridge opening 13' 0.014 9.5' span by 5' rise

12A Concrete bridge opening 20' 0.014 10' span by 3.8' rise

12B Elliptical Concrete 
Culvert 28' 0.014 7' span by 4' rise

12C Concrete bridge opening 25' 0.014 6.5' span by 3.5' rise

12D Concrete Box Culvert 121' 0.014 9' span by 4' rise
13 Concrete Pipe Culvert 50' 0.014 6' diameter
14 Concrete Pipe Culvert 650' 0.014 3' diameter

15 Circular Corrugated 
Metal Culvert 722' 0.03 4' diameter

16 Circular Corrugated 
Metal Culvert 20 0.03 5' diameter

Owner
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APPENDIX B 

WATER QUALITY ANALYSIS 

REMEDIATION DESIGN 

COST ESTIMATE 





SAMPLING DATA SHEETS 



Date: 19-Sep Weather:
Dunkin Donuts 1 Dunkin Donuts 2 Tanning Salon Duffs Road Car Dealership

Time 11:15  - - 11:20 11:25 11:30
Temperature 16  - - 16 16 16
pH 6.53  - - 7.09 4.8 4.88
Aluminum .26 mg/L  - - 0.081 mg/L 2.49 mg/L .25 mg/L
Iron .23 mg/L  - - .17 mg/L .07 mg/L 0.18 mg/L
Alkalinity 385 mg/L *  - - 385 mg/L * 385 mg/L * 385 mg/L *

Sunny, 70 Degrees



Date: 9/20/2013 Weather:
Dunkin Donuts 1 (stream) Dunkin Donuts 2 (pond) Tanning Salon Duffs Road Car Dealership

Time 4:00  - - 4:10 4:20 4:25
Temperature 18.2°C  - - 17.9°C 18.0°C 18.0°C
pH (field)  - -  - -  - -  - -  - - 
pH (lab) 6.51 (@21.5°C)  - - 7.01 (@21.7°C) 4.49 (@21.6°C) 4.85 (@21.7°C)
Flow Rate  - -  - -  - -  - -  - - 
Aluminum 0.176 mg/L  - - 0.027 mg/L 2.19 mg/L 1.66 mg/L
Iron 0.16 mg/L  - - 0.03 mg/L 0.05 mg/L 0.27 mg/L
Alkalinity 385 mg/L  - - 385 mg/L 385 mg/L 385 mg/L

Clear, 70 degrees



Date: 9/23/2013 Weather:
Dunkin Donuts 1 (stream) Dunkin Donuts 2 (pond) Tanning Salon Duffs Road Car Dealership

Time 12:12 12:15 12:20 12:34 12:49
Temperature 15°C 15°C 15°C 15°C 15°C
pH (field)  - -  - -  - -  - -  - - 
pH (lab) 7.52 (@2°C) 7.40 (@2°C) 7.66 (@2°C) 4.76 (@2°C) 6.4 (@8.7°C)
Flow Rate  1.46 ft^3/s
Aluminum 0.390 mg/L 0.412 mg/L 0.254 mg/L 9.72 mg/L 0.465 mg/L
Iron .96 mg/L .34 mg/L 0.19 mg/L 0.43 mg/L 0.22 mg/L
Alkalinity 385 mg/L 385 mg/L 385 mg/L 385 mg/L 385 mg/L

Cloudy, 50° C



Date: 9/27/2013 Weather:
Dunkin Donuts 1 (stream) Dunkin Donuts 2 (pond) Tanning Salon Duffs Road Car Dealership PGH Credit Cars

Time  - - 9:30 9:35 9:40  - - 10:15
Temperature  - - 15°C 15°C 15°C 15°C 15°C
pH (field)  - -  - -  - -  - -  - -  - - 
pH (lab)  - - 6.41 (@21.7°C) 6.85 (@21.6°C) 4.47 (@21.6°C) 4.82 (@21.5°C) 4.71 (@21.5°C)
Flow Rate  - -  - -  - -  - -  - -  - -
Aluminum  - - 0.257 mg/L 0.093 mg/L 4.78 mg/L 0.51 mg/L 0.855 mg/L
Iron  - - 0.13 mg/L 0.14 mg/L 0.44 mg/L 0.17 mg/L 0.19 mg/L
Alkalinity  - - 385 mg/L 385 mg/L 385 mg/L 385 mg/L 385 mg/L

70° F



Date: 9/30/2013 Weather:
Dunkin Donuts 1 (stream) Dunkin Donuts 2 (pond) Duffs Rd Before Culvert Duffs Rd After Culvert Car Dealership

Time 11:50 11:55 12:05 12:10 12:15
Temperature 17°C 17°C 16.5°C 16.5°C 17°C
pH (field)  - -  - -  - -  - -  - - 
pH (lab) 6.58 (@21.5°C) 6.39 (@21.5°C) 4.45 (@21.5°C) 4.38 (@21.5°C) 4.51 (@21.5°C)
Flow Rate  - -  - -  - -  - -  - - 
Aluminum 0.121 mg/L 0.119 mg/L 3.96 mg/L 4.24 mg/L 1.92 mg/L
Iron 0.03 mg/L 0.02 mg/L 0.12 mg/L 0.12 mg/L 0.13 mg/L
Alkalinity 385 mg/L 385 mg/L 385 mg/L 385 mg/L 385 mg/L

65° F



Date: 10/4/2013 Weather:
Dunkin Donuts 1 (stream) Dunkin Donuts 2 (pond) Duffs Rd Before Culvert Duffs Rd Tributary Car Dealership Dans Auto

Time  - - 10:00 10:20 10:20 10:20 10:30 10:45
Temperature  - - 17°C 17°C 17°C 17°C 17°C 17°C
pH (field)  - -  - -  - -  - -  - -  - -  - - 
pH (lab)  - - 6.18 (@20.5°C) 4.54 (@20.1°C) 4.49 (@20.2°C) 4.18 (@20°C) 4.76 (@19.8°C) 5.12 (@19.8°C)
Flow Rate  - -  - -  - -  - -  - -  - -  - - 
Aluminum  - - 0.304 mg/L 4.06 mg/L 5.56 mg/L 14.18 mg/L 1.575 mg/L .389 mg/L
Iron  - - 0.17 mg/L 0.27 mg/L 0.07 mg/L 0.26 mg/L 0.18 mg/L 0.06 mg/L

Overcast, 65° F



Date: 10/7/2013 Weather: **After morning heavy rain
Dunkin Donuts 1 (stream) Dunkin Donuts 2 (pond) Pipe Duffs Rd Before Culvert Car Dealership

Time 12:50 12:50 12:55 1:15 1:20
Temperature 18°C 18°C 18°C 18°C 18°C
pH (field)  - -  - -  - -  - -  - - 
pH (lab) 6.95 (@20.4°C) 6.93 (@20.4°C) 4.38 (@20.4°C) 6.32 (@20.4°C) 6.70 (@20.4°C)
Flow Rate  - -  - -  - -  - -  - - 
Aluminum 0.221 mg/L 0.255 mg/L 7.48 mg/L .441 mg/L 0.081 mg/L
Iron 0.16 mg/L 0.17 mg/L 0.22 mg/L 0.20 mg/L 0.17 mg/L

Sunny, 50° F



Date: 10/11/2013 Weather:
Money Sample #1 #2 Trib #3 Trib Duff Upstream Duff Down Stream Ground Water Sample

pH (lab) 3.31 (@18.9°C) 3.34 (@18.2°C) 3.74 (@18.0°C) 6.19 (@19.5°C) 6.21 (@18.8°C) 3.39 (@21.1°C)
Aluminum 15.68 mg/L 7.76 mg/L 7.87 mg/L .460 mg/L 0.800 mg/L 14.34 mg/L
Iron 0.50 mg/L 0.43 mg/L 0.46 mg/L 0.12 mg/L 0.02 mg/L 0.27 mg/L

N/A



Date: 10/21/2013 Weather: N/A
Money #2 Trib #3 Trib

pH (lab) 3.41 (@21.7°C) 3.47 (@21.7°C) 3.47 (@21.7°C)
Aluminum 16.24 mg/L 12.48 mg/L 14.06 mg/L



Date: 10/21/2013 Weather: N/A
Money #2 Trib #3 Trib

pH (lab) 3.41 (@21.6°C) 3.46 (@21.6°C) 3.69 (@21.7°C)
Aluminum 16.96 mg/L 14.78 mg/L 14.48 mg/L





TESTING PROCEDURES 

















DESIGN CALCULATIONS 



http://ocw.usu.edu/biological_and_irrigation_enginee
ring/Irrigation___Conveyance_Control_Systems/630
0__L16_ChannelCrossSections.pdf
Uniform Flow in a Partly Full, Circular Pipe - 
McGraw-Hill Higher ...

highered.mcgraw-
hill.com/sites/dl/free/0072402172/62805/ChXb.doc‎

ftp://ftp.odot.state.or.us/techserv/Geo-
Environmental/Hydraulics/Hydraulics%20Manual/Chapt
er_08/Chapter_08_Appendix_A/Chapter_08_Appendix_
A.pdf

pipe material Final Diameter 2.00 feet

Corrugation size 3 x 1 inches Final Radius 1.00 feet
manning's n value 0.027

channel length 321 feet
channel drop 5 feet

channel slope (%) 1.557632399 percent
channel slope (actual) 0.015576324

Flow (gpm) 100 gpm
Flow (cfs) 0.222801667 cfs

manning's k value 1.4859 (english units)
water depth in pipe 0.938*(pipe diameter) for max efficiency

wetted perimeter 2.638938*(pipe diameter) feet
area of water 0.7652*(pipe diameter) square feet

hydraulic radius 0.289965*(pipe diameter) feet

Factor of Safety 3

Required Diameter of Pipe 1.249587863 feet
Required Radius of Pipe 0.624793931 feet

This spreadsheet calculates the required size of pipe for a given flow rate based on the efficiency criteria (maximum flow).  The calculations procedure is based on 
Manning's Equation and a differential analysis of a partially full, non-pressurized pipe flow.  The user must input the values highlighted in yellow and a required pipe 
radius and diameter are output in red.  The mathematical sources for maximization of flow are shown to the right.  

Plastic drainpipe with annular corrugations

http://ocw.usu.edu/biological_and_irrigation_engineering/Irrigation___Conveyance_Control_Systems/6300__L16_ChannelCrossSections.pdf
http://ocw.usu.edu/biological_and_irrigation_engineering/Irrigation___Conveyance_Control_Systems/6300__L16_ChannelCrossSections.pdf
http://ocw.usu.edu/biological_and_irrigation_engineering/Irrigation___Conveyance_Control_Systems/6300__L16_ChannelCrossSections.pdf
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&ved=0CEoQFjAD&url=http%3A%2F%2Fhighered.mcgraw-hill.com%2Fsites%2Fdl%2Ffree%2F0072402172%2F62805%2FChXb.doc&ei=XYl9UprGOOjQyAGHioCgBA&usg=AFQjCNH61RIG07noqL_OhNsuwsBZ4WFQcQ&sig2=PzVYoanpgt9c64UJ9oaRtg&bvm=bv.56146854,d.aWc
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&ved=0CEoQFjAD&url=http%3A%2F%2Fhighered.mcgraw-hill.com%2Fsites%2Fdl%2Ffree%2F0072402172%2F62805%2FChXb.doc&ei=XYl9UprGOOjQyAGHioCgBA&usg=AFQjCNH61RIG07noqL_OhNsuwsBZ4WFQcQ&sig2=PzVYoanpgt9c64UJ9oaRtg&bvm=bv.56146854,d.aWc


 
Minor Losses in Pipe Fittings 

Description Quantity 
Minor loss 
coefficient 

(K) 

Flow 
(cfs) 

Area 
(sf) Velocity (f/s) Headloss in fittings - feet 

(K*V^2/2g) 

Tee Junction - line (6" to 
24") 2 0.1 0.4456 0.20 2.27 0.015994656 

Tee Junction - branch (24") 2 0.5 0.4456 3.14 0.14 0.000312396 
General contraction (24" to 

8") 1 0.45 0.4456 0.35 1.28 0.01138682 

Standard elbow (8") 4 0.25 0.4456 0.35 1.28 0.025304045 
Tank entrance (re-entrant) 1 1 0.4456 0.35 1.28 0.025304045 

Injection nozzle 1 29 0.4456 0.35 1.28 0.733817305 

     total minor losses =  0.812119266 
 

Major Losses in Pipe Sections 

Description length diameter 
(ft) 

friction 
factor 

(f) 

Flow 
(cfs) Area (sf) Velocity (f/s)  

Major 
headloss in 
Pipe - feet 

24" Corrugated Plastic 
Drainpipe (rigid) 400 2 0.01 0.4456 3.14 0.14 0.000624792 

6" Corrugate Plastic 
Drainpipe (flexible) 200 0.5 0.012 0.4456 0.20 2.27 0.383872223 

8" PVC Drainpipe 100 0.67 0.008 0.4456 0.35 1.28 0.030364893 

      total major losses =  0.414861908 

      
total available elevation 

head =  50.00 

      usable head at tank =  48.77 
 



Ltop =  83.5 ft
Wtop =  48.5 ft
Depth = 3 ft

Side slope = 45 °

Lbottom =  72.5 ft
Wbottom =  42.5 ft

Volume Calculation:

V = 83.5*48.5*3 - 2*1/2*3*3*83.5 - 2*1/2*3*3*42.5
V = 11,015 ft3

V = 11,000 ft3

V = 408 yd3

Hydraulic detention time:

Q = V/td

td = 11,000/0.1114
td = 98743.27 seconds
td = 27.43 hours





Page 1of 1

Duffs Run Stream Remediation
Fringe % = 0.00% Sub Insure = 0.1433% Equipment Rate / Hr Equipment Rate / Hr

Tax Rate % = 6.00% Hrs / Day (Pd) 8.00 SM Bhoe $50.00 Bobcat $25.00
LG Bhoe $75.00 Truck $100.00

Crew # Crew Name Crew Type Crew Size $/HR $/DAY Crew # Crew Name Crew Type Crew Size $/HR $/DAY
12/6/13 1 Laborer L 1 $38.00 $304.00 5 3 Op & 2 Lab 3O2L 5 $244.00 $1,952.00

2 Carpenter C 1 $50.00 $400.00 6 4 Operators 4O 4 $224.00 $1,792.00 Run Date: 12/01/13
3 Operator O 1 $56.00 $448.00 7 2 Laborers 2L 2 $76.00 $608.00 Run Time: 8:41 PM

Bid Date: December 6, 2013 4 2-Operator 2O 2 $112.00 $896.00 8 1 Op & 1 Lab 1O1L 2 $94.00 $752.00
ITEM                   LABOR               MATERIAL              EQUIPMENT CREW CREW DAILY TOTAL $/

# DESCRIPTION QTY UNIT U/P TOTAL U/P TOTAL OPP HRS TOTAL TOTAL # TYPE PRODUCTION MAN DAYS UNIT UNIT

Never insert a row above this line

REMEDIATION DESIGN
3,529.23 DEMOLITION 1 LS 2256.23 2,256.23 0.00 0 24 1,200 3,456 8 1O1L 0.3 6.00 $3,529.23 LS

PIPING
10,198.40 CORRUGATED PLASTIC PIPE 24" 320 LF 4.70 1,504.00 25.00 8,000 8 200 9,704 8 1O1L 160.0 4.00 $31.87 LF
8,078.00 PERFORATED PLASTIC PIPE 24" 200 LF 7.52 1,504.00 30.00 6,000 8 200 7,704 8 1O1L 100.0 4.00 $40.39 LF
3,338.00 PVC DRAINPIPE 8" 200 LF 6.08 1,216.00 10.00 2,000 0 0 3,216 7 2L 100.0 4.00 $16.69 LF
1,457.00 PVC DRAINPIPE 6" 100 LF 6.08 608.00 8.00 800 0 0 1,408 7 2L 100.0 2.00 $14.57 LF
2,305.20 ALL CONNCECTORS AND JUNCTIONS 40 EA 15.20 608.00 40.00 1,600 0 0 2,208 1 L 20.0 2.00 $57.63 EA

266.00 ADHESIVE 1 LS 0.00 0.00 250.00 250 0 0 250 1 L ######### 0.00 $266.00 LS
2,353.20 EXCAVATION FOR PIPES 40 CY 37.60 1,504.00 0.00 0 16 800 2,304 8 1O1L 20.0 4.00 $58.83 CY
2,862.00 GRAVEL AND FILL 40 CY 37.60 1,504.00 22.00 880 8 400 2,784 8 1O1L 20.0 4.00 $71.55 CY

TREATMENT AREA
873.00 EXCAVATION FOR TANK 15 CY 29.87 448.00 0.00 0 8 400 848 3 O 15.0 1.00 $58.20 CY

4,357.00 TANK INSTALLATION 1 LS 752.00 752.00 3,000.00 3,000 8 400 4,152 8 1O1L 1.0 2.00 $4,357.00 LS
6,507.00 EXCAVATION FOR POND 450 CY 5.97 2,688.00 0.00 0 48 3,600 6,288 4 2O 150.0 6.00 $14.46 CY
7,776.00 TRUCK COSTS 450 CY 5.97 2,688.00 0.00 0 48 4,800 7,488 4 2O 150.0 6.00 $17.28 CY
8,487.00 HDPE POND LINER 4,100 SF 0.38 1,541.60 1.50 6,150 16 400 8,092 8 1O1L 2,000.0 4.10 $2.07 SF
1,043.55 GRAVEL AND FILL 15 CY 17.92 268.80 22.00 330 8 400 999 3 O 25.0 0.60 $69.57 CY

731.00 WEIRS 1 EA 200.00 200.00 500.00 500 0 0 700 2 C 2.0 0.50 $731.00 EA
5,083.00 LANDSCAPE / FENCE 1 LS 2432.00 2,432.00 2,500.00 2,500 0 0 4,932 7 2L 0.3 8.00 $5,083.00 LS

GENERAL CONDTIONS
2,651.00 DUMPSTER 5 WK 0.00 0.00 500.00 2,500 0.00 0 2,500 1 L ######### 0.00 $530.20 WK
1,326.00 FUEL COSTS 25 MD 0.00 0.00 0.00 0 25.00 1,250 1,250 1 L ######### 0.00 $53.04 MD

Never insert a row below this line
SUBTOTALS 21,723 34,510 14,050 70,283 0  Total Man Days = 58.20

BURDEN, TAXES & INSURANCE 0.00% 0 6.00% 2,071 6.00% 843 2,914 Check #  Total Man Hrs = 465.60

ESCALATION 0.00% 0.00% 0 0.00% 0 0.00% 0 0
CONTINGENCY 5.00% 5.00% 1,086 5.00% 1,829 5.00% 745 3,660 Check #

TOTALS 22,809 38,410 15,638 76,856 0

SUMMARY UNIT PRICE 1 LS 76,856.46$   
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