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Appendix A – Watershed Modeling 

Technical Data 

 
This appendix supplements the hydrologic modeling 

general overview presented in Section 6 – Technical 

Analysis. 

DATA COLLECTION 

The GIS data for the hydrologic models was compiled from 

a variety of sources by county, state, and federal 

agencies.  The data was collected in and processed using 

GIS software.  A description of GIS data collected, the 

source, and its use are provided in Table A.1. 

Data Source Use 

10-m Digital Elevation 

Model (DEMs) 
USGS (2008a) 

Watershed delineation, length, basin slope, stream 

slope, average elevation 

High Resolution 

Streamlines 
USGS (2008b) 

Watershed delineation, cartography, spatial 

orientation 

National Land Cover 

Dataset – Land Use 2001 
USGS (2008c) 

Curve number generation for watershed subareas 

outside of County 

2010 County Land Use  
Washington County 

Planning 

Existing conditions curve number generation for 

watershed subareas within County 

2020 County Land Use 

(hand drawn by County 

and digitized by HRG) 

Washington County 

Planning 

Future conditions curve number generation for 

watershed subareas within County 

SURRGO Soils Data NRCS (2008) 
Curve number generation; analysis of infiltration 

limitations 

Carbonate Bedrock ERRI (1996) 

Calculation of percentage of limestone geology 

within subwatersheds; analysis of infiltration 

limitations 

Storage (percent of 

lakes, ponds, and 

wetlands) 

USGS (2008d) 
Calculation of parameters for USGS Regression 

Equations 

Roadway Data 
Washington County 

Planning 
Cartography, spatial orientation 

Table A.1.  GIS Data Used in Act 167 Technical Analysis 

HYDROLOGIC MODEL PARAMETER DATA 

SOILS, LAND USE, AND CURVE NUMBERS 

The determination of CNs is a function of soil type and land use.  The hydrologic soil groups were 

defined by NRCS (2008).  The 2001 NLCD and County GIS files were simplified to provide an 

estimate of CNs using the scheme shown in Table A.2. 
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GIS 

Code 

County or NLCD (2001) 

Land Use 

NRCS (1986) Classification A B C D 

11 Open Water Water 98 98 98 98 

21 Developed, Open Space Open space 39 61 74 80 

22 Developed, Low Intensity Residential - 1 acre 51 68 79 84 

23 Developed, Medium 

Intensity 

Residential - 1/2 acre 54 70 80 85 

24 Developed, High Intensity Commercial and Business 89 92 94 95 

31 Barren Land 

(Rock/Sand/Clay) 

Newly graded areas 77 86 91 94 

41 Deciduous Forest Woods 30 55 70 77 

42 Evergreen Forest Woods 30 55 70 77 

43 Mixed Forest Woods 30 55 70 77 

52 Shrub/Scrub Brush 30 48 65 73 

71 Grassland/Herbaceous Meadow 30 58 71 78 

81 Pasture/Hay Pasture 39 61 74 80 

82 Cultivated Crops Contoured Row Crops 65 75 82 86 

90 Woody Wetlands Woods 30 55 70 77 

95 Emergent Herbaceous 

Wetlands 

Water 98 98 98 98 

111 Residential-High Density  Residential - 1/8 acre or less 77 85 90 92 

112 Residential-Med Density  Residential - 1/2 acre 54 70 80 85 

113 Residential-Med Low Density  Residential - 1/2 acre 54 70 80 85 

114 Residential-Low Density Rural Residential - 1 acre 51 68 79 84 

115 Residential-Large  Yard Residential - 1 acre 51 68 79 84 

121 Commercial-CBD Commercial and Business 89 92 94 95 

122 Commercial-Strip  Commercial and Business 89 92 94 95 

123 Commercial-Commercial 

and Services 

Commercial and Business 89 92 94 95 

131 Industrial-Manufacturing Industrial 81 88 91 93 

132 Industrial-Chemical Industrial 81 88 91 93 

133 Industrial-Industrial Industrial 81 88 91 93 

141 Transportation-Major 

Highways 

Industrial 81 88 91 93 

142 Transportation-Railroads Industrial 81 88 91 93 

143 Transportation-Airports Industrial 81 88 91 93 

144 Transportation-Docking Ports Industrial 81 88 91 93 

145 Transportation-Dams Industrial 81 88 91 93 

146 Transportation-Substation Industrial 81 88 91 93 

147 Transportation-Powerline 

Pipeline right of Ways 

Industrial 81 88 91 93 

148 Transportation-Water 

Sewage Treatment 

Industrial 81 88 91 93 

149 Transportation-Water 

Communication Tower 

Industrial 81 88 91 93 

151 

Industrial and Commercial 

Complexes-Industrial 

Complex 

Industrial 81 88 91 93 

Table A.2.  Curve Numbers for Washington County for each Hydrologic Soil Group 
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GIS 

Code 

County or NLCD (2001) 

Land Use 

NRCS (1986) Classification A B C D 

152 Industrial and Commercial 

Complexes-Mall 

Industrial 81 88 91 93 

153 Industrial and Commercial 

Complexes-Business 

Complex 

Industrial 81 88 91 93 

161 Mixed Urban or Built-Up-

Mixed Urban 

Mixed Urban (assumed 65% 

impervious) 

77 85 90 92 

171 Other Urban Built-Up-Open 

Spaces 

Open space 39 61 74 80 

172 Other Urban Built-Up-Parks 

Recreation 

Open space 39 61 74 80 

173 Other Urban Built-Up-Golf 

Courses 

Open space 39 61 74 80 

174 Other Urban Built-Up-Ski 

Areas 

Open space 39 61 74 80 

175 Other Urban Built-Up-

Institutional 

Institutional (assumed 50% 

impervious) 

69 80 86 89 

176 Other Urban Built-Up-Historic 

Sites Regions 

Open space 39 61 74 80 

177 Other Urban Built-Up-

Cemeteries 

Open space 39 61 74 80 

178 Other Urban Built-Up-

Vegetated Buffer 

Open space 39 61 74 80 

179 Other Urban Built-Up-Non 

Vegetated Buffer 

Open space 39 61 74 80 

211 Crop Pasture Orchards 

Groves-Row Crops 

Contoured Row Crops 65 75 82 86 

212 Crop Pasture Orchards 

Groves-Fallow Fields 

Pasture 39 61 74 80 

213 Crop Pasture Orchards 

Groves-Orchards Groves 

Contoured Row Crops 65 75 82 86 

214 Crop Pasture Orchards 

Groves-Pasture 

Pasture 39 61 74 80 

215 Crop Pasture Orchards 

Groves-Vineyards 

Contoured Row Crops 65 75 82 86 

216 Crop Pasture Orchards 

Groves-Nurseries 

Contoured Row Crops 65 75 82 86 

217 Crop Pasture Orchards 

Groves-Farmstead 

Pasture 39 61 74 80 

311 Mixed Rangeland-Sparse 

Tree Crown 

Meadow 30 58 71 78 

312 Mixed Rangeland-Shrub 

Brush 

Meadow 30 58 71 78 

313 Mixed Rangeland-Mixed 

Rangeland 

Meadow 30 58 71 78 

431 Mixed Forest-Deciduous Woods 30 55 70 77 

432 Mixed Forest-Coniferous 

Evergreen 

Woods 30 55 70 77 

433 Mixed Forest-Mixed Forest Woods 30 55 70 77 

511 Rivers Streams  Canals-Rivers Water 98 98 98 98 

Table A.2 (continued).  Curve Numbers for Washington County for each Hydrologic Soil Group 
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GIS 

Code 

County or NLCD (2001) 

Land Use 

NRCS (1986) Classification A B C D 

512 Rivers Streams  Canals-

Streams 

Water 98 98 98 98 

513 Rivers Streams  Canals-

Canals 

Water 98 98 98 98 

531 Reservoirs Ponds-Reservoirs Water 98 98 98 98 

532 Reservoirs Ponds-Ponds Water 98 98 98 98 

533 Reservoirs Ponds-Lake Water 98 98 98 98 

751 Extraction-Strip Mines Newly graded areas 77 86 91 94 

752 Extraction-Slag Piles Newly graded areas 77 86 91 94 

753 Extraction-Quarries Newly graded areas 77 86 91 94 

754 Extraction-Gravel Pitts Newly graded areas 77 86 91 94 

761 Transitional-Construction Newly graded areas 77 86 91 94 

762 Transitional-Transitional  

Cleared 

Newly graded areas 77 86 91 94 

771 Mixed Barren-Mixed Barren Newly graded areas 77 86 91 94 

Table A.2 (continued).  Curve Numbers for Washington County for each Hydrologic Soil Group 

 

The CNs presented in the above tables represent “average” antecedent runoff condition (i.e. 

ARC = 2).  In a significant hydrologic event, runoff is often influenced by external factors such as 

extremely dry antecedent runoff conditions (ARC=1) or wet antecedent runoff conditions 

(ARC=3).  The antecedent runoff conditions of the above CNs were altered during the 

calibration process so that model results are within a reasonable range of other hydrologic 

estimates.   

INFILTRATION AND HYDROLOGIC LOSS ESTIMATES  

Infiltration and all other hydrologic loss estimates (e.g., evapotranspiration, percolation, 

depression storage, etc.) taken into account within the HEC-HMS model was consistent with the 

recharge volume criteria contained in CG-1 and CG-2.  These losses were modeled in existing 

conditions as the standard initial abstraction in the NRCS Curve Number Runoff method (i.e., Ia = 

0.2S).  CG-1 was simulated by modifying the standard initial abstraction using the following 

procedure. 

The runoff volume is computed by HEC-HMS using the following equation: 

 

SIP

IP
Q

a

a
volume

)(

)( 2

  

 

Where P = Rainfall for a specific storm event (in), 

Ia = Initial Abstraction (in), and 

S = Maximum Retention (in). 

 

S is defined by the following equation which relates runoff volume to curve number: 

10
1000

CN
S  
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The standard initial abstraction Ia used in PA is typically 0.2S.  HEC-HMS calculates this 

automatically if no value is entered by the user.  This was the approach used for the existing and 

future conditions modeling scenarios.  

In future conditions with implementation of CG-1, the following equation is applicable.  The goal 

of CG-1 is to ensure there is no discharge volume increase for the 2-year, 24-hour storm event, so 

 

oposeda

a
Exist ingCG

SIP

IP
QQ

Pr

2

1
)(

)(
 

 

Where P = rainfall for a specific storm event(in), 

Ia = initial abstraction (in), and 

SProposed = maximum retention in proposed conditions as a function 

of the proposed conditions CN (in). 

 

Assuming Ia = 0.2S as the Ia value is no longer applicable with CG-1 since BMPs are to be installed 

to control or remove the increase in runoff volume for the 2-year, -24hour storm event.  Using the 

HEC-HMS modeling output for QExisting , the Ia  for CG-1 may be calculated using the following 

equation: 

)4(
2

1
Pr

2
2 oposedExist ingExist ingExist ingyeara SQQQPI  for the 2-year event 

 

Thus, the volume control required by CG-1 is implicitly modeled by overriding the HEC-HMS 

default for initial abstraction with the above value.  The qualitative effect of this will be to 

eliminate the increase in runoff volume for the 2-year, 24-hour storm event and to reduce the 

increase in runoff volume of the more extreme events.  Increases in the peak flow values are 

reduced for all storms, but not eliminated, since the Tc for proposed condition are decreased.  

Figure C.1 shows the effects of implementing a CG-1 policy on an example watershed.  In the 

first figure representing a 2-year, 24-hour storm event, the hydrograph volumes are exactly the 

same and the peaks are similar. In the second figure representing a 100-year, 24-hour storm 

event, the hydrograph volumes are not the same since only the 2-year, 24-hour storm event 

volume is abstracted; consequently there is still a substantial increase in peak flows, although the 

CG-1 implementation does reduce the peak flow.  



Appendix A – Watershed Modeling Technical Data 

 

 

 Washington County Act 167 Stormwater Management Plan, Phase II A-6 

 

  

 

 

 

 

 

 

 

Figure A.1.  Typical On-Site Runoff Control Strategy 

 

In the case of this particular sample, release rates might be necessary to prevent increases in 

peak flow.  In situations where there is only a small increase in impervious coverage, however, 

CG-1 may reduce the proposed conditions peak flow to existing conditions levels without the use 

of release rates.  

For the 2-year, 24-hour storm event, modeling CG-1 with the above equations results in an 

increased approximation in initial abstraction represented by D: 

SID CG

a 2.01
 

For the every event of greater magnitude (e.g., 10, 25, 50, and 100-year, 24-hour storm events), 

the Ia is calculated using the sum of the traditional method and the increase in Ia for the 2-year 

event. 

DSI a 2.0  for all events greater than the 2-year, 24-hour storm event. 

MODEL CALIBRATION 

Three (3) parameters were modified to develop a calibrated hydrologic model:  CN, Tc, and the 

Manning’s coefficient used in the Muskingum-Cunge routing method. 

The antecedent runoff condition was altered for each storm event so that each subbasin and 

calibration point was within an acceptable range of a target flow.  The equation used to modify 

antecedent runoff condition (Maryland Hydrology Panel, 2006): 

For ARC≤2: 
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Thus, a unique ARC and resulting CN was calculated for each subbasin for each storm event.  

The same ARC was applied in both existing and proposed conditions.  The calibrated and future 

condition CNs for the two (2) watersheds are presented in the Tables at the end of this Appendix. 

Additionally, lag times were calculated using both TR-55 and the NRCS lag equation.  The initial 

model runs used the results from the NRCS lag equation.  A factor between zero (0) and two (2) 

was applied to the initial value to obtain a calibrated Tc value.  The same Tc was applied to all 

existing condition storms.  The future land use Tc was calculated using the NRCS lag equation with 

future land CNs.  It was subsequently adjusted by the same factor used in existing conditions. 

Finally, the Manning’s n value for channels and overbank areas was modified to obtain realistic 

flow values.  The respective ranges for the channel and overbank areas were 0.02-0.07 and 0.03-

0.2. 

MODELING RESULTS 

A summary of the hydrologic modeling results has been provided in Section 5 of this Plan.  The full 

modeling results are as presented in the tables at the end of this appendix. 

STORMWATER MANAGEMENT DISTRICTS 

The regional philosophy used in Act 167 planning introduces a different stormwater 

management approach than is found in the traditional on-site approach.  The difference 

between the on-site stormwater control philosophy and the Act 167 watershed-level philosophy 

is the consideration of downstream impacts throughout an individual watershed.  The objective 

of typical on-site design is to control post-development peak flow rates from the site itself; 

however, a watershed-level design is focused on maintaining existing peak flow rates in the 

entire drainage basin.  The watershed approach requires knowledge of how the site relates to 

the entire watershed in terms of the timing of peak flows, contribution to peak flows at various 

downstream locations, and the impact of the additional runoff volume generated by the 

development of the site.  The proposed watershed-level stormwater runoff control philosophy is 

based on the assumption that runoff volumes will increase with development and the philosophy 

seeks to manage the increase in volumes such that peak rates of flow throughout the watershed 

are not increased.  The controls implemented in this Plan are aimed at minimizing the increase in 

runoff volumes and their impacts, especially for the 2-year, 24-hour storm event.   

The basic goal of both on-site and watershed-level philosophies is the same, i.e. no increase in 

the peak rate of stream flow, however, the end products can be very different, as illustrated in 

the following simplified example. 

Presented in Figure A.2 is a typical on-site runoff control strategy for dealing with the increase in 

the peak rate of runoff with development.  The Existing Condition curve represents the pre-

development runoff hydrograph.  The Developed Condition curve illustrates three (3) important 

changes in the site runoff response with development: 

A higher peak rate;  

A faster occurring peak (shorter time for the peak rate to occur); and  

An increase in total runoff volume.  
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The "Controlled” Developed Condition hydrograph is based on limiting the post-development 

runoff peak rate to the pre-development level through use of detention facilities; but the volume 

is still increased.  The impact of lowering the post-development peak rate to the pre-

development peak rate without reducing the volume causes the peak rate to extend over a 

longer period of time.  The instantaneous pre-development peak has become an extended 

peak (approximately two (2) hours long in this example) under the “Controlled” Developed 

Condition. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A.2.  Typical On-Site Runoff Control Strategy 

 

The maintenance of the existing condition peak rate flow of runoff is an effective management 

approach, however, Figures A.3 and A.4 illustrate the potential detrimental impact of this 

approach.  Figure A.3 represents the existing hydrograph at the point of confluence of 

Watershed A and Watershed B.  Watershed A peaks more quickly (at time TpA) than the Total 

Hydrograph, while Watershed B peaks later (at time TpB), than the Total Hydrograph, resulting in a 

combined time to peak approximately in the middle (at time Tp).  Watershed A is an area of 

significant development pressure and all new development proposals are met with the on-site 

runoff control philosophy as depicted in Figure A.2.  Eventually, the end product of the 

Watershed A development under the "Controlled" Development Condition is an extended peak 

rate of runoff as shown in Figure A.4.  The extended Watershed A peak rate flow occurs long 

enough that it coincides with the peak of Watershed B.  Since the Total Hydrograph at the 

confluence is the summation of Watershed A and Watershed B, the Total Hydrograph peak is 

increased under these conditions to the "Controlled" Total Hydrograph.  The conclusion from the 

example is that simply controlling peak rates of runoff on-site does not guarantee an effective 

watershed level of control because of the increase in total runoff volume.  The net result is that 

downstream peaks can increase and extend for longer durations. 

 “Controlled” Developed 

Condition 

Developed Condition 

Existing Condition 



Appendix A – Watershed Modeling Technical Data 

 

 

 Washington County Act 167 Stormwater Management Plan, Phase II A-9 

 
Figure A.3.  Existing Hydrograph (Pre-Development) 

 

 

 

 

 

 

 
Figure A.4.  Controlled Runoff Condition (Post-Development) 

 

RELEASE RATE CONCEPT 

The previous example indicated that, in certain circumstances, it is not enough to control post-

development runoff peaks to pre-development levels if the overall goal is no increase in peak 

Total hydrograph at 
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Watershed B 
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runoff at any point in the watershed.  The reasons for this potential increase are how the various 

parts of the watershed interact over a period of time and how the increased rate and volume of 

runoff associated with development are proportional to increases in impervious surfaces.  The 

critical runoff criteria for a given site or watershed area is not necessarily its own pre-

development peak rate of runoff but rather the pre-development contribution of the site or 

watershed area to the peak flow at a given point of interest.   

To account for increases of volume and peak flow resulting from the combination of these post-

development hydrographs, stormwater management districts have been assigned to various 

areas within the county boundary that have more restrictive release rates than the conventional 

100% release rate.  As shown in Plate 10, some areas within specific watersheds have reduced 

release rates where CG-1 may be difficult to completely implement. 

The specification of a 100% release rate as a performance standard would represent the 

conventional approach to runoff control philosophy, namely controlling the post-development 

peak runoff to pre-development levels.  This is a well-established and technically feasible control 

that is effective at-site and, where appropriate, would be an effective watershed-level control.  

It is important to acknowledge that there are several problems with the release rate concept.  

One (1) of the problems is that some areas can reach unreasonably low release rates.  This can 

be seen in the release rate equation, which dictates that sub-watersheds that peak farther away 

from the entire watershed will have a lower release rate.  Indeed, sub-watersheds whose runoff 

drains almost completely before or after the watershed peak will approach a release rate of 

zero (0) (because the numerator approaches 0).  

Another problem is that release rates are highly dependent on, and sensitive to, the timing of 

hydrographs.  Since natural storms follow a different timing than design storms, it is still possible 

that watershed-wide controls designed with release rates only will encounter increased runoff 

problems.  This is because the runoff rates are still much higher in the developed condition and 

increased volume over an extended time can combine to increase peak flow rates.  Similar to 

the traditional on-site detention pond, release rates are purely a peak “rate” type of control. 

Development patterns that only use release rates for stormwater control and do not consider 

volume control may also determine design effectiveness.  This is because rates based on timing 

assume a certain development and rainfall patterns while the model uses uniform parameters 

across a sub-watershed.  In reality, the actual development and rainfall patterns can be highly 

variable across a sub-watershed and can be quite different than the “Future Full Build Out” land 

use scenario used in the planning study.  This uncertainty can affect any type of control, but 

controls based on timing alone are especially sensitive to these parameters.  Some controls, such 

as volume controls, are less sensitive since they remove a certain amount of runoff from the storm 

event wherever development occurs.  In a sense, volume controls tend to more closely simulate 

what occurs in a natural system. 

Combining volume controls with peak rate controls, as proposed in this Plan, will be more 

effective than having only peak rate controls.  Volume controls have several advantages, such 

as: 

Increased runoff volume may infiltrate and provide recharge to existing groundwater supplies.  

This may not happen with rate controls since all of the runoff excess is discharged in a relatively 

short time frame. 

Volume controls tend to mimic natural systems (i.e., excess runoff volume is infiltrated) and are 

therefore more effective in controlling natural storms since they are not highly sensitive to timing 
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issues.  

Volume controls often have enhanced water quality benefits. 

The Design Storm Method and The Simplified Method as implemented in this Plan, provide the 

benefits described above. 
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SUMMARY MODEL OUTPUT 

Hydrologic Parameters for Chartiers Creek HEC-HMS Model 

Hydrologic Results for Chartiers Creek HEC-HMS Model 

Calibration Results for Detailed HEC-HMS Models with 2010 Land Use 



Hydrologic Parameters for Chartiers Creek HEC-HMS Model

CN Lag (min) CN Lag (min)
W092 1.12 74.6 38.3 78.9 42.1
W094 0.98 74.5 42.2 78.1 42.2
W096 1.32 75.4 45.3 77.3 47.6
W098 0.71 77.0 29.8 78.0 36.2
W100 1.98 75.8 44.7 79.7 49.7
W190 1.85 75.6 44.4 75.6 44.4
W192 0.88 74.3 33.1 74.3 33.1
W194 2.72 73.7 67.7 73.7 67.7
W196 1.47 75.8 46.1 75.8 46.1
W198 1.66 76.9 46.5 76.9 46.5
W200 1.15 73.3 37.5 73.3 37.5
W202 0.64 76.8 32.0 76.8 32.0
W020 1.08 71.5 30.3 71.5 37.9
W022 1.30 73.0 34.7 73.0 43.3
W024 1.04 80.4 31.1 80.4 38.8
W026 0.80 82.7 28.3 82.7 28.3
W028 0.47 79.8 30.5 79.8 38.1
W002 0.86 71.5 38.2 71.5 47.7
W004 1.10 69.1 46.7 70.7 55.9
W006 2.14 68.6 40.0 69.0 49.5
W008 0.01 72.3 4.6 72.3 4.6
W010 0.04 78.4 11.6 78.4 14.5
W012 1.43 67.9 48.9 68.7 59.9
W014 1.75 73.2 46.4 73.2 51.5
W016 1.37 71.8 35.8 71.8 44.8
W018 0.70 73.4 38.2 73.4 42.4
W030 1.94 72.1 43.5 72.1 54.4
W032 2.38 72.1 55.7 72.1 69.6
W040 2.11 72.9 45.1 72.9 56.4
W042 0.51 75.6 25.0 76.6 30.3
W044 1.84 78.1 48.2 78.6 59.3
W046 1.31 73.5 42.3 77.5 47.1
W048 1.58 77.8 33.6 84.6 27.0
W050 1.16 71.0 44.5 78.8 44.4
W052 2.30 74.7 57.6 74.7 72.1
W054 2.84 72.6 47.3 82.5 44.0
W090 0.90 77.8 33.5 83.6 34.7
W102 2.27 75.6 40.0 84.4 38.0
W104 0.21 86.1 12.1 87.0 14.6
W188 2.93 72.0 75.4 79.3 61.1
W204 1.55 72.6 50.6 72.6 50.6
W256 0.92 71.6 46.1 71.6 46.1
W276 1.42 71.9 51.6 71.9 51.6
W342 1.07 70.4 49.2 70.4 49.2

Chartiers Creek

Brush Run near Canonsburg

Brush Run near Thompsonville

Catfish Creek

Drainage Area 
(mi2)Subbasin

Future Conditions 
(2020)

Subwatershed Name

Existing Conditions 
(2010)
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Hydrologic Parameters for Chartiers Creek HEC-HMS Model

CN Lag (min) CN Lag (min)
Drainage Area 

(mi2)Subbasin

Future Conditions 
(2020)

Subwatershed Name

Existing Conditions 
(2010)

W344 1.90 71.0 55.6 71.0 55.6
W346 2.76 73.5 71.4 73.5 71.4
W348 0.91 70.9 41.6 70.9 41.6
W350 1.57 72.3 47.1 72.3 47.1
W352 1.28 71.5 59.5 71.5 59.5
W354 1.09 73.9 36.8 73.9 36.8
W356 0.94 74.0 53.5 74.0 53.5
W358 2.89 71.1 43.9 73.5 51.4
W360 1.15 70.7 33.2 70.7 36.9
W362 0.58 70.8 35.6 70.8 44.5
W364 0.84 72.5 32.4 72.5 40.5
W366 0.20 69.2 20.4 73.0 23.0
W368 0.47 70.6 29.5 83.8 24.8
W370 2.51 76.3 53.0 76.8 58.0
W372 0.68 79.0 26.5 79.0 33.1
W374 0.76 79.5 38.7 79.5 48.4
W376 0.39 78.1 22.9 78.1 28.6
W378 0.91 77.2 34.1 77.2 42.6
W380 0.13 76.7 14.6 76.7 18.3
W382 0.46 75.8 29.4 81.9 30.6
W384 0.90 79.0 39.4 79.5 48.6
W386 0.26 75.1 24.5 77.1 28.9
W388 0.01 86.9 7.1 86.9 7.1
W390 2.19 76.0 50.4 80.1 55.7
W392 0.04 80.9 10.5 80.9 10.5
W394 0.69 76.2 22.8 76.2 28.5
W396 1.81 79.1 34.2 80.1 41.5
W398 1.40 83.1 40.1 84.3 42.8
W400 1.28 73.8 51.2 86.2 34.6
W402 0.80 72.4 41.4 82.0 31.1
W404 1.69 75.0 53.1 75.2 52.7
W406 0.70 75.6 31.6 75.6 31.6
W408 2.93 72.7 80.2 72.7 80.2
W410 1.71 74.6 41.7 74.6 41.7
W412 0.62 77.5 36.3 77.5 36.3
W414 0.13 72.3 17.1 72.3 17.1
W416 1.07 76.2 42.9 76.2 42.9
W418 0.05 74.4 18.3 74.4 18.3
W420 0.49 75.8 24.3 75.8 24.3
W422 0.16 76.9 22.4 76.9 22.4
W424 0.31 75.8 22.9 75.8 22.9
W426 0.06 84.0 13.6 84.0 13.6
W428 0.02 85.0 4.2 85.0 4.2
W430 0.52 77.5 36.7 77.5 36.7

Chartiers Creek
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Hydrologic Parameters for Chartiers Creek HEC-HMS Model

CN Lag (min) CN Lag (min)
Drainage Area 

(mi2)Subbasin

Future Conditions 
(2020)

Subwatershed Name

Existing Conditions 
(2010)

W432 1.22 75.8 44.2 75.8 44.2
W434 0.45 74.6 34.5 74.6 34.5
W436 1.43 72.8 45.2 72.8 45.2
W438 0.85 75.7 43.6 75.7 43.6
W440 1.91 71.8 55.7 71.8 55.7
W442 1.87 73.8 48.5 73.8 48.5
W444 0.33 80.9 29.0 80.9 29.0
W056 1.45 70.7 35.5 70.7 44.3
W058 1.16 72.2 29.6 72.2 37.0
W072 1.38 70.8 44.3 70.8 55.4
W078 3.14 71.3 50.7 72.1 61.9
W080 1.58 72.1 50.5 73.3 54.2
W082 0.79 68.5 32.6 68.5 40.7
W084 1.74 71.7 47.9 71.7 53.2
W086 1.44 73.2 43.3 73.2 54.1
W088 0.04 82.3 11.4 82.3 14.2
W206 2.01 68.4 63.6 68.5 63.4
W208 1.64 71.6 64.0 71.6 64.0

Dolphin Run W226 2.09 69.3 51.1 69.3 63.9
Fishing Run W224 2.12 67.2 55.7 67.2 69.6

W034 3.12 71.8 57.4 71.8 71.7
W036 3.13 72.6 66.1 72.6 82.7
W038 1.39 76.0 35.1 76.0 43.9

Graesers Run W266 2.02 73.0 56.8 73.0 56.8
W288 1.23 72.7 41.5 72.7 51.8
W290 2.30 72.2 54.8 72.2 68.5
W292 1.01 69.7 46.0 69.7 51.1
W294 1.40 73.2 44.8 73.2 56.0
W296 1.00 74.9 45.4 74.9 45.4
W298 1.24 72.3 49.7 72.3 49.7
W300 1.86 73.2 51.6 73.2 64.5
W302 0.37 70.2 22.5 70.2 28.2
W304 0.69 72.4 27.4 72.4 34.2
W306 0.63 68.5 43.1 68.5 43.1
W308 0.35 72.7 26.0 72.7 32.5
W310 0.43 68.3 26.4 68.3 33.0
W312 0.45 70.3 28.8 70.3 36.0
W108 1.91 68.6 45.3 74.8 47.8
W110 1.23 71.7 32.6 71.7 40.7
W112 1.58 69.2 41.4 73.1 46.4
W114 1.19 70.8 41.5 70.8 51.8
W116 1.46 69.0 43.6 69.7 53.5
W118 0.78 63.3 32.0 68.7 34.7
W120 1.76 73.1 44.2 78.4 47.3

Chartiers Run

Coal Run

Georges Run

Chartiers Creek

Half Crown Run

Little Chartiers Creek
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Hydrologic Parameters for Chartiers Creek HEC-HMS Model

CN Lag (min) CN Lag (min)
Drainage Area 

(mi2)Subbasin

Future Conditions 
(2020)

Subwatershed Name

Existing Conditions 
(2010)

W122 0.83 70.0 32.7 77.2 33.3
W124 1.16 70.8 48.8 76.8 45.7
W126 0.45 68.9 35.9 68.9 44.9
W128 1.57 69.4 62.1 69.4 62.1
W130 0.16 64.7 17.3 64.7 21.6
W132 1.20 71.0 33.6 71.0 41.9
W134 1.33 70.1 44.4 70.1 55.5
W136 1.93 73.7 43.6 73.8 54.4
W138 1.72 69.5 47.5 69.7 58.9
W140 0.31 70.7 24.0 75.3 26.4
W142 1.85 72.0 57.7 72.0 72.1
W144 1.89 71.6 54.7 71.7 68.4
W146 1.29 72.3 36.8 75.8 41.7
W148 1.54 74.0 38.0 76.6 39.2
W150 1.39 74.2 42.9 79.3 46.1
W152 0.09 74.2 16.5 75.1 20.1
W154 1.77 75.3 39.7 81.6 40.9
W156 2.84 69.8 59.8 72.3 69.7
W158 1.65 68.7 36.2 69.0 44.9
W160 0.12 76.4 12.4 76.4 15.5
W162 1.68 68.5 43.3 68.6 53.9
W164 0.15 81.7 18.7 81.7 23.4
W166 1.23 71.5 41.6 71.5 51.9
W168 1.67 69.7 58.9 70.1 72.7
W170 0.22 74.1 23.6 82.9 22.5
W172 0.97 71.3 40.4 78.6 40.8
W174 0.82 74.1 34.4 74.1 43.0
W176 1.23 74.5 45.4 75.1 55.8
W178 0.00 76.6 3.9 89.8 2.5
W180 0.90 80.9 28.3 82.4 33.7
W182 0.12 75.3 17.3 75.5 21.5
W184 1.36 76.9 43.5 76.9 43.5
W186 0.01 78.4 8.1 78.4 8.1
W264 1.55 73.6 41.2 73.6 41.2
W268 1.92 74.4 53.0 74.4 53.0
W270 2.29 75.4 74.9 75.4 74.9
W210 1.03 70.8 44.6 70.8 55.8
W212 1.60 70.8 45.1 70.8 50.1
W214 2.16 72.5 47.5 75.1 55.2
W216 1.50 73.0 37.7 79.2 39.4
W218 1.74 68.9 42.7 69.2 53.0
W220 1.18 69.3 48.8 69.3 54.3
W222 0.77 68.0 39.3 70.7 45.7
W228 1.33 69.1 48.3 69.1 60.4

McLaughlin Run

Little Chartiers Creek

Millers Run
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Hydrologic Parameters for Chartiers Creek HEC-HMS Model

CN Lag (min) CN Lag (min)
Drainage Area 

(mi2)Subbasin

Future Conditions 
(2020)

Subwatershed Name

Existing Conditions 
(2010)

W230 1.22 72.2 31.8 72.2 39.7
W232 1.76 69.8 41.0 69.8 51.2
W234 0.96 74.9 39.0 74.9 43.4
W236 0.11 69.3 13.4 78.4 12.9
W238 1.35 74.9 42.5 76.8 40.2
W240 0.64 73.7 23.3 79.9 24.3
W242 1.68 72.3 44.2 75.3 50.8
W244 2.21 68.8 43.5 68.9 54.1
W246 0.03 75.4 6.3 75.4 7.9
W248 2.03 69.7 61.2 69.7 61.2
W250 0.69 70.0 33.5 70.0 41.8

Opossum Run W106 1.25 70.9 46.7 70.9 58.4
W258 1.28 71.2 53.8 71.2 53.8
W260 1.49 69.6 47.9 69.6 47.9
W262 1.64 71.7 57.5 71.7 57.5
W272 0.72 74.6 33.0 74.6 33.0

Pink Run W286 0.82 69.1 45.0 69.1 50.0
Pinkertons Run W314 2.61 71.9 48.0 71.9 60.0

W074 2.43 74.1 45.5 74.1 56.9
W076 1.66 74.1 41.6 74.1 52.0

Robb Run W282 1.10 74.5 37.5 74.5 46.9
W278 1.52 74.9 48.8 74.9 48.8
W280 1.61 72.8 47.0 72.8 58.8
W284 1.78 69.6 43.7 69.6 54.6
W316 0.93 71.2 31.3 71.2 39.2
W320 1.24 72.7 39.1 72.7 48.8
W322 2.86 70.6 52.7 70.6 52.7
W324 0.58 70.0 29.7 70.0 37.2
W326 0.74 74.4 26.8 74.4 26.8
W328 1.74 70.0 43.8 70.0 54.8
W330 0.90 69.4 38.8 69.4 43.1
W332 1.14 68.3 47.4 68.3 52.6
W334 2.16 70.7 51.4 70.7 64.3
W336 0.09 69.3 15.1 69.3 18.9
W338 2.69 70.1 60.6 70.1 75.8
W340 1.41 71.6 36.0 71.6 45.0

Scotts Run W318 1.17 68.5 48.0 68.5 60.0
Scrubgrass Run W274 1.51 71.6 57.5 71.6 57.5

W252 1.81 72.7 39.4 72.7 39.4
W254 1.65 71.5 42.6 71.5 42.6
W060 0.80 70.8 38.9 70.8 38.9
W062 1.56 69.0 45.3 69.0 56.6
W064 0.84 74.0 37.6 74.0 37.6
W066 1.19 70.8 33.8 70.8 42.2

Millers Run

Painters Run

Plum Run

Robinson Run

Thoms Run

Westland Run
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Hydrologic Parameters for Chartiers Creek HEC-HMS Model

CN Lag (min) CN Lag (min)
Drainage Area 

(mi2)Subbasin

Future Conditions 
(2020)

Subwatershed Name

Existing Conditions 
(2010)

W068 0.62 70.4 26.2 70.5 32.8
W070 0.58 69.8 35.9 69.8 44.8

Westland Run
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Hydrologic Parameters for Chartiers Creek HEC-HMS Model

W092
W094
W096
W098
W100
W190
W192
W194
W196
W198
W200
W202
W020
W022
W024
W026
W028
W002
W004
W006
W008
W010
W012
W014
W016
W018
W030
W032
W040
W042
W044
W046
W048
W050
W052
W054
W090
W102
W104
W188
W204
W256
W276
W342

Chartiers Creek

Brush Run near Canonsburg

Brush Run near Thompsonville

Catfish Creek

SubbasinSubwatershed Name 2-Year 10-Year 25-Year 50-Year 100-Year
74.6 72.2 70.3 67.9 65.0 64.0
74.5 71.6 69.8 68.6 67.2 66.0
75.4 72.3 70.6 68.1 65.2 64.1
77.0 74.2 72.6 71.4 70.1 69.0
75.8 72.7 70.8 68.4 65.5 64.4
75.6 71.7 66.3 64.9 63.4 62.1
74.3 71.3 69.6 68.3 66.9 65.8
73.7 72.6 68.2 66.9 65.6 64.4
75.8 72.1 67.1 65.8 64.3 63.1
76.9 72.4 67.3 66.0 64.6 63.4
73.3 71.2 66.1 64.8 63.3 62.2
76.8 74.0 72.3 71.1 69.8 68.7
71.5 70.7 68.2 65.6 62.5 61.2
73.0 71.2 68.8 66.1 63.0 61.6
80.4 73.1 71.3 68.5 65.1 64.2
82.7 80.5 79.1 78.1 77.0 76.1
79.8 77.3 75.8 74.7 73.5 72.5
71.5 68.4 66.5 65.2 63.8 62.6
69.1 74.4 72.1 68.4 66.0 64.9
68.6 68.2 63.7 58.8 55.5 53.4
72.3 69.2 67.4 66.1 64.7 63.5
78.4 75.8 74.2 73.0 71.8 70.7
67.9 72.5 66.9 63.9 60.2 58.4
73.2 71.6 69.4 66.8 63.8 62.5
71.8 70.7 68.1 65.3 62.0 60.4
73.4 70.3 68.5 67.3 65.9 64.7
72.1 71.5 69.2 66.7 63.7 62.3
72.1 73.1 70.7 68.4 65.8 64.7
72.9 71.8 69.7 67.2 64.1 62.9
75.6 72.8 71.1 69.8 68.5 67.4
78.1 73.4 71.9 69.4 66.4 65.4
73.5 71.8 69.6 67.0 64.0 62.7
77.8 71.6 69.0 66.0 62.4 60.9
71.0 73.7 70.7 68.6 66.1 65.1
74.7 73.2 71.7 69.4 66.8 65.7
72.6 71.7 69.4 66.8 63.8 62.3
77.8 75.1 73.5 72.3 71.0 69.9
75.6 71.9 69.6 66.9 63.7 62.4
86.1 84.2 83.1 82.2 81.3 80.5
72.0 73.8 68.9 67.7 66.3 65.0
72.6 71.9 67.6 66.3 65.0 63.8
71.6 68.5 66.6 65.3 63.9 62.7
71.9 72.4 68.0 66.9 65.6 64.5
70.4 73.6 68.1 66.9 65.7 64.7

Existing CN 
(ARC=2)

Calibrated Existing Conditions (Year 2010) Curve Numbers
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Hydrologic Parameters for Chartiers Creek HEC-HMS Model

SubbasinSubwatershed Name
W344
W346
W348
W350
W352
W354
W356
W358
W360
W362
W364
W366
W368
W370
W372
W374
W376
W378
W380
W382
W384
W386
W388
W390
W392
W394
W396
W398
W400
W402
W404
W406
W408
W410
W412
W414
W416
W418
W420
W422
W424
W426
W428
W430

Chartiers Creek
2-Year 10-Year 25-Year 50-Year 100-Year

Existing CN 
(ARC=2)

Calibrated Existing Conditions (Year 2010) Curve Numbers

71.0 72.5 67.4 66.1 64.6 63.5
73.5 72.8 68.9 67.6 66.3 65.2
70.9 67.7 65.9 64.5 63.1 61.9
72.3 71.7 67.0 65.7 64.4 63.2
71.5 74.3 69.6 68.6 67.6 66.6
73.9 71.4 66.4 65.1 63.8 62.7
74.0 71.0 69.3 68.0 66.6 65.5
71.1 70.7 68.0 65.2 61.8 60.3
70.7 70.5 67.8 65.2 62.0 60.8
70.8 67.6 65.8 64.4 63.0 61.8
72.5 69.4 67.6 66.3 64.8 63.7
69.2 65.9 64.0 62.7 61.2 59.9
70.6 67.4 65.5 64.1 62.7 61.5
76.3 72.2 70.1 67.2 63.8 62.5
79.0 76.4 74.8 73.7 72.5 71.4
79.5 77.0 75.4 74.3 73.1 72.1
78.1 75.4 73.8 72.6 71.4 70.3
77.2 74.5 72.8 71.7 70.4 69.3
76.7 73.9 72.2 71.0 69.7 68.6
75.8 73.0 71.3 70.1 68.7 67.6
79.0 76.4 74.8 73.7 72.5 71.4
75.1 72.2 70.5 69.2 67.9 66.7
86.9 85.1 84.0 83.2 82.3 81.5
76.0 73.0 71.5 69.1 66.4 65.3
80.9 78.5 77.0 76.0 74.8 73.8
76.2 73.4 71.7 70.5 69.2 68.0
79.1 72.7 70.6 67.8 64.4 63.3
83.1 74.5 73.1 70.5 67.3 67.3
73.8 72.5 70.8 68.5 65.9 64.9
72.4 69.3 67.5 66.2 64.7 63.6
75.0 72.6 68.4 67.3 66.1 65.1
75.6 72.7 71.0 69.8 68.4 67.3
72.7 74.2 69.9 68.8 67.7 66.7
74.6 71.7 66.7 65.3 63.8 62.7
77.5 74.7 73.1 71.9 70.6 69.6
72.3 69.2 67.4 66.1 64.7 63.5
76.2 68.0 57.7 57.6 57.4 57.4
74.4 71.5 69.7 68.4 67.1 65.9
75.8 72.9 71.2 70.0 68.6 67.5
76.9 74.1 72.5 71.3 70.0 68.9
75.8 72.9 71.2 70.0 68.7 67.5
84.0 81.9 80.6 79.7 78.6 77.8
85.0 83.0 81.8 80.9 79.9 79.1
77.5 74.8 73.1 72.0 70.7 69.6
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Hydrologic Parameters for Chartiers Creek HEC-HMS Model

SubbasinSubwatershed Name
W432
W434
W436
W438
W440
W442
W444
W056
W058
W072
W078
W080
W082
W084
W086
W088
W206
W208

Dolphin Run W226
Fishing Run W224

W034
W036
W038

Graesers Run W266
W288
W290
W292
W294
W296
W298
W300
W302
W304
W306
W308
W310
W312
W108
W110
W112
W114
W116
W118
W120

Chartiers Run

Coal Run

Georges Run

Chartiers Creek

Half Crown Run

Little Chartiers Creek

2-Year 10-Year 25-Year 50-Year 100-Year
Existing CN 

(ARC=2)

Calibrated Existing Conditions (Year 2010) Curve Numbers

75.8 72.7 68.5 67.5 66.4 65.5
74.6 71.7 69.9 68.7 67.3 66.2
72.8 71.9 67.7 66.6 65.5 64.3
75.7 72.8 71.1 69.9 68.6 67.4
71.8 73.3 68.9 67.8 66.7 65.7
73.8 72.4 68.0 66.9 65.7 64.7
80.9 78.5 77.0 76.0 74.8 73.8
70.7 70.7 68.2 65.6 62.6 61.1
72.2 70.6 68.1 65.3 62.1 60.7
70.8 73.3 70.2 67.9 65.2 64.0
71.3 71.8 69.3 66.6 63.4 62.0
72.1 72.0 70.1 67.7 64.9 63.8
68.5 65.1 63.2 61.8 60.3 59.1
71.7 71.7 69.6 67.2 64.4 63.1
73.2 72.4 70.7 68.4 65.8 64.8
82.3 80.0 78.6 77.6 76.5 75.6
68.4 74.1 68.0 66.6 65.0 63.9
71.6 71.9 69.3 68.2 67.1 66.1
69.3 69.8 68.0 65.5 62.7 59.3
67.2 70.0 68.5 65.8 63.6 60.4
71.8 72.6 70.2 67.7 64.8 63.6
72.6 73.4 71.4 69.1 66.4 65.3
76.0 72.1 70.1 67.5 64.4 63.2
73.0 72.0 67.3 66.0 64.6 63.4
72.7 70.7 67.6 65.1 62.2 59.6
72.2 71.3 68.2 65.7 62.7 60.0
69.7 70.5 66.6 63.8 60.4 57.7
73.2 70.9 68.0 65.4 62.3 59.6
74.9 71.9 70.2 68.9 67.6 66.4
72.3 70.7 67.7 65.1 62.1 59.6
73.2 71.3 68.5 66.0 63.2 60.6
70.2 66.9 65.1 63.7 62.2 61.0
72.4 69.3 67.5 66.2 64.8 63.6
68.5 65.2 63.3 61.9 60.4 59.2
72.7 69.6 67.8 66.5 65.1 63.9
68.3 64.9 63.0 61.6 60.1 58.9
70.3 67.1 65.2 63.8 62.4 61.1
68.6 73.8 69.7 67.3 65.3 64.2
71.7 70.8 68.3 66.4 64.3 63.1
69.2 73.1 68.8 67.1 65.1 63.8
70.8 72.6 69.7 68.1 66.3 65.3
69.0 73.9 69.8 67.7 65.9 64.6
63.3 59.7 57.7 56.2 54.7 53.4
73.1 71.8 69.8 68.0 66.0 64.9
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Hydrologic Parameters for Chartiers Creek HEC-HMS Model

SubbasinSubwatershed Name
W122
W124
W126
W128
W130
W132
W134
W136
W138
W140
W142
W144
W146
W148
W150
W152
W154
W156
W158
W160
W162
W164
W166
W168
W170
W172
W174
W176
W178
W180
W182
W184
W186
W264
W268
W270
W210
W212
W214
W216
W218
W220
W222
W228

McLaughlin Run

Little Chartiers Creek

Millers Run

2-Year 10-Year 25-Year 50-Year 100-Year
Existing CN 

(ARC=2)

Calibrated Existing Conditions (Year 2010) Curve Numbers

70.0 66.7 64.8 63.5 62.0 60.8
70.8 73.2 70.3 68.7 67.0 66.0
68.9 65.6 63.7 62.3 60.9 59.6
69.4 74.4 71.7 68.9 67.3 66.2
64.7 61.2 59.2 57.7 56.2 54.9
71.0 71.0 68.7 66.9 64.9 63.8
70.1 73.9 70.4 68.7 67.0 66.0
73.7 71.9 69.8 68.1 66.2 65.2
69.5 73.9 70.0 68.0 66.1 65.0
70.7 67.5 65.6 64.3 62.8 61.6
72.0 74.1 71.7 70.4 68.8 68.0
71.6 74.1 71.3 69.8 68.2 67.1
72.3 71.5 69.4 67.7 65.9 64.8
74.0 70.0 66.5 64.1 61.4 59.8
74.2 71.5 68.8 66.8 64.6 63.3
74.2 71.2 69.5 68.2 66.8 65.7
75.3 72.0 70.0 68.4 66.5 65.3
69.8 74.6 70.8 68.6 66.7 65.4
68.7 72.4 67.9 66.0 63.9 62.6
76.4 73.6 71.9 70.7 69.4 68.3
68.5 73.7 70.3 67.7 65.8 64.5
81.7 79.3 77.9 76.9 75.8 74.8
71.5 72.7 70.4 68.8 67.1 66.1
69.7 75.3 74.1 71.7 69.3 68.4
74.1 71.1 69.3 68.1 66.7 65.5
71.3 68.1 66.2 64.9 63.4 62.2
74.1 71.1 69.4 68.1 66.7 65.5
74.5 73.1 71.8 70.5 69.2 68.3
76.6 73.8 72.2 71.0 69.7 68.6
80.9 78.5 77.1 76.0 74.8 73.9
75.3 72.4 70.7 69.5 68.2 67.0
76.9 72.4 70.6 69.0 67.1 66.2
78.4 75.8 74.2 73.0 71.8 70.7
73.6 71.2 65.9 64.5 62.9 61.7
74.4 72.1 67.4 66.1 64.7 63.6
75.4 70.8 63.4 61.1 58.5 56.6
70.8 69.8 68.4 66.1 63.4 59.9
70.8 68.8 66.6 63.8 60.4 56.3
72.5 69.3 67.3 64.6 61.3 57.0
73.0 68.8 66.9 64.0 60.5 56.4
68.9 68.8 66.7 64.0 60.8 57.1
69.3 69.6 67.9 65.5 62.7 59.3
68.0 64.6 62.7 61.3 59.8 58.5
69.1 70.2 68.9 66.7 64.1 61.0
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Hydrologic Parameters for Chartiers Creek HEC-HMS Model

SubbasinSubwatershed Name
W230
W232
W234
W236
W238
W240
W242
W244
W246
W248
W250

Opossum Run W106
W258
W260
W262
W272

Pink Run W286
Pinkertons Run W314

W074
W076

Robb Run W282
W278
W280
W284
W316
W320
W322
W324
W326
W328
W330
W332
W334
W336
W338
W340

Scotts Run W318
Scrubgrass Run W274

W252
W254
W060
W062
W064
W066

Millers Run

Painters Run

Plum Run

Robinson Run

Thoms Run

Westland Run

2-Year 10-Year 25-Year 50-Year 100-Year
Existing CN 

(ARC=2)

Calibrated Existing Conditions (Year 2010) Curve Numbers

72.2 68.1 65.6 62.6 59.0 54.5
69.8 68.6 66.4 63.6 60.3 56.4
74.9 71.9 70.2 68.9 67.6 66.4
69.3 66.0 64.1 62.7 61.2 60.0
74.9 68.6 66.5 63.5 59.9 58.5
73.7 70.7 68.9 67.7 66.3 65.1
72.3 69.4 67.7 65.0 61.9 58.0
68.8 69.1 66.8 64.1 61.0 57.4
75.4 72.5 70.8 69.5 68.2 67.0
69.7 70.0 68.3 66.0 63.2 59.8
70.0 66.7 64.8 63.4 62.0 60.8
70.9 73.8 70.7 69.3 67.7 66.6
71.2 73.0 68.1 66.9 65.5 64.5
69.6 72.8 66.5 65.1 63.6 62.3
71.7 73.2 68.5 67.3 66.0 65.0
74.6 71.6 69.9 68.6 67.2 66.1
69.1 65.8 63.9 62.5 61.0 59.8
71.9 70.5 67.2 64.5 61.2 58.6
74.1 72.0 69.7 67.0 63.9 62.5
74.1 72.2 70.3 67.8 64.9 63.8
74.5 70.9 67.7 65.0 61.8 59.1
74.9 70.6 67.1 64.2 60.8 57.6
72.8 71.1 68.1 65.5 62.5 60.2
69.6 71.0 67.0 64.3 61.2 58.4
71.2 68.0 66.2 64.9 63.4 62.2
72.7 70.5 67.3 64.7 61.5 58.8
70.6 69.6 65.7 62.8 59.3 56.3
70.0 66.8 64.9 63.5 62.1 60.8
74.4 71.4 69.7 68.4 67.0 65.9
70.0 70.5 66.9 64.2 61.1 58.5
69.4 66.1 64.2 62.8 61.3 60.1
68.3 72.0 68.3 66.0 63.3 61.2
70.7 71.2 68.0 65.5 62.5 60.0
69.3 66.0 64.1 62.7 61.2 60.0
70.1 73.1 69.3 67.0 64.3 61.9
71.6 70.4 67.4 64.8 61.9 59.4
68.5 72.7 69.3 67.0 64.9 62.9
71.6 73.3 68.7 67.5 66.2 65.2
72.7 70.7 65.2 63.7 62.0 60.6
71.5 71.0 66.0 64.6 63.1 61.9
70.8 67.6 65.7 64.4 62.9 61.7
69.0 73.9 70.3 67.2 64.4 63.2
74.0 71.0 69.3 68.0 66.6 65.4
70.8 71.1 68.6 66.0 63.0 61.7
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Hydrologic Parameters for Chartiers Creek HEC-HMS Model

SubbasinSubwatershed Name
W068
W070

Westland Run
2-Year 10-Year 25-Year 50-Year 100-Year

Existing CN 
(ARC=2)

Calibrated Existing Conditions (Year 2010) Curve Numbers

70.4 67.2 65.3 64.0 62.5 61.3
69.8 66.5 64.6 63.2 61.8 60.5
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Hydrologic Parameters for Chartiers Creek HEC-HMS Model

W092
W094
W096
W098
W100
W190
W192
W194
W196
W198
W200
W202
W020
W022
W024
W026
W028
W002
W004
W006
W008
W010
W012
W014
W016
W018
W030
W032
W040
W042
W044
W046
W048
W050
W052
W054
W090
W102
W104
W188
W204
W256
W276
W342

Chartiers Creek

Brush Run near Canonsburg

Brush Run near Thompsonville

Catfish Creek

SubbasinSubwatershed Name 2-Year 10-Year 25-Year 50-Year 100-Year
78.9 76.7 75.1 72.9 70.3 69.3
78.1 75.5 73.9 72.7 71.4 70.4
77.3 74.4 72.8 70.4 67.6 66.5
78.0 75.3 73.7 72.5 71.2 70.2
79.7 77.0 75.3 73.1 70.4 69.4
75.6 71.7 66.3 64.9 63.4 62.1
74.3 71.3 69.6 68.3 66.9 65.8
73.7 72.6 68.2 66.9 65.6 64.4
75.8 72.1 67.1 65.8 64.3 63.1
76.9 72.4 67.3 66.0 64.6 63.4
73.3 71.2 66.1 64.8 63.3 62.2
76.8 74.0 72.3 71.1 69.8 68.7
71.5 70.7 68.2 65.6 62.5 61.2
73.0 71.2 68.8 66.1 63.0 61.6
80.4 73.1 71.3 68.5 65.1 64.2
82.7 80.5 79.1 78.1 77.0 76.1
79.8 77.3 75.8 74.7 73.5 72.5
71.5 68.4 66.5 65.2 63.8 62.6
70.7 75.8 73.6 70.1 67.7 66.6
69.0 68.6 64.1 59.2 56.0 53.9
72.3 69.2 67.4 66.1 64.7 63.5
78.4 75.8 74.2 73.0 71.8 70.7
68.7 73.2 67.6 64.7 61.1 59.3
73.2 71.6 69.4 66.8 63.8 62.5
71.8 70.7 68.1 65.3 62.0 60.4
73.4 70.3 68.5 67.3 65.9 64.7
72.1 71.5 69.2 66.7 63.7 62.3
72.1 73.1 70.7 68.4 65.8 64.7
72.9 71.8 69.7 67.2 64.1 62.9
76.6 73.9 72.2 71.0 69.7 68.6
78.6 74.0 72.5 70.0 67.1 66.1
77.5 76.0 74.0 71.7 68.9 67.6
84.6 79.8 77.8 75.3 72.2 71.0
78.8 81.0 78.6 76.9 74.8 73.9
74.7 73.2 71.7 69.4 66.8 65.7
82.5 81.8 80.1 78.1 75.7 74.6
83.6 81.4 80.1 79.2 78.1 77.2
84.4 81.7 80.0 77.9 75.3 74.3
87.0 85.2 84.1 83.3 82.4 81.7
79.3 80.7 76.7 75.6 74.5 73.4
72.6 71.9 67.6 66.3 65.0 63.8
71.6 68.5 66.6 65.3 63.9 62.7
71.9 72.4 68.0 66.9 65.6 64.5
70.4 73.6 68.1 66.9 65.7 64.7

Future CN 
(ARC=2)

Calibrated Future Conditions (Year 2020) Curve Numbers
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Hydrologic Parameters for Chartiers Creek HEC-HMS Model

SubbasinSubwatershed Name
W344
W346
W348
W350
W352
W354
W356
W358
W360
W362
W364
W366
W368
W370
W372
W374
W376
W378
W380
W382
W384
W386
W388
W390
W392
W394
W396
W398
W400
W402
W404
W406
W408
W410
W412
W414
W416
W418
W420
W422
W424
W426
W428
W430

Chartiers Creek
2-Year 10-Year 25-Year 50-Year 100-Year

Future CN 
(ARC=2)

Calibrated Future Conditions (Year 2020) Curve Numbers

71.0 72.5 67.4 66.1 64.6 63.5
73.5 72.8 68.9 67.6 66.3 65.2
70.9 67.7 65.9 64.5 63.1 61.9
72.3 71.7 67.0 65.7 64.4 63.2
71.5 74.3 69.6 68.6 67.6 66.6
73.9 71.4 66.4 65.1 63.8 62.7
74.0 71.0 69.3 68.0 66.6 65.5
73.5 73.1 70.6 67.9 64.6 63.1
70.7 70.5 67.8 65.2 62.0 60.8
70.8 67.6 65.8 64.4 63.0 61.8
72.5 69.4 67.6 66.3 64.8 63.7
73.0 69.9 68.1 66.8 65.4 64.3
83.8 81.6 80.3 79.4 78.3 77.5
76.8 72.8 70.7 67.9 64.5 63.2
79.0 76.4 74.8 73.7 72.5 71.4
79.5 77.0 75.4 74.3 73.1 72.1
78.1 75.4 73.8 72.6 71.4 70.3
77.2 74.5 72.8 71.7 70.4 69.3
76.7 73.9 72.2 71.0 69.7 68.6
81.9 79.6 78.2 77.1 76.0 75.1
79.5 76.9 75.4 74.3 73.0 72.0
77.1 74.3 72.7 71.5 70.2 69.1
86.9 85.1 84.0 83.2 82.3 81.5
80.1 77.5 76.1 74.0 71.5 70.5
80.9 78.5 77.0 76.0 74.8 73.8
76.2 73.4 71.7 70.5 69.2 68.0
80.1 73.9 71.9 69.1 65.8 64.7
84.3 76.1 74.8 72.3 69.3 69.3
86.2 85.4 84.3 82.8 81.1 80.4
82.0 79.7 78.3 77.3 76.2 75.2
75.2 72.8 68.6 67.6 66.4 65.4
75.6 72.7 71.0 69.8 68.4 67.3
72.7 74.2 69.9 68.8 67.7 66.7
74.6 71.7 66.7 65.3 63.8 62.7
77.5 74.7 73.1 71.9 70.6 69.6
72.3 69.2 67.4 66.1 64.7 63.5
76.2 68.0 57.7 57.6 57.4 57.4
74.4 71.5 69.7 68.4 67.1 65.9
75.8 72.9 71.2 70.0 68.6 67.5
76.9 74.1 72.5 71.3 70.0 68.9
75.8 72.9 71.2 70.0 68.7 67.5
84.0 81.9 80.6 79.7 78.6 77.8
85.0 83.0 81.8 80.9 79.9 79.1
77.5 74.8 73.1 72.0 70.7 69.6
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Hydrologic Parameters for Chartiers Creek HEC-HMS Model

SubbasinSubwatershed Name
W432
W434
W436
W438
W440
W442
W444
W056
W058
W072
W078
W080
W082
W084
W086
W088
W206
W208

Dolphin Run W226
Fishing Run W224

W034
W036
W038

Graesers Run W266
W288
W290
W292
W294
W296
W298
W300
W302
W304
W306
W308
W310
W312
W108
W110
W112
W114
W116
W118
W120

Chartiers Run

Coal Run

Georges Run

Chartiers Creek

Half Crown Run

Little Chartiers Creek

2-Year 10-Year 25-Year 50-Year 100-Year
Future CN 
(ARC=2)

Calibrated Future Conditions (Year 2020) Curve Numbers

75.8 72.7 68.5 67.5 66.4 65.5
74.6 71.7 69.9 68.7 67.3 66.2
72.8 71.9 67.7 66.6 65.5 64.3
75.7 72.8 71.1 69.9 68.6 67.4
71.8 73.3 68.9 67.8 66.7 65.7
73.8 72.4 68.0 66.9 65.7 64.7
80.9 78.5 77.1 76.0 74.8 73.9
70.7 70.7 68.2 65.6 62.6 61.1
72.2 70.6 68.1 65.3 62.1 60.7
70.8 73.3 70.2 67.9 65.2 64.0
72.1 72.6 70.1 67.5 64.4 63.0
73.3 73.2 71.4 69.0 66.3 65.2
68.5 65.1 63.2 61.8 60.3 59.1
71.7 71.7 69.6 67.2 64.4 63.1
73.2 72.4 70.7 68.4 65.8 64.8
82.3 80.0 78.6 77.6 76.5 75.6
68.5 74.2 68.1 66.7 65.1 64.0
71.6 71.9 69.3 68.2 67.1 66.1
69.3 69.8 68.0 65.5 62.7 59.3
67.2 70.0 68.5 65.8 63.6 60.4
71.8 72.6 70.2 67.7 64.8 63.6
72.6 73.4 71.4 69.1 66.4 65.3
76.0 72.1 70.1 67.5 64.4 63.2
73.0 72.0 67.3 66.0 64.6 63.4
72.7 70.7 67.6 65.1 62.2 59.6
72.2 71.3 68.2 65.7 62.7 60.0
69.7 70.5 66.6 63.8 60.4 57.7
73.2 70.9 68.0 65.4 62.3 59.6
74.9 71.9 70.2 68.9 67.6 66.4
72.3 70.7 67.7 65.1 62.1 59.6
73.2 71.3 68.5 66.0 63.2 60.6
70.2 66.9 65.1 63.7 62.2 61.0
72.4 69.3 67.5 66.2 64.8 63.6
68.5 65.2 63.3 61.9 60.4 59.2
72.7 69.6 67.8 66.5 65.1 63.9
68.3 64.9 63.0 61.6 60.1 58.9
70.3 67.1 65.2 63.8 62.4 61.1
74.8 79.3 75.8 73.7 71.9 70.9
71.7 70.8 68.3 66.4 64.3 63.1
73.1 76.7 72.8 71.2 69.4 68.1
70.8 72.6 69.7 68.1 66.3 65.3
69.7 74.5 70.5 68.4 66.6 65.3
68.7 65.4 63.5 62.1 60.6 59.3
78.4 77.3 75.5 74.0 72.3 71.2
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Hydrologic Parameters for Chartiers Creek HEC-HMS Model

SubbasinSubwatershed Name
W122
W124
W126
W128
W130
W132
W134
W136
W138
W140
W142
W144
W146
W148
W150
W152
W154
W156
W158
W160
W162
W164
W166
W168
W170
W172
W174
W176
W178
W180
W182
W184
W186
W264
W268
W270
W210
W212
W214
W216
W218
W220
W222
W228

McLaughlin Run

Little Chartiers Creek

Millers Run

2-Year 10-Year 25-Year 50-Year 100-Year
Future CN 
(ARC=2)

Calibrated Future Conditions (Year 2020) Curve Numbers

77.2 74.5 72.8 71.7 70.4 69.3
76.8 78.9 76.3 75.0 73.4 72.6
68.9 65.6 63.7 62.3 60.9 59.6
69.4 74.4 71.7 68.9 67.3 66.2
64.7 61.2 59.2 57.7 56.2 54.9
71.0 71.0 68.7 66.9 64.9 63.8
70.1 73.9 70.4 68.7 67.0 66.0
73.8 72.0 69.9 68.2 66.3 65.4
69.7 74.2 70.3 68.3 66.3 65.2
75.3 72.4 70.7 69.4 68.1 67.0
72.0 74.2 71.8 70.4 68.9 68.0
71.7 74.1 71.3 69.9 68.2 67.2
75.8 75.0 73.0 71.5 69.8 68.8
76.6 72.8 69.5 67.3 64.6 63.2
79.3 76.9 74.6 72.8 70.8 69.6
75.1 72.2 70.5 69.3 67.9 66.8
81.6 78.9 77.3 75.9 74.3 73.2
72.3 76.9 73.3 71.2 69.4 68.2
69.0 72.7 68.2 66.4 64.3 62.9
76.4 73.6 71.9 70.7 69.4 68.3
68.6 73.7 70.4 67.8 65.9 64.7
81.7 79.3 77.9 76.9 75.8 74.8
71.5 72.7 70.4 68.8 67.1 66.1
70.1 75.7 74.6 72.2 69.8 68.9
82.9 80.7 79.3 78.4 77.3 76.4
78.6 76.0 74.4 73.3 72.0 71.0
74.1 71.1 69.4 68.1 66.7 65.5
75.1 73.7 72.4 71.2 69.8 69.0
89.8 88.3 87.4 86.8 86.0 85.4
82.4 80.1 78.8 77.8 76.7 75.7
75.5 72.7 71.0 69.7 68.4 67.3
76.9 72.4 70.6 69.0 67.1 66.2
78.4 75.8 74.2 73.0 71.8 70.7
73.6 71.2 65.9 64.5 62.9 61.7
74.4 72.1 67.4 66.1 64.7 63.6
75.4 70.8 63.4 61.1 58.5 56.6
70.8 69.8 68.4 66.1 63.4 59.9
70.8 68.8 66.6 63.8 60.4 56.3
75.1 72.0 70.1 67.5 64.4 60.2
79.2 75.6 73.9 71.4 68.3 64.5
69.2 69.1 67.0 64.3 61.1 57.5
69.3 69.6 67.9 65.5 62.7 59.3
70.7 67.4 65.6 64.2 62.8 61.6
69.1 70.2 68.9 66.7 64.1 61.0
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Hydrologic Parameters for Chartiers Creek HEC-HMS Model

SubbasinSubwatershed Name
W230
W232
W234
W236
W238
W240
W242
W244
W246
W248
W250

Opossum Run W106
W258
W260
W262
W272

Pink Run W286
Pinkertons Run W314

W074
W076

Robb Run W282
W278
W280
W284
W316
W320
W322
W324
W326
W328
W330
W332
W334
W336
W338
W340

Scotts Run W318
Scrubgrass Run W274

W252
W254
W060
W062
W064
W066

Millers Run

Painters Run

Plum Run

Robinson Run

Thoms Run

Westland Run

2-Year 10-Year 25-Year 50-Year 100-Year
Future CN 
(ARC=2)

Calibrated Future Conditions (Year 2020) Curve Numbers

72.2 68.1 65.6 62.6 59.0 54.5
69.8 68.6 66.4 63.6 60.3 56.4
74.9 71.9 70.2 68.9 67.6 66.4
78.4 75.8 74.2 73.1 71.8 70.8
76.8 70.9 68.8 65.9 62.4 61.0
79.9 77.4 75.9 74.8 73.6 72.6
75.3 72.6 70.9 68.4 65.5 61.7
68.9 69.2 66.9 64.3 61.1 57.5
75.4 72.5 70.8 69.5 68.2 67.0
69.7 70.0 68.3 66.0 63.2 59.8
70.0 66.7 64.8 63.4 62.0 60.8
70.9 73.8 70.7 69.3 67.7 66.6
71.2 73.0 68.1 66.9 65.5 64.5
69.6 72.8 66.5 65.1 63.6 62.3
71.7 73.2 68.5 67.3 66.0 65.0
74.6 71.6 69.9 68.6 67.2 66.1
69.1 65.8 63.9 62.5 61.0 59.8
71.9 70.5 67.2 64.5 61.2 58.6
74.1 72.0 69.7 67.0 63.9 62.5
74.1 72.2 70.3 67.8 64.9 63.8
74.5 70.9 67.7 65.0 61.8 59.1
74.9 70.6 67.1 64.2 60.8 57.6
72.8 71.1 68.1 65.5 62.5 60.2
69.6 71.0 67.0 64.3 61.2 58.4
71.2 68.0 66.2 64.9 63.4 62.2
72.7 70.5 67.3 64.7 61.5 58.8
70.6 69.6 65.7 62.8 59.3 56.3
70.0 66.8 64.9 63.5 62.1 60.8
74.4 71.4 69.7 68.4 67.0 65.9
70.0 70.5 66.9 64.2 61.1 58.5
69.4 66.1 64.2 62.8 61.3 60.1
68.3 72.0 68.3 66.0 63.3 61.2
70.7 71.2 68.0 65.5 62.5 60.0
69.3 66.0 64.1 62.7 61.2 60.0
70.1 73.1 69.3 67.0 64.3 61.9
71.6 70.5 67.4 64.8 61.9 59.4
68.5 72.7 69.3 67.0 64.9 62.9
71.6 73.3 68.7 67.5 66.2 65.2
72.7 70.7 65.2 63.7 62.0 60.6
71.5 71.0 66.0 64.6 63.1 61.9
70.8 67.6 65.7 64.4 62.9 61.7
69.0 73.9 70.3 67.2 64.4 63.2
74.0 71.0 69.3 68.0 66.6 65.4
70.8 71.1 68.6 66.0 63.0 61.7
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Hydrologic Parameters for Chartiers Creek HEC-HMS Model

SubbasinSubwatershed Name
W068
W070

Westland Run
2-Year 10-Year 25-Year 50-Year 100-Year

Future CN 
(ARC=2)

Calibrated Future Conditions (Year 2020) Curve Numbers

70.5 67.2 65.4 64.0 62.5 61.3
69.8 66.5 64.6 63.2 61.8 60.5

A- 30



Hydrologic Results for Chartiers Creek HEC-HMS Model

x y  2-Year  10-Year  25-Year  50-Year  100-Year  2-Year  10-Year  25-Year  50-Year 100-Year
1 J1088 1259328.4 313652.1 3.12 330         728         930         1,015      1,236      330         728         930         1,015      1,236      
2 O25 1274450.0 312467.9 1.30 159         353         451         493         603         159         353         451         493         603         
3 J1083 1270806.3 312741.1 3.42 425         924         1,173      1,276      1,574      425         924         1,173      1,276      1,574      
4 P33-6 1267891.2 316293.8 4.22 500         1,034      1,311      1,444      1,762      500         1,034      1,311      1,444      1,762      
5 J4 1255866.8 324856.7 1.94 209         462         594         657         795         209         462         594         657         795         
6 J1201 1259783.8 331324.4 6.25 611         1,283      1,642      1,827      2,231      611         1,283      1,642      1,827      2,230      
7 J1206 1267162.5 332417.5 2.11 232         509         650         715         873         232         509         650         715         873         
8 P38 1278367.1 323945.8 1.58 207         449         559         589         715         525         934         1,136      1,234      1,446      
9 J1310 1262152.3 360201.3 1.64 152         376         536         659         804         152         376         536         659         804         
10 O29 1263063.2 355191.1 2.83 261         601         826         981         1,199      261         601         826         981         1,199      
11 J1301 1265158.4 352822.7 5.01 460         961         1,264      1,468      1,795      460         961         1,264      1,468      1,795      
12 J2 1276818.5 351547.4 2.43 268         581         738         805         978         268         581         738         805         978         
13 J1254 1256868.8 349907.7 4.59 459         990         1,266      1,385      1,685      497         1,056      1,346      1,475      1,788      
14 J1234 1262061.2 346719.4 7.33 661         1,413      1,807      1,986      2,419      715         1,505      1,919      2,112      2,564      
15 J1244 1266433.7 348085.8 13.71 1,153      2,457      3,193      3,607      4,402      1,208      2,551      3,307      3,735      4,549      
16 J1223 1273630.2 344715.3 16.83 711         1,547      2,061      2,365      2,933      733         1,593      2,118      2,430      3,011      
17 J1229 1281555.4 343166.7 22.36 882         1,938      2,614      3,012      3,791      905         1,990      2,680      3,086      3,881      
18 J1298 1281464.3 356011.0 2.44 292         651         833         922         1,130      430         874         1,100      1,222      1,472      
19 J1283 1285199.2 353278.2 4.13 470         1,037      1,364      1,565      1,907      684         1,387      1,791      2,050      2,462      
20 J1080 1286838.9 311283.6 2.99 332         741         1,003      1,178      1,439      523         1,050      1,381      1,608      1,928      
21 J1091 1290573.8 313743.2 5.40 578         1,224      1,674      1,984      2,422      915         1,755      2,322      2,720      3,260      
22 J1111 1292395.6 318024.6 7.75 816         1,679      2,292      2,719      3,325      1,240      2,347      3,110      3,651      4,442      
23 J1126 1294126.4 318844.5 9.66 775         1,595      2,200      2,635      3,261      1,117      2,173      2,927      3,501      4,315      
24 J1612 1299091.1 318115.7 0.00 -             -             -             -             -             -             -             -             -             -         
25 J1114 1299318.8 318115.7 12.01 586         1,125      1,509      1,811      2,249      749         1,402      1,879      2,269      2,847      
26 J1159 1298316.8 330686.7 3.65 443         886         1,185      1,396      1,708      454         903         1,205      1,419      1,735      
27 J5 1302416.0 301809.8 2.84 337         603         778         916         1,104      436         754         960         1,125      1,341      
28 J1070 1302780.4 307639.9 5.74 571         1,030      1,360      1,607      1,945      684         1,211      1,582      1,864      2,240      
29 J1075 1302324.9 309097.4 7.77 680         1,236      1,638      1,945      2,399      865         1,527      2,003      2,372      2,888      
30 J1105 1301869.5 316840.4 21.62 1,293      2,488      3,339      4,011      4,985      1,614      3,044      4,073      4,910      6,093      
31 J1121 1302233.8 318389.0 22.97 1,250      2,352      3,133      3,753      4,651      1,536      2,841      3,773      4,536      5,620      
32 J1143 1301960.6 324947.8 25.53 1,097      1,971      2,559      3,014      3,672      1,299      2,282      2,951      3,496      4,357      
33 J1162 1301140.7 330868.9 31.16 1,285      2,340      3,056      3,614      4,439      1,496      2,674      3,483      4,145      5,177      
34 J1165 1302507.1 332964.1 33.23 1,349      2,466      3,233      3,836      4,729      1,564      2,809      3,674      4,384      5,479      

2020 Discharges with No Future SWMHEC-HMS 
Node

Discharge 
Point

Cumulative 
Area (mi2)

Coordinates 2010 Discharges with Existing SWM
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Hydrologic Results for Chartiers Creek HEC-HMS Model

x y  2-Year  10-Year  25-Year  50-Year  100-Year  2-Year  10-Year  25-Year  50-Year 100-Year
2020 Discharges with No Future SWMHEC-HMS 

Node
Discharge 

Point
Cumulative 
Area (mi2)

Coordinates 2010 Discharges with Existing SWM

35 J1195 1304511.2 335970.2 36.09 1,287      2,333      3,026      3,555      4,309      1,472      2,613      3,376      3,978      4,876      
36 J1198 1301687.3 339887.3 38.20 1,319      2,391      3,102      3,645      4,415      1,507      2,676      3,457      4,073      4,987      
37 J1226 1301687.3 346628.3 44.22 1,441      2,633      3,422      4,017      4,866      1,666      2,971      3,839      4,516      5,518      
38 J1259 1320088.3 352640.5 3.32 365         620         892         1,099      1,347      365         620         892         1,099      1,347      
39 J1269 1314622.7 354098.0 5.86 614         1,074      1,534      1,888      2,308      614         1,074      1,534      1,888      2,308      
40 J1288 1311343.3 357377.4 9.73 927         1,626      2,310      2,836      3,461      927         1,626      2,310      2,836      3,461      
41 J1088 1259328.4 313652.1 3.12 330         728         930         1,015      1,236      330         728         930         1,015      1,236      
42 J1358 1285654.7 377600.4 2.92 231         569         741         819         858         237         579         754         834         874         
43 O30 1263883.1 372863.5 1.22 107         267         341         360         344         107         267         341         360         344         
44 J1345 1270441.9 371679.2 4.01 325         785         1,011      1,100      1,109      325         785         1,011      1,100      1,109      
45 J1332 1274723.3 369310.8 6.57 525         1,225      1,599      1,776      1,853      525         1,225      1,599      1,776      1,853      
46 J1335 1276545.2 369766.3 8.84 685         1,602      2,078      2,304      2,384      738         1,689      2,181      2,422      2,519      
47 P62 1279460.2 368126.6 10.19 764         1,787      2,313      2,555      2,695      837         1,910      2,460      2,722      2,884      
48 J1327 1285017.0 368582.0 12.33 850         1,970      2,546      2,813      2,976      969         2,150      2,760      3,055      3,255      
49 J1348 1289571.7 372134.7 17.70 1,113      2,589      3,356      3,721      3,968      1,294      2,872      3,691      4,099      4,402      
50 J1361 1294855.2 378146.9 22.03 1,293      2,959      3,819      4,246      4,542      1,491      3,271      4,191      4,667      5,020      
51 J1364 1295857.2 378420.2 24.15 1,390      3,160      4,077      4,536      4,859      1,596      3,490      4,472      4,983      5,366      
52 J1371 1305331.1 381153.1 27.51 1,491      3,354      4,318      4,809      5,159      1,706      3,727      4,778      5,336      5,759      
53 J1108 1265067.3 318206.8 23.41 1,042      2,247      2,886      3,205      3,921      1,063      2,280      2,941      3,312      4,100      
54 J1376 1323458.8 383339.3 2.77 312         500         715         880         1,076      312         500         715         880         1,076      
55 J1338 1323003.4 371314.9 3.57 345         604         866         1,065      1,308      345         604         866         1,065      1,308      
56 J3 1318357.6 377053.8 5.49 527         918         1,311      1,612      1,981      527         918         1,311      1,612      1,981      
57 J1379 1314896.0 384068.1 12.19 968         1,572      2,217      2,704      3,312      968         1,572      2,217      2,704      3,312      
58 J1464 1273721.3 399007.6 3.09 295         623         811         902         1,018      295         623         811         902         1,018      
59 J1472 1276909.6 400829.5 5.76 514         1,078      1,403      1,561      1,758      514         1,078      1,403      1,561      1,758      
60 J1494 1280553.4 404199.9 7.46 601         1,242      1,614      1,799      2,033      601         1,242      1,614      1,799      2,033      
61 J1505 1283104.0 405566.4 9.49 708         1,463      1,908      2,135      2,422      708         1,463      1,908      2,135      2,422      
62 J1502 1285836.8 404928.7 10.84 781         1,611      2,109      2,384      2,726      781         1,611      2,109      2,384      2,726      
63 J1489 1288296.4 401193.8 12.51 855         1,755      2,299      2,600      2,983      855         1,755      2,299      2,600      2,983      
64 J1396 1263063.2 386163.2 2.76 260         541         694         752         826         260         541         694         752         826         
65 P56 1284652.6 346172.8 79.06 2,314      4,664      6,049      6,878      8,396      2,498      5,019      6,522      7,434      9,057      
66 J1391 1272901.4 385343.4 7.81 571         1,149      1,476      1,608      1,792      571         1,149      1,476      1,608      1,792      
67 J1403 1276909.6 386892.0 9.65 653         1,296      1,663      1,820      2,037      653         1,296      1,663      1,820      2,037      
68 J1430 1283104.0 392175.5 13.17 798         1,549      1,985      2,180      2,446      798         1,549      1,985      2,180      2,446      
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Hydrologic Results for Chartiers Creek HEC-HMS Model

x y  2-Year  10-Year  25-Year  50-Year  100-Year  2-Year  10-Year  25-Year  50-Year 100-Year
2020 Discharges with No Future SWMHEC-HMS 

Node
Discharge 

Point
Cumulative 
Area (mi2)

Coordinates 2010 Discharges with Existing SWM

69 J1440 1286930.0 394543.9 14.89 825         1,622      2,094      2,324      2,657      825         1,622      2,094      2,324      2,657      
70 J1455 1290573.8 397003.5 28.99 1,697      3,456      4,522      5,101      5,858      1,697      3,456      4,522      5,101      5,858      
71 J1461 1297041.5 401467.1 33.76 1,851      3,726      4,865      5,489      6,305      1,851      3,726      4,865      5,489      6,305      
72 J1477 1298772.3 401467.1 34.78 1,872      3,766      4,919      5,555      6,384      1,872      3,766      4,919      5,555      6,384      
73 J1458 1306606.4 396730.2 38.64 1,962      3,893      5,091      5,761      6,626      1,962      3,893      5,091      5,761      6,626      
74 J1514 1313165.2 405839.6 4.66 422         748         1,059      1,297      1,583      422         748         1,059      1,297      1,583      
75 J6 1257233.2 294431.2 2.89 284         621         788         845         1,028      389         797         1,000      1,081      1,299      
76 USGS 03085217 1258235.2 297528.4 4.04 382         834         1,061      1,144      1,399      495         1,028      1,298      1,407      1,703      
77 J1050 1258781.8 299350.3 5.48 477         1,070      1,401      1,564      1,917      589         1,266      1,642      1,832      2,228      
78 J1058 1262516.7 301809.8 7.42 351         768         1,016      1,177      1,475      396         859         1,137      1,317      1,653      
79 J1053 1264611.8 303085.1 9.77 417         889         1,146      1,318      1,641      466         986         1,272      1,464      1,826      
80 J1063 1264885.1 305909.1 11.71 473         994         1,286      1,474      1,835      537         1,111      1,436      1,645      2,045      
81 J1098 1262607.8 314471.9 18.04 539         1,054      1,329      1,497      1,812      611         1,181      1,491      1,683      2,061      
82 J1133 1263609.8 321304.0 28.49 1,268      2,678      3,482      3,932      4,850      1,283      2,717      3,565      4,057      5,024      
83 J1108 1265067.3 318206.8 23.41 1,042      2,247      2,886      3,205      3,921      1,063      2,280      2,941      3,312      4,100      
84 J1140 1264611.8 324856.7 36.52 1,925      4,000      5,156      5,800      7,110      1,939      4,051      5,247      5,921      7,267      
85 J1148 1268711.1 327771.7 40.05 1,839      3,677      4,704      5,288      6,425      1,858      3,745      4,802      5,412      6,573      
86 J1151 1270806.3 328500.5 42.02 1,912      3,814      4,876      5,481      6,658      1,932      3,882      4,973      5,604      6,805      
87 J1156 1274176.8 329775.8 43.79 1,725      3,473      4,441      5,000      6,067      1,765      3,556      4,552      5,135      6,224      
88 J1172 1279460.2 331779.9 47.43 1,628      3,229      4,109      4,623      5,583      1,707      3,353      4,267      4,810      5,794      
89 J1183 1280280.1 333692.9 49.99 1,694      3,354      4,270      4,807      5,806      1,772      3,477      4,426      4,992      6,015      
90 J1188 1280371.2 333966.1 52.84 1,757      3,473      4,420      4,976      6,009      1,862      3,730      4,822      5,471      6,567      
91 J1211 1282466.4 342529.0 77.43 2,282      4,604      5,968      6,781      8,279      2,458      4,947      6,426      7,320      8,920      
92 J1214 1283104.0 343257.8 78.37 2,301      4,641      6,017      6,840      8,350      2,485      4,994      6,487      7,392      9,007      
93 P56 1284652.6 346172.8 79.06 2,314      4,664      6,049      6,878      8,396      2,498      5,019      6,522      7,434      9,057      
94 J1241 1291849.1 347994.7 86.98 2,455      4,931      6,399      7,288      8,916      2,675      5,342      6,954      7,949      9,728      
95 J1249 1295857.2 353915.8 90.86 2,523      5,057      6,563      7,477      9,153      2,769      5,509      7,175      8,204      10,050    
96 J1264 1302324.9 353004.9 46.60 1,455      2,657      3,451      4,050      4,903      1,676      2,988      3,860      4,538      5,535      
97 J1272 1302324.9 353369.3 138.75 3,918      7,561      9,814      11,283    13,719    4,406      8,365      10,807    12,444    15,114    
98 J1293 1304693.4 358652.7 142.48 3,977      7,660      9,948      11,445    13,918    4,486      8,492      10,975    12,644    15,354    
99 J1315 1309703.6 361841.0 154.54 4,143      7,924      10,297    11,862    14,421    4,656      8,767      11,345    13,088    15,904    

100 J1322 1308337.2 366942.3 156.79 4,167      7,960      10,341    11,915    14,480    4,681      8,803      11,393    13,145    15,969    
101 J7 1309703.6 372408.0 159.72 4,193      7,989      10,374    11,954    14,521    4,709      8,835      11,435    13,196    16,025    
102 J1351 1310705.6 379057.9 165.08 4,262      8,100      10,521    12,129    14,732    4,781      8,950      11,589    13,380    16,246    
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Hydrologic Results for Chartiers Creek HEC-HMS Model

x y  2-Year  10-Year  25-Year  50-Year  100-Year  2-Year  10-Year  25-Year  50-Year 100-Year
2020 Discharges with No Future SWMHEC-HMS 

Node
Discharge 

Point
Cumulative 
Area (mi2)

Coordinates 2010 Discharges with Existing SWM

103 J1384 1308246.1 384887.9 193.90 4,548      8,663      11,233    12,942    15,641    5,111      9,575      12,392    14,304    17,292    
104 J1406 1308337.2 387256.4 197.49 4,586      8,726      11,318    13,043    15,763    5,151      9,641      12,482    14,411    17,421    
105 J1411 1314349.4 389989.2 199.48 4,603      8,755      11,357    13,092    15,824    5,169      9,671      12,523    14,463    17,486    
106 J1416 1315715.8 390353.6 212.44 4,772      9,027      11,716    13,518    16,335    5,345      9,954      12,902    14,914    18,031    
107 J1423 1317173.3 392631.0 214.44 4,767      9,034      11,730    13,538    16,362    5,348      9,969      12,930    14,953    18,080    
108 J1437 1317446.6 395181.6 216.02 4,764      9,038      11,739    13,553    16,380    5,351      9,980      12,950    14,983    18,116    
109 J1445 1313985.0 396548.0 256.38 5,297      10,753    15,019    17,702    20,866    5,916      12,480    17,042    19,946    23,468    
110 J1452 1314622.7 397276.8 257.51 5,304      10,738    14,989    17,664    20,825    5,926      12,450    16,997    19,894    23,414    
111 USGS 03085500 1314987.1 397459.0 257.53 5,302      10,714    14,953    17,619    20,774    5,925      12,420    16,956    19,844    23,359    
112 J1469 1317355.5 400191.8 263.62 5,338      10,682    14,878    17,526    20,692    5,976      12,323    16,819    19,689    23,217    
113 J1480 1320179.4 403106.8 266.41 5,337      10,530    14,655    17,256    20,401    5,987      12,126    16,550    19,382    22,894    
114 J1497 1318539.7 404928.7 268.14 5,347      10,526    14,641    17,247    20,402    6,000      12,111    16,526    19,367    22,891    
115 USGS 03085550 1319815.1 411578.6 269.57 5,356      10,543    14,660    17,274    20,440    6,012      12,124    16,542    19,391    22,928    
116 J1521 1318448.6 413127.2 271.51 5,361      10,434    14,461    17,029    20,164    6,021      11,978    16,299    19,103    22,613    
117 J9 1318995.2 419230.5 273.42 5,379      10,483    14,524    17,106    20,255    6,040      12,025    16,361    19,177    22,701    
118 J1532 1325554.0 420323.7 276.23 5,354      10,211    14,038    16,557    19,727    6,032      11,674    15,837    18,594    22,136    
119 J_Outlet_Chartiers 1328241.3 420779.1 276.56 5,342      10,206    13,846    16,309    19,465    6,026      11,571    15,619    18,317    21,838    
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Calibration Results for Chartiers Creek HEC-HMS Model
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Calibration Results for Chartiers Creek HEC-HMS Model

Existing Condition Flows for 
Chartiers Creek Upstream of Confluence with the Ohio River
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Appendix B – Supporting Calculations for 

the Design Example 

 
The Model Ordinance has been developed to implement a 

variety of control standards in order to achieve a holistic 

approach to stormwater management.  The overall design 

process has been addressed in Section VIII of this Plan.  The 

following example calculations have been provided to 

further clarify the design method.  These calculations 

parallel the calculations that are made on the worksheets 

provided in the Pennsylvania Stormwater Best 

Management Practices Manual (PA BMP Manual) a copy 

of which are provided at the back of this appendix. 

SUPPORTING CALCULATIONS - DESIGN EXAMPLE 1 

NON-STRUCTURAL BMP CREDITS 

Protect Sensitive Natural Resources 

(Refer to Worksheet 2 & Worksheet 3) 

Stormwater Management Area  =   Total Drainage Area – Protected Area 

                                                         =   9.78 – 1.31(woods) – 0.37 (minimum disturbance) 

                                                      =   8.1-Acres 

 

This is the total area used for pre-development and post-development volume calculations. 

Minimum Soil Compaction 

(Refer to Worksheet 3) 

Lawn Area (post development) protected from compaction = 16,165-ft2 

16,165-ft2 x 1/4” x 1/12 = 337-ft3 

 

To be eligible for this credit, areas must not be compacted during construction and be 

guaranteed to remain protected from compaction.  Minimum soil compaction credits for lawn 

area (Open Space) are applicable for this example because specific measures were utilized to 

protect the back yard lawn areas of Lots 9 & 10 and this area has been placed in a permanent 

minimum soil compaction easement.  Credits for the meadow area can be applied for areas 

that are not disturbed during construction and will remain in pre-development vegetated 

cover condition. 

Disconnect Non-Roof Impervious to Vegetated Areas 

(Refer to Worksheet 3) 

Lot Impervious Area = 10 (Lots) x 1,000 (ft2/lot) = 10,000-ft2. 

10,000-ft2 x 1/3” x 1/12 = 278-ft3 

 

This credit is applied for the impervious surfaces (driveways and sidewalks) which direct runoff 

to vegetated surfaces and not directly into a stormwater collection system.  The 1/3” credit is 

used because runoff discharges across the lawn area and is received by rain gardens, which 
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are structures specifically placed to receive and infiltrate runoff.  The 1/4” credit would be used 

for runoff not discharged to a specific infiltration structure or an area that has been protected 

from soil compaction. 

Summation of Non-Structural BMP Credits 

= 337-ft3 + 278-ft3 = 615-ft3 

 

CHANGE IN RUNOFF VOLUME FOR THE 2-YEAR STORM EVENT 

(Refer to Worksheet 4) 

2-year, 24-hour Rainfall Depth = 2.76” 

Pre-Development 2-yr Runoff Volume = 5,682 ft3 

Post-Development 2-yr Runoff Volume = 18,281 ft3 

Change in Runoff Volume for the 2-year, 24-hour storm event: 

= 18,2813-ft3 – 5,682-ft3 = 12,599-ft3 

This is the volume that must be managed through a combination of non-structural BMP credits 

and structural BMP credits. 

25% LIMIT FOR NON-STRUCTURAL BMP CREDITS 

(Refer to Worksheet 5) 

Per Chapter 8 of the Pennsylvania Stormwater BMP Manual, Non-Structural Credits may be no 

greater than 25% of the total required control volume. 

Check 25% Non-Structural Credit Limit: 

= 615-ft3 / 12,599-ft3 = 4.9% 

 

Calculated credits are under the allowable 25% limit for non-structural credits. 

STRUCTURAL CONTROL VOLUME REQUIREMENT 

(Refer to Worksheet 5) 

Required Structural BMP infiltration volume: 

= Change in Runoff Volume – Non-Structural BMP Credits 

= 12,599-ft3 – 615-ft3 = 11,984-ft3 

 

STRUCTURAL BMP VOLUME CREDITS 

 The sizing of structural infiltration BMPs is based on two primary criteria: 

1. Maximum loading ratios – There are two different loading ratios that are important when 

determining the size of a structural BMP.  These ratios are derived from guidelines found in 

the Pennsylvania Stormwater BMP Manual. 

a. Maximum loading ratio of Impervious Area to Infiltration Area = 5:1  

b. Maximum loading ratio of Total Drainage Area to Infiltration Area = 8:1 
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2. Expected runoff volume loading – Structural BMPs must be sized to accommodate the 

runoff volume they are expected to receive from the contributing drainage area.  Some 

of this volume will be removed and the remainder must be safely conveyed through an 

overflow device.  The removed volume, or infiltration volume, is the important 

component for sizing the infiltration BMP.  A good starting point for infiltration volume is to 

calculate the contributing area runoff volume for the 2-year, 24-hour design storm.  This 

volume may not be suitable for a particular site design, but starting with this volume will 

usually result in a design that is close to what is appropriate, and it can be adjusted as 

necessary.  Additional design restrictions may exist for certain BMPs, so these should be 

considered prior to using this sizing method. 

 

Dry Wells 

(Example calculations shown for Lot #1;  Refer to Worksheet 5A for additional calculations) 

Surface Area: 

Find the minimum dry well surface area for each lot based on the maximum loading ratios. 

Maximum impervious area to infiltration area loading ratio = 5:1 (3:1 for Karst areas) 

Tributary impervious area = 2,150-ft2 (typ.) 

= 2,150-ft2 / 5 = 430-ft2  

= minimum surface area of dry well per impervious loading ratio 

 

Maximum total drainage area to infiltration area loading ratio = 8:1 

Total drainage area = 2,590-ft2 (typ.) 

= 2,590-ft2 / 8 = 324-ft2  

= minimum surface area of dry well per pervious loading ratio 

 

The larger of the two calculated areas is the total minimum surface area required for each lot.  

An individual dry well is placed at each of the four major corners of the house to promote 

distribution of impervious area runoff.  However, the total surface area is used throughout the 

remaining volume credit calculations for simplicity.  The surface area of each dry well is 

calculated below: 

Total Minimum Dry Well Surface Area ÷ Number of Dry Wells 

=430 ft2 / 4 = 107.5-ft2 

  

Each dry well will be 10’ x 11’ to meet the minimum surface area requirements. 

   

Volume: 

Find the infiltration volume for each dry well based on the expected runoff volume. 

Land Use 

Soil 

Type 
Area Area CN S Ia 

Runoff 

Depth2-yr 

Runoff 

Volume2-yr 

(HSG) (sf) (acres)     (0.2*S) (in) (ft3) 

Open Space (good) B 110 0.00 61 6.393 1.279 0.28                   3  

Impervious B 540 0.01 98 0.204 0.041 2.53              114  

TOTAL:     650 0.01       2.81 116 

 

Runoff volume = 116-ft3 
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Depth: 

Each dry well will be filled with aggregate.  The in-place aggregate will have a 40% voids ratio; 

therefore the volume is divided by the available void space to get a total volume. 

Depth = Total Volume / Surface Area 

= (116-ft3 / 0.40) / 110-ft2 = 2.64-ft or approximately 2’-8” 

 

An overflow spillway or drain is then sized to convey any runoff that exceeds the design volume 

to the peak rate management facility. 

Rain Gardens 

(Example calculations shown for Lot #1;  Refer to Worksheet 5A for additional calculations) 

Surface Area: 

Find the minimum surface area for each rain garden based on the maximum loading ratios. 

Maximum impervious area to infiltration area loading ratio = 5:1 (3:1 for Karst areas) 

Tributary impervious area = 1,000-ft2  

= 1,000-ft2 / 5 = 200-ft2 

= minimum surface area of rain garden per impervious loading ratio 

 

Maximum total drainage area to infiltration area loading ratio = 8:1 

Total drainage area = 6,000-ft2 (typ.) 

= 4,775-ft2 / 8 = 597-ft2  

= minimum surface area of rain garden per pervious loading ratio 

 

The larger of the two calculated areas is the minimum surface area required for the facility. 

  Minimum Rain Garden Surface Area = 597-ft2 

 

Depth: 

Design guidelines, from the PA BMP Manual, for rain gardens limit ponding depth within the 

facility to 12 inches or less.  The rain gardens in this example have been designed with a total 

ponding depth of 12 inches.  The overflow outlets are positioned 6 inches above the bottom 

elevation of the rain gardens and 6 inches of freeboard is provided above the overflow outlets.   

Volume: 

The total detention volume of the rain garden is calculated by multiplying the surface area of 

the rain garden by the total depth.  The 6 inches of water below the overflow outlet will be 

infiltrated and the remaining depth is used as short-term retention while flow is regulated 

through the overflow device.   When calculating the infiltration volume, the bottom surface 

area of the BMP must be used. 

Infiltration Volume = Surface Area x Depth 

 = 700-ft2 x 0.5-ft = 350-ft3 

  

Bioretention 

(Refer to Worksheet 5A for additional calculations) 

Surface Area: 

Find the minimum surface area for the bioretention facility based on the maximum loading 

ratios. 
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Maximum impervious area to infiltration area loading ratio = 5:1 (3:1 for Karst areas) 

Tributary impervious area = 9,700-ft2 (typ.) 

= 9,700-ft2 / 5 = 1,940-ft2  

= minimum surface area of Infiltration Trench per impervious loading ratio 

 

Maximum total drainage area to infiltration area loading ratio = 8:1 

Total drainage area = 41,400-ft2  

= 41,400-ft2 / 8 = 5,175-ft2  

= minimum surface area of Infiltration Trench per pervious loading ratio 

 

The larger of the two calculated areas is the minimum surface area required for the facility. 

  Minimum Infiltration Trench Surface Area = 5,175-ft2 

Depth: 

The bioretention facility in this example has been designed with a total depth of 18 inches.  The 

overflow outlets are positioned 6 inches above the bottom elevation, and 12 inches of 

freeboard is provided above the overflow outlets.   

Volume: 

The total detention volume of the bioretention facility is calculated by multiplying the surface 

area by the total depth.  The 6 inches of water below the overflow outlet will be infiltrated and 

the remaining depth is used as short-term retention while flow is regulated through the overflow 

device.   When calculating the infiltration volume, the bottom surface area of the BMP must be 

used. 

Infiltration Volume = Surface Area x Depth 

= 5,175-ft2 x 0.5-ft = 2,487.5-ft3 

   

STRUCTURAL CONTROL VOLUME REQUIREMENT CHECK 

(Refer to Worksheet 5) 

Check the total structural volume to be certain it is adequate to meet the structural volume 

requirement. 

= Total Structural Volume - Structural Volume Requirement 

=14,613-ft3 – 11,984-ft3 = 2,629-ft3 

 

The structural volume requirement has been exceeded by 2,629-ft3 and no further BMP 

calculations are necessary. 
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PEAK RATE CONTROL ANALYSIS 

According to the National Engineering Handbook (NRCS, 2008), the direct runoff for watersheds 

having more than one hydrologic soil-cover complex can be estimated in either of two ways.  

Runoff can be estimated for each complex and then weighted to get the watershed average.  

Alternatively, the CN values can be weighted, based on area, to obtain a single CN value to 

represent the entire drainage area.  Then runoff is estimated with the single CN value.  If the CN 

for the various hydrologic soil-cover complexes are close in value, both methods of weighting 

give similar results for runoff.  However, if there exists a large difference in curve number value, 

the CN weighting method can provide drastically different results. 

As described in the National Engineering Handbook, “the method of weighted runoff always 

gives the correct result (in terms of the given data), but it requires more work than the weighted 

CN method, especially when a watershed has many complexes.  The method of weighted CN is 

easier to use with many complexes or with a series of storms.  However, where differences in CN 

for a watershed are large, this method either under- or over-estimates runoff, depending on the 

size of the storm.”  This often occurs when impervious area exists in a subarea.  When the 

relatively low curve number of lawn areas is combined with the high curve number of impervious 

areas, the weighted CN method will minimize the impact of the impervious surface and under-

estimate the amount of runoff. 

The spatial distribution of the different soil-cover complexes becomes the controlling factor in 

selection of the appropriate method.  When different land uses behave as independent 

watershed the areas should be analyzed as separate drainage subareas.  For example, when a 

large parking area is surrounded by lawn area that all flows to the same collection point, runoff 

from the impervious surface will occur much differently than runoff from the lawn.  However, 

when impervious area is dispersed amongst other land uses and not directly connected to a 

stormwater collection system, the weighted CN method may be appropriate.  The decision of 

whether or not to use a weighted curve number is often a site specific judgment that should be 

discussed between the designer and the Municipal Engineer in the early planning stages of a 

project. 

Pre-Development Soil-Cover Complex Data 

Because the wooded area along the north property line will remain unchanged, and will not 

be tributary to the stormwater facilities, this area has been removed from the peak rate 

analysis drainage areas.  The weighted CN method was used for pre-development 

calculations in this example because Curve Numbers for the hydrologic soil-cover complexes 

are close in value.  The drainage area and land cover information necessary to calculate the 

pre-development runoff is shown in the table below: 

Land Use 
Soil Type 

(HSG) 
Area (ft2) 

Area 

(acres) 
CN 

Woods (good) B 42,500 0.98 55 

Meadow B 310,255 7.12 58 

TOTAL:   352,755 8.10 58 

 

Pre-Development Time of Concentration 

The Model Ordinance requires use of the NRCS Lag Equation for all pre-development time of 

concentration calculations unless another method is pre-approved by the Municipal Engineer. 
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Where:  

Tlag = Lag time (hours) 

L = Hydraulic length of the watershed (feet) 

Y = Average overland slope of watershed (percent) 

S = Maximum retention in the watershed, as defined by:  S = [(1000/CN) – 10] 

CN = NRCS Curve Number for the watershed 

 

Lag time is related to time of concentration by the following equation: 

 

Time of Concentration = Tc = [(Tlag/.6) * 60] (minutes) 

 

One method of calculating the average overland slope of a watershed is to select locations 

that represent the various slopes found in the watershed and weight the slope based on the 

area it represents.  This method is shown in the table on the following page. 

Slope End Elevation Distance Slope Percent of Product 

Line High Low (ft) (%) Total Area (% x %) 

AA 909 902 148 4.7% 5% 0.24% 

BB 941 909 475 6.7% 50% 3.37% 

CC 956 942 245 5.7% 15% 0.86% 

DD 960 943 180 9.4% 15% 1.42% 

EE 943 930 265 4.9% 15% 0.74% 

          Sum of Products = 6.61% 

 

This is an estimation of the land slope value, so the calculated number is rounded to the 

nearest whole number for use in the Lag Equation.  The hydraulic length of the watershed was 

measured at 1050 ft.  Therefore,  

71900

1)10)/1000(
)1050(

7.0

8.0 CN
Tlag

 

Tlag = 0.23 hours 
 

Time of Concentration =   TC  = (Tlag / 0.6) * 60 

    = (0.23 / 0.6) * 60  

    = 23 minutes 

 

Pre-Development Peak Rate Flows 

All of this information was used to perform a pre-development peak rate analysis using a 

software package based on the NRCS TR-20 procedures.  The results of the analysis are as 

follows: 

  1-year 2-year 10-year 25-year 50-year 100-year 

Peak Runoff Flows (cfs) 0.1 0.6 4.1 7.6 11.1 15.3 

 Runoff Volume (ac-ft)  0.060 0.136 0.449 0.726 0.997 1.322 

Runoff Depth (in) 0.09 0.20 0.66 1.08 1.48 1.96 

Table B.1.  Pre-Development Runoff Summary 
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Post-Development Soil-Cover Complex Data 

Due to the disconnection of impervious areas and overland flow paths used in this design, the 

area weighted CN method was deemed appropriate and used to reduce the complexity of 

the model.  The drainage area and land cover information for the drainage sub-area directly 

tributary to the bioretention facility is shown in the table below: 

Land Use 
Soil Type 

(HSG) 
Area (ft2) 

Area 

(acres) 
CN 

Lawn (good condition) B 9,700 0.22 61 

Impervious B 31,700 0.73 98 

TOTAL:   41,400 0.95 70 

 

Post-Development Time of Concentration 

The Segmental Method was used for all post-development time of concentration calculations 

in this example.  This method is covered in more detail in various NRCS publications (NRCS, 

1986; NRCS, 2008).  The following segments were used to calculate a time of concentration for 

the drainage sub-area directly tributary to the bioretention facility: 

Tt-1:  Sheet flow, 100' of lawn at 5% = 10.7 min 

Tt-2:  Shallow concentrated flow, 110' unpaved at 5.9% = 0.5 min 

Tt-3:  Channel flow, 80' at 4.0% = 0.2 min 

Tt-4:  Channel flow, 156' at 3.85% = 0.5 min 

Tt-5:  Pipe flow, 38' of 15” HDPE pipe at 5.2% = 0.1 min 

 

Tc = Tt-1 + Tt-2 + Tt-3 + Tt-4 + Tt-5 = 12 minutes 

 

Post-Development Peak Rate Flows 

The hydrologic model for this example contains a considerable level of detail.  Each structural 

BMP was modeled as a pond with a unique drainage area and time of concentration.  Runoff 

was routed through each BMP and linked to downstream BMPs for subsequent routing.  A 

detention basin with an outlet control structure was also added to the model.  A graphical 

representation of the model is provided in Figure B.1. 
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Figure B.1.  Hydrologic Model of Post-Development Conditions 

 

This model was used to estimate the post-development peak rate flows.  The final configuration 

of the outlet structure was completed through an iterative process using the results of the 

model runs.  This design meets the peak rate control requirements through a combination of 

volume removed by the structural `BMPs and the detention basin and outlet control structure.  

Table B.2 shows a summary of the runoff results for the final post-development design: 

  1-year 2-year 10-year 25-year 50-year 100-year 

Peak Runoff Flows (cfs) 0.1 0.4 4.1 7.4 10.6 15.2 

 Runoff Volume (ac-ft)  0.079 0.147 0.445 0.717 1.011 1.367 

Runoff Depth (in) 0.12 0.22 0.66 1.06 1.50 2.03 

Table B.2.  Summary of Post-Development Runoff with Stormwater Controls 
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INITIAL CONSTRUCTION COST - DESIGN EXAMPLE 

Initial construction costs were estimated for each layout.  The estimates include the costs incurred 

by the developer to complete earthwork, paving and curbing, and stormwater management 

facilities.  All of these costs are summed to determine an initial construction cost for these 

facilities.  This cost was then divided by the total sellable acreage of the project to determine a 

cost / sellable  acre for each layout. 

Estimate of Initial Construction Cost 

Mill Run Residential – Traditional Layout 

ITEM 

NO. 
ITEM & DESCRIPTION EST. UNIT UNIT PRICE EXTENSION 

     EARTHWORK Subtotal =  $          23,950  

1 Clearing & Grubbing 2.3 AC $   6,000.00  $          13,800  

2 Topsoil Removal/Stockpiling 5.8 AC $   1,750.00  $          10,150  

     STORM DRAINAGE Subtotal =  $        102,769  

3 Storm Sewer, 18" HDPE           600  LF  $        55.00   $          33,000  

4 Storm Inlets             7  EA  $   2,100.00   $          14,700  

5 Swales          490  LF  $        10.00   $           4,900  

6 Install Detention Basin       1,525  CY  $        25.00   $          38,125  

7 Anti Seep Collars             2  EA  $      775.00   $           1,550  

8 Outlet Structure             1  EA  $   4,000.00   $           4,000  

9 Outlet Pipe, 18" HDPE           50  LF  $        55.00   $           2,750  

10 DW Endwall 24"             1  EA  $   2,750.00   $           2,750  

11 Rip Rap Apron          144  SF  $          6.90   $              994  

    PAVING & CURBING Subtotal =  $        138,657  

12 
Paving - Final Subgrade, 6" Stone, 

3" 19MM, 1-1/2" 9.5mm 
      2,325  SY  $        30.00   $          69,750  

13 Curbing w/Excavation & Backfill       1,465  LF  $        27.00   $          39,555  

14 Sidewalk plain w/4" - stone       4,285  SF  $          6.85   $          29,352  

Initial Construction Cost =  $        265,376  

Cost / Sellable Acre =  $          42,734  

Table B.3.  Estimate of Construction Cost for Residential Design Example (Traditional Layout) 
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Estimate of Initial Construction Cost 

Mill Run Residential – LID Layout 

ITEM 

NO. 
ITEM & DESCRIPTION EST. UNIT UNIT PRICE EXTENSION 

     EARTHWORK Subtotal =  $          14,925  

1 Clearing & Grubbing 1.0 AC  $   6,000.00   $            6,000  

2 Topsoil Removal/Stockpiling 5.1 AC  $   1,750.00   $            8,925  

     STORM DRAINAGE Subtotal =  $        114,172  

3 Swales       1,620  LF  $        10.00   $          16,200  

4 Storm Sewer, 18" HDPE           136  LF  $        55.00   $            7,480  

5 DW Headwall 18"             1  EA  $   2,750.00   $            2,750  

6 Storm Inlets             1  EA  $   2,100.00   $            2,100  

7 Install Detention Basin          600  CY  $        25.00   $          15,000  

8 Anti Seep Collars             2  EA  $      775.00   $            1,550  

9 Outlet Structure             1  EA  $   4,000.00   $            4,000  

10 Outlet Pipe, 18" HDPE           50  LF  $        55.00   $            2,750  

11 Level Spreader           44  LF  $          5.50   $              242  

12 Bioretention Area       5,175  SF  $        12.00   $          62,100  

    PAVING & CURBING Subtotal =  $          53,790  

13 
Paving - Final Subgrade, 6" 

Stone, 3" 19MM, 1-1/2" 9.5mm 
      1,645  SY  $        30.00   $          49,350  

14 Gravel Shoulder          370  SY  $        12.00   $            4,440  

Initial Construction Cost =  $        182,887  

Cost / Sellable Acre =  $          28,355  

Table B.4.  Estimate of Construction Cost for Residential Design Example (LID Layout) 

 

The cost of constructing the stormwater BMPs on each individual lot was not included in the 

comparison of initial construction costs.  This is a cost that will be borne by the owner of each 

individual lot.  This must be included in the cost comparison analysis.  Table B.5 shows an estimate 

of these costs. 

Estimate of Stormwater BMP Construction Cost 

Mill Run Residential – LID Layout  

ITEM 

NO. 
ITEM & DESCRIPTION EST. UNIT UNIT PRICE EXTENSION 

     STORMWATER BMPS     

1 Rain Gardens       6,740  SF  $        10.00   $          67,400  

2 Dry Wells          450  CY  $        32.00   $          14,400  

Construction Cost =  $          81,800  

Cost / Sellable Acre =  $          12,682  

Table B.5.  Estimate of Stormwater BMP Construction Cost 

 

Determining how this additional cost to homeowners will be reflected in the market value of 

developed land is presumptive at best.  For this example, we have assumed that some of the 

cost of constructing the stormwater BMPs will result in a dollar for dollar reduction in the market 

value of the sellable land.  So, the BMP construction cost per sellable acre is subtracted from the 

per acre market value price of the land. 



Appendix B – Supporting Calculations for the Design Example 

 

 

 Washington County Act 167 Stormwater Management Plan, Phase II Appendix B-18 

The initial construction cost is subtracted from the land sale value to determine the developers 

profit for each layout. 

Cost =  Land Sale Value - Initial Construction Cost 

 

Traditional Layout 

Cost = $310,500 - $265,376 

         = $45,124 

 

LID Layout 

Cost = $240,701 – $182,887 

         = $57,814 

 

The final cost comparison is completed by determining the difference in profit between the two 

layouts.  For this example, a total profit increase of $12,690 is realized by the developer using the 

LID layout with no additional cost to the individual homeowners. 
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Appendix C – Problem Area Conceptual 

Solutions 

 
 

All of the problem areas identified by the PAC members 

were visited by HRG and county staff to compile a 

database of locations and information.  The problem areas 

and obstructions were organized into seven categories.  A 

list of each problem area is included in Section V. 

The following pages show a sample Conceptual Solution 

for one of seven typical problem types in the County.  

These typical problems are listed below. 

Plate 7 shows the locations of all reported problem areas 

and obstructions throughout the county. 

 

PROBLEM AREA P24 – BANK EROSION 

 

OBSTRUCTION O21 – SEDIMENT BUILDUP/DEBRIS 

 

PROBLEM AREA P55 – FLOODING – INADEQUATE/NO DRAINAGE SYSTEM 

 

OBSTRUCTION O29 – FLOODING – INADEQUATELY SIZED BRIDGE/CULVERT 

 

PROBLEM AREA P33 – FLOODING – STREAM/FLOODPLAIN OBSTRUCTION 

 

PROBLEM AREA P07 – BRIDGE SCOUR 

 

PROBLEM AREA P14, OBSTRUCTION O14 – MINE DRAINAGE 

 

 



Municipality: ID: P24

Photos:

Streambank remediation, consisting of excavation of the steep streambank and armoring 

with riprap and woody plantings, is warranted downstream of the Parker Road bridge.   

The underlying problem for this stream is that the riparian zone (the vegetated area along 

the stream) was disturbed by the removal of native vegetation.  The grass planted on the 

cultivated land facilitates higher flow velocities during floods and its shallow root structure 

does not retain soil well.  This problem was evident through numerous farm fields for 

approximately a mile downstream.

Washington County Act 167 Plan

Note healthy streambanks 

upstream of the Parker Road 

bridge.  The vegetated 

floodplains slow floodwaters 

and help prevent streambank 

erosion.

Photo Description:

Conceptual 

Solution:

Cross Creek Township

Parker Rd near Sugar Camp intersection; Bank Erosion.Problem 

Description:

Photo Description:

Looking downstream from the 

Parker Road Bridge.  Eroded 

streambank exhibits sloughing 

in the farm field where riparian 

vegetation has been removed.

P:\0020\002071_0425\Admin\Phases & Tasks\SubTask B.4 - Conceptual Solutions for Prob Areas\Washington Conceptual Solutions.xls



Municipality: ID: O21

Photos: Photo Description:

Looking upstream at Buck Run.

Washington County Act 167 Plan

The bridge obstructs the flow of floodwaters and collects debris.  The debris should 

periodically be removed by the owner of the bridge as part of a regular maintenance 

program.

Debris has accumulated 

upstream of the Buck Run Road 

crossing.

Photo Description:

Conceptual 

Solution:

Donegal Township

Buck Run filled with tree limbs and debris.Problem 

Description:

P:\0020\002071_0425\Admin\Phases & Tasks\SubTask B.4 - Conceptual Solutions for Prob Areas\Washington Conceptual Solutions.xls



Municipality: ID: P55

Photos:

Conceptual 

Solution:

Canonsburg Borough

During floods, the drainage structures along Walter's Alley likely get surcharged by high 

water in the stream.  During severe floods, water from the stream may  overtop the banks 

and inundate the alley and the buildings across the alley.  This situation is fairly typical in 

urban settings in the county.  Property owners should be encouraged to refrain from 

building in the floodplain, and not to place objects that may get mobilized by floodwaters 

along the stream.  To prevent the alley from flooding, the grade of the road needs to be 

raised above flood stage.  State and Federal permits are required for work in floodplains.

Stormwater flooding of Walter's Alley behind Craighead Street.Problem 

Description:

Photo Description:

View along Walter's Alley.  The 

creek flows parallel to the alley 

just on the other side of the 

trees on the left.  Note that the 

items along the stream and the 

garages are likely in the 

floodplain.  These obstructions 

likely exacerbate flooding 

upstream.

Washington County Act 167 Plan

Looking upstream.  Walter's 

Alley is to the left of the frame.

Photo Description:

P:\0020\002071_0425\Admin\Phases & Tasks\SubTask B.4 - Conceptual Solutions for Prob Areas\Washington Conceptual Solutions.xls



Municipality: ID: O29

Photos:

Undersized crossing on Sabo Road causes flooding upstream.Problem 

Description:

Photo Description:

Downstream face of Sabo Road 

Bridge.

Washington County Act 167 Plan

This bridge may be undersized.  The bridge opening may need to be increased to provide 

an adequate level of flood protection for a low-use local road.

Upstream face of Sabo Road 

Bridge.

Photo Description:

Conceptual 

Solution:

Mount Pleasant Township

P:\0020\002071_0425\Admin\Phases & Tasks\SubTask B.4 - Conceptual Solutions for Prob Areas\Washington Conceptual Solutions.xls



Municipality: ID: P33

Photos:

Washington County Act 167 Plan

Catfish Creek flows through a heavily urbanized section of the county.  Flooding of 

properties is not surprising due to numerous structures built in the floodplain.  A 

campaign to acquire properties along the stream and restore a healthy riparian zone 

would greatly improve the stream, but it would be prohibitively expensive.  Small 

remediation projects could rehabilitate eroded streambanks and remove obstructions 

from the stream channel and floodplains.

Catfish Creek is conveyed 

beneath this structure and is 

constrained by a concrete wall 

on one side and a steep slope 

on the other side.

Photo Description:

Conceptual 

Solution:

City of Washington

Catfish Creek needs stream remediation along its entire length.Problem 

Description:

Photo Description:

Looking downstream at a 

footbridge across Catfish 

Creek.  The bridge acts as an 

obstruction during storms and 

collects debris.

P:\0020\002071_0425\Admin\Phases & Tasks\SubTask B.4 - Conceptual Solutions for Prob Areas\Washington Conceptual Solutions.xls



Municipality: ID: P07

Photos:

Scouring of bridge abutment causing weakening of structure along 

Whitehall Road.

Problem 

Description:

Photo Description:

The single-lane Whitehall Road 

bridge has been closed to all 

traffic.

Washington County Act 167 Plan

This bridge needs to be replaced.  The new abutments need to extend beneath the depth 

of expected scour, or the streambanks through the bridge need to be armored against 

erosion and scour.

Cut stone abutment shows 

signs of severe scouring.  Note 

how the stone courses dip 

toward the middle.  The 

foundation of the abutment may 

have been undercut by scour.

Photo Description:

Conceptual 

Solution:

West Pike Run Township

P:\0020\002071_0425\Admin\Phases & Tasks\SubTask B.4 - Conceptual Solutions for Prob Areas\Washington Conceptual Solutions.xls



Municipality: ID: P14, O14

Photos:

Washington County Act 167 Plan

If the railroad bridge causes flooding, it should be removed and the streambanks should 

be restored.  The orange color of the water indicates AMD.  The source of the minerals 

that are impairing the stream should be traced, and a series of passive treatment ponds 

should be designed and installed.  DEP has programs in place to identify and treat AMD 

near its source.

Downstream face of abandoned 

railroad bridge.

Photo Description:

Conceptual 

Solution:

Burgettstown Borough

The unused railroad bridge obstructs flood flow.  Also, the stream 

appears to be affected by Abandoned Mine Drainage (AMD).

Problem 

Description:

Photo Description:

Upstream face of abandoned 

railroad bridge.

P:\0020\002071_0425\Admin\Phases & Tasks\SubTask B.4 - Conceptual Solutions for Prob Areas\Washington Conceptual Solutions.xls
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Appendix D – Natural Resource 

Activities Impacting Water Quality 

 
As demonstrated throughout this Plan, land use is a key 

factor in both the generation and control of stormwater 

runoff.  In Pennsylvania, most types of land use can be 

regulated by the county or local government through 

land use ordinances (e.g. zoning).  However, the 

Pennsylvania Municipalities Planning Code (MPC) limits 

local government control of certain land use 

categories.  Certain types of natural resource activities 

such as agriculture, forestry, and mining are among the 

land uses protected by the MPC.  Two land use 

categories that fall within this category were identified 

by the Plan Advisory Committee, and the municipalities 

they represent, as land uses that greatly affect the water resources of the county – timber 

harvesting and oil and gas wells. 

Amendments made to the Pennsylvania Municipalities Planning Code by Act 67 and Act 68 of 

2000, limit the regulatory control of municipalities on forestry and timber harvesting.  The  

amendments specify Forestry activities and timber harvesting as “permitted uses by right” in all 

zoning districts in every municipality.  The MPC amendments further clarify that zoning ordinances 

may not unreasonably restrict forestry activities. 

Oil and gas well development in Pennsylvania is regulated by several chapters of the 

Pennsylvania Code and various state acts.  The state’s oil and gas laws (Oil and Gas Act – Act 

223, Coal and Gas Resource Coordination Act – Act 214, and Oil and Gas Conservation Law – 

Act 359), as well as environmental protection laws that include the Clean Streams Law, the Dam 

Safety and Encroachments Act, the Solid Waste Management Act, and the Water Resources 

Planning Act delegate the authority to regulate these activities to DEP, while limiting the 

regulatory control of municipalities. 

FORESTRY IN PENNSYLVANIA 

According to U.S. Forest Service 

inventories, forest once covered 

more than 90% (27.3 million acres) 

of Pennsylvania’s land area in the 

pre-European settlement era 

(1630s).  By the early 1900s, 

industrial timber harvesting and 

agricultural land clearing had 

diminished the forest land base to 

only 32% (9.2 millions acres).  

Forest land increased steadily 

from that point forward and has 

been relatively stable, at 58% of 

Pennsylvania’s total area, for the 

last quarter century.  Although no significant net change in total area has occurred, there have  

 
Change in Forest Land Area, 1989-2004 (McWilliams et al., 2007) 
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been losses of acreage to development, agriculture and mining.  These losses have been offset 

by agricultural and other lands naturally reverting back to forests.  Slightly more than 70% of the 

nearly 17 million acres of forests in the state are privately owned, with only a small percentage (< 

5%) owned by forest product companies.  The remaining 30% of the forest land in Pennsylvania is 

owned by state and federal government entities. 

Pennsylvania is known throughout the world as a leading source of high quality hardwood 

products.  The state leads the nation in the production of hardwood lumber (typically more than 

one billlion board feet), accounting for about 10% of the country’s annual production 

(Pennsylvania Forest Products Association, 2008).  Pennsylvania also ranks nationally in the 

production of value added wood products such as millwork and flooring; kitchen cabinets; 

pallets and containers. 

The forest products industry is important in Pennsylvania, where it accounts for 11% of all 

manufacturing jobs.  The forest products industry has a significant impact on the state’s 

economy.  In 2005, the state’s annual forest product industry sales was $16.7 billion.  The total 

economic impact of the forest product industry in the state was $24.7 billion.  Three-quarters of 

this economic impact was generated by sectors depending on locally harvested hardwood 

timber (Pennsylvania Forest Products Association, 2008).  In 2006, there were 2,420 forest prduct 

establishments in Pennsylvania, employing 79,910 individuals.  In many rural parts of the state the 

forest products industry is the primary source of economic activity. 

FORESTRY IN WASHINGTON COUNTY 

Although it is not a dominant sector, the wood products industry provides important economic 

opportunities in the county.  In 2007, there were 26 wood products establishments employing 

between five hundred and one thousand people (U.S. Census Bureau, 2008).  Timber 

management encourages the preservation of open space.  Through timber harvesting, forests 

are able to provide landowners with income that can be an incentive for them to maintain 

woodland on their property.  According to a study conducted by the American Famland Trust, 

timberland and farmland yield an average of $3 in taxes for every $1 in required governmental 

services, while residential land costs $1.11 in services for every $1 collected in tax revenue (The 

Pennsylvania State University, 2004).  Additionally, municipalities with publicly owned State Forests, 

State Game Lands, and State Parks within their borders receive “in lieu of tax” payments from the 

Commonwealth. 

FORESTRY ACTIVITIES AFFECTING WATER QUALITY  

As discussed in Section IX - Water Quality Impairments and Recommendations, forestry is one of 

the basic sources of nonpoint source pollution.  On a national level, forestry management 

activities are estimated to contribute approximately 9 percent of the water quality problems in 

surveyed rivers and streams (EPA, 1996).  Water quality concerns related to forestry were 

addressed in the 1972 Federal Water Pollution Control Act Amendments and later, more 

comprehensively, as nonpoint sources under section 208 of the 1977 Clean Water Act and 

section 319 of the 1987 Water Quality Act. 

Forestry is listed as the primary cause for impairment in 0.02% of all non-attaining stream miles in 

Pennsylvania.  There are no stream segments in Washington County listed on the 2009 Integrated 

List of All Waters as non-attaining, with forestry as the primary source of impairment.  However, this 

does not mean that the potential impacts of forestry operations on water quality can be 

neglected.  Local impacts of timber harvesting and road construction can be severe, especially 

in smaller headwater streams.  Many activities associated with forest management can increase 

the potential for erosion to occur.  For this reason, sediment is the primary pollutant of concern 
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associated with forestry activities.   Other pollutants include nutrients, organic matter, chemicals 

and others.  The fundamental forestry activities with the potential to affect water quality include 

road construction and use, timber harvesting, mechanical equipment operation, and forest 

management. 

ROAD CONSTRUCTION AND USE  

Roads are considered to be the major source of sediment from forested lands.  The 

comparatively small area of roads contributes the vast majority of the total sediment produced 

from forestry operations.  The greatest potential for erosion from roads occurs during road 

construction and during the first few years afterward.  The potential for erosion on forest roads is 

particularly high because they are exposed to direct rainfall, they are not protected by 

vegetative cover, road surfaces tend to channelize runoff, and vehicle traffic continually disturb 

the road surface.   Erosion potential is greatly increased when roads are built on cut or fill slopes, 

when built on steep slopes, and when they are not stabilized with stone or some other means. 

Compacted road surfaces also generate increased runoff which compounds erosion problems.  

Other negative impacts of forest roads include concentrated overland flow on the road surface 

and in channels, point discharges created by culvert road crossings, and altered subsurface 

water flow. 

TIMBER HARVESTING 

Timber harvesting involves many activities that alter the forest landscape.  Erosion and 

sedimentation resulting from these alterations is the primary concern associated with timber 

harvesting.  Facilities used for timber harvesting such as staging (or yarding) areas, skid trails, and 

access roads are susceptible to increased erosion.  These facilities are also at high risk for 

pollutants such as petroleum products, lubricants, herbicides, pesticides, and other chemicals 

associated with timber harvesting operations.   Many detrimental effects of harvesting are 

related to the access and movement of vehicles and machinery.  These effects include soil 

disturbance, soil compaction, and direct disturbance of stream channels. 

Landscape changes that occur as a result of harvesting can also negatively impact water 

quality.  Timber harvesting disturbs forest litter and changes the vegetative cover which alters the 

hydrologic response of a watershed.  This can lead to increased runoff and erosion.  Removing 

trees from riparian areas disturbs the sensitive ecosystem, exposes the area to pollutants 

associated with machinery, and reduces shade which can increase water temperatures.  Utilizing 

appropriate timber harvesting and transport practices techniques for a given site can drastically 

decrease sediment production from these activities. 

FOREST MANAGEMENT 

Forest management activities such as site preparation for regeneration of harvested sites, 

prescribed burning, herbicide and pesticide application, and fertilizer application have the 

potential to negatively affect water quality.  Sites that have been intensely harvested can be 

prepared for regeneration using wheeled or tracked machinery, by prescribed burning, through 

application of chemicals (i.e. herbicides), or a combination of these methods.  These techniques 

can disturb the soil over large areas, remove vegetation and forest litter, and compact soil.  All of 

these leave the area vulnerable to increased erosion and sedimentation. 

FORESTRY POLLUTANTS AND IMPAIRMENTS 

Nearly all forestry activities increase the potential for erosion and sediment delivery to streams.  

Some of these activities have long-term effects (e.g. road building and clear-cutting), while the 

impacts of others diminish within a few years of the occurrence.  Erosion and sedimentation is the 
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primary water quality concern related to forestry activities.  Sedimentation is closely related to 

nutrient transport.  Nutrients that are immobilized in forest soils are transported along with the 

sediment to surface waters through erosion.  Other water quality pollutants resulting from forestry 

activities include organic debris, nutrients, chemicals, temperature, and flow variability.  These 

pollutants, how they are generated through forestry activities, and their potential impacts on the 

county’s waters are discussed below. 

SEDIMENT 

Sediment is often the primary pollutant associated with forestry activities.  Accelerated overland 

erosion often occurs in harvested areas due to vast areas that are destabilized by removal of 

vegetation.  Erosion of these areas discharges sediment and fine silt particles into receiving 

streams.  Sediment transported to waterbodies by erosion can be particularly detrimental to the 

stream ecosystem, especially to many fish species.   Suspended sediments in runoff increase 

water turbidity limiting the ability of sight-feeding fish to find and obtain food.  In addition, the 

increased turbidity limits the depth to which light can penetrate and adversely affecting aquatic 

vegetation, increase water temperatures and lower dissolved oxygen concentrations.   These 

effects also compromise recreational values. 

When suspended sediment settles, it can fill gravel spaces in streambeds, destroying fish 

spawning areas and food sources.  With large areas of accumulated sediment, the flow 

capacity of stream channels are reduced.  The in stream storage capacity is also reduced, 

which leads to increasing flooding and decreased water supplies.  In addition, nutrients and 

other pollutants may become adsorbed to sediment particles and be subsequently transported 

downstream.  

ORGANIC DEBRIS 

Organic material is an important part of a balanced ecosystem.  Organic debris includes plant 

matter, residual logs, leaves, twigs and other forest litter.  This material serves as a source of 

enefgy and provides nutrients for plants and animals.  This is the primary source of nutrients for 

headwater streams, where upstream sources of nutrients are limited.  Forestry activities can upset 

the balance of organic material by creating excess debris during timber havesting or by creating 

a debris shortage during site preparation for regeneration or by over harvesting in the riparian 

zone. 

Excess organic debris can adversely affect water quality by causing increased biochemical 

oxygen demand, resulting in decreased dissolved oxygen levels (which are critical for many 

aquatic species) in watercourses.   Logging slash and debris in or near streams can alter stream 

flows by forming debris dams, and can also redirect flow in the channel, increasing bank cutting 

and resulting in sedimentation.   

NUTRIENTS 

Erosion is the primary transport mechanism for nutrient pollution related to forestry activities.  

Forest soils act as a filter that collects and holds nutrients from decomposing organic matter such 

as leaves and woody debris.  The soil holds many of these nutrients until they are removed by 

growing plants and used for plant growth.  Some nutrients, like nitrogen, are easily dissolved in 

water and are easily moved throughout the environment.  Other nutrients, such as phosphorus, 

bind to soil particles and are relatively immobile unless relocated by some transport mechanism 

(e.g. erosion).  Excess nutrients in surface waters can result in eutrophication, or a proliferation of 

plant life, especially algae.   Eutrophication causes dissolved oxygen levels to decrease, harming 

other aquatic organisms. 
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CHEMICALS 

Chemicals such as herbicides, pesticides, and fertilizers used for forestry operations can 

contaminate surface water through direct application, transport by surface runoff, or 

groundwater contamination.  These chemicals can poison fish and wildlife or kill unintended 

plant species.  Generally speaking, herbicides, pesticides, and fertilizers pose minimal threat to 

water quality when handled and applied properly.  However, improper application and spills can 

have severe and long lasting effects.  The petroleum products and lubricants used for machinery 

are of greater concern.  These chemicals can be toxic to plants and animals and can 

contaminate drinking water supplies. 

TEMPERATURE 

Relatively constant water temperature is important for aquatic biota.  When too much 

vegetation is harvested from the area surrounding stream, the loss of shade can result in 

increased water temperatures.  Temperature increases can be dramatic in smaller (lower order) 

streams, adversely affecting fish and aquatic invertebrates which have adapted to cooler water 

temperatures.  Suspended solids from sedimentation can also lead to increased stream 

temperatures as darker particles absorb heat (EPA, 1997).  As water temperatures rise, dissolved 

oxygen levels (which are critical for many aquatic species) decrease.  Temperature changes 

can be a substantial contributor to aquatic life impairments. 

STREAM FLOW 

The hydrologic response of a watershed can change as a result of timber harvesting.  The 

change resulting from large scale removal of vegetation is often increased stream flow that 

results from more rapid delivery of runoff to streams.  When fewer trees are available to perform 

the function of evaporation and transpiration, more water becomes availabe as surface runoff.  

Increased runoff results in increased stream flow.  The amount of stream flow increase is related to 

the total area harvested, topography, soil type, and harvesting practices (Curtis et al. 1990).  

Increased stream flow can lead to a variet of problems including scoured channels, erode 

streambanks, increase sedimentation, and increase peak flows. 

FORESTRY MANAGEMENT MEASURES FOR WATER QUALITY  

Current forestry management practices and timber harvest techniques have drasticly reduced 

the water quality impacts that occurred from practices of the past century.  The water quality 

impacts of forestry activities can be further minimized by implementing appropriate 

management measures.  Management measures are steps to be taken and guidelines for 

operations (EPA, 2005).  Best Management Practices (BMPs) are specific activities, processes, or 

technologies designed to serve specific functions, which are used to attain a management 

measure.  These are simple, often low cost, practices and techniques that can be incorporated 

into forestry operations to diminish impacts to water quality.  Additional guidance on BMPs can 

be found in the following resources developed specifically for Pennsylvania forests: 

 Timber Harvest Operations Field Guide for Waterways, Wetlands and Erosion Control (3930-

BK-DEP4016), 2009.  Pennsylvania Department of Environmental Protection. 

 Best Management Practices for Pennsylvania Forests, 2001.  The Pennsylvania State 

University. 

A brief overview of EPA’s (2005) forestry management measures developed to protect water 

quality throughout the various phases of forestry activites is presented on the following pages. 
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Preharvest Planning 
Purpose Ensure that forestry activities are planned with water quality considerations in mind 

and conducted in a manner to minimize delivery of nonpoint source pollutants to 

surface waters. 

Target Pollutant(s) Primarily sediment. Organic matter, thermal modification, nutrients pesticides and 

toxics are also controlled. 

Description Preharvest planning includes consideration of all stages of a timber harvest 

including the road system, the harvesting system, the yarding system, and post 

harvest activities.  Site conditions are considered and appropriate BMPs are 

prescribed to reduce water quality impacts.  Contingency plans are developed to 

reduce the effects of potential problems. 

 

Streamside Management Areas 
Purpose Protect surface waters, the ecologically sensitive areas in riparian zones and 

wetlands, and maintain the function of floodplains. 

Target Pollutant(s) Sediment, organic debris, and thermal modification.  Nutrients, pesticides and toxics 

are also controlled. 

Description Establish and maintain a buffer zone along surface waters that includes a sufficient 

number of canopy species, and is wide enough to shade the water, provide bank 

stability, and filter runoff.  Limit forestry activities within the buffer. 

 

Road Construction 
Purpose Reduce erosion and sedimentation which is common during, and immediately 

after, construction of forestry roads. 

Target Pollutant(s) Sediment.  Petroleum products and lubricants. 

Description Design and construction of roads that are planned for the topography, soils, and 

drainage patterns of a site.  Appropriate construction methods and BMPs are used 

to minimize erosion from high risk areas such as the road surface, steep slopes, water 

crossings, and runoff conveyance structures (i.e. culverts, ditches, etc.). 

 

Road Management 
Purpose To ensure that management of existing roads maintains their utility and minimizes 

polluted runoff from roads and road structures. 

Target Pollutant(s) Sediment.  Petroleum products and lubricants. 

Description Minimize use during wet weather and thaw conditions.  Perform routine 

maintenance of road surface, stream crossings, and drainage structures.  

Immediately repair eroding areas and implement BMPs to address problem areas. 

Close and decommission roads that are no longer needed. 

 

Timber Harvesting 
Purpose Minimize the likelihood of water quality impacts resulting from timber harvesting 

operations. 

Target Pollutant(s) Sediment, petroleum products. 

Description Follow the plan for timber harvest operations developed during preharvest 

planning.  Conduct operations to avoid sedimentation to the extent practicable.  

Use appropriate areas for high risk activities such as equipment maintenance, and 

petroleum and chemical storage and dispensing. 

 

 

http://www.gflrpc.org/publications/cayugalake/WRAP/Enhanced/caywetlandindex.htm
http://www.gflrpc.org/publications/cayugalake/WRAP/Enhanced/caywetlandindex.htm
http://www.gflrpc.org/publications/cayugalake/WRAP/Enhanced/caywetlandindex.htm
http://www.gflrpc.org/publications/cayugalake/WRAP/Enhanced/caywetlandindex.htm
http://www.gflrpc.org/publications/cayugalake/WRAP/Enhanced/caywetlandindex.htm
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Site Preparation for Regeneration 
Purpose Minimize erosion and runoff from areas disturbed by site preparation for forest 

regeneration. 

Target Pollutant(s) Sediment, organic debris, and nutrients. 

Description Select methods of site preparation for regeneration which are suitable for site 

conditions.  Complete site preparation in sensitive areas such as steep slopes and 

riparian zones using low impact methods and utilizing appropriate BMPs.  Leave 

adequate organic material but protect surface waters from debris and slash 

material. 

 

Fire Management 
Purpose Minimize nonpoint source pollution and erosion resulting from prescribed burning. 

Target Pollutant(s) Sediment, organic debris, and nutrients. 

Description Use of prescribed fire should be planned and implemented in a manner to protect 

against excessive erosion.  Area to be burned and severity of burn should be 

prescribed based on site conditions and erosion potential.  Appropriate BMPs should 

be employed to reduce impacts to sensitive areas. 

 

Revegetation of Disturbed Areas 
Purpose Reduce erosion and sedimentation of areas disturbed by forestry activities. 

Target Pollutant(s) Sediment and nutrients. 

Description Reduce erosion and sedimentation by revegetating disturbed areas with 

appropriate plant species immediately upon completion of earth-disturbing 

activities.  Focus initial efforts on highly susceptible areas such as steep slopes and 

riparian areas. 

 

Forest Chemical Management 
Purpose Minimize the potential of water pollution by chemicals used for forest management 

due to environmental transport of chemicals during and after application. 

Target Pollutant(s) Pesticides (i.e. Insecticides, herbicides, and fungicides) and fertilizers. 

Description Risks associated with the use of forest chemicals can be reduced through careful 

prescription of type and amount of chemicals to be used; delineation of buffer 

zones; and careful transport and application of chemicals.  Spill prevention and 

contingency plans can reduce the potential impact of spills. 

 

http://www.gflrpc.org/publications/cayugalake/WRAP/Enhanced/caywetlandindex.htm
http://www.gflrpc.org/publications/cayugalake/WRAP/Enhanced/caywetlandindex.htm
http://www.gflrpc.org/publications/cayugalake/WRAP/Enhanced/caywetlandindex.htm
http://www.gflrpc.org/publications/cayugalake/WRAP/Enhanced/caywetlandindex.htm
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OIL AND GAS DEVELOPMENT IN PENNSYLVANIA 

The petroleum (oil and gas) industry has played a significant role in the history of Pennsylvania.  In 

1859, Edwin L. Drake drilled one of the first successful oil wells near Titusville, PA.  In the years that 

followed, Venango and Crawford Counties became the center of an industry focused on the 

drilling, refining, and transporting crude oil and oil products (Harper, 1998).  Although not the first 

natural gas well, the Drake Well (which captured natural gas and piped it to Titusville) is also 

attributed as the beginning of the natural gas industry in America (NaturalGas.org, 2004).  Oil and 

gas wells are a common part of the landscape throughout much of Pennsylvania.  Until recently, 

the petroleum industry in Pennsylvania had faded to a small fraction of what it had been during 

its prime. 

The Marcellus Shale Formation is a Middle Devonian-age (397.5 – 385.3 million years ago), black, 

low density, carbonaceous shale that lies nearly a mile or more below the surface of 

approximately two-thirds of Pennsylvania and large portions of New York, West Virginia, and Ohio 

as well as small areas of Maryland, Kentucky, Tennessee, and Virginia.  Organic rich shales, such 

as the Marcellus Formation, have been known to hold significant reservoirs of natural gas for 

more than 75 years (Harper, 2008).  Once thought cost prohibitive to extract, recent advances in 

drilling technology and recent price increases for natural gas have increased interest in this 

extensive gas reservoir.  In 2002, the United States Geological Survey’s “Assessment of 

Undiscovered Oil and Gas Resources of the Appalachian Basin Province” calculated that the 

Marcellus Shale contained an estimated resource of about 1.9 trillion cubic feet of gas (USGS, 

2003). 

In 2003, Range Resources – Appalachia, LLC drilled a well in Washington County, Pennsylvania 

and found a promising flow of natural gas from the Marcellus shale.  Borrowing drilling and 

fracturing techniques that had worked in the Barnett Shale of Texas, they began producing 

Marcellus gas in 2005 (Harper, 2008).  In early 2008, Terry Engelder, a geoscience professor at 

Pennsylvania State University, and Gary Lash, a geology professor at the State University of New 

York at Fredonia, “said the Marcellus shale conservatively contains 168 trillion cubic feet of 

natural gas, but the figure might be as high as 516 trillion cubic feet” (UPI, 2008).  The recoverable 

portion of this reserve is estimated to be around 10 percent of this total.  By the end of February 

2008 more than 450 suspected Marcellus wells had been permitted in Pennsylvania (Harper, 

2008).  The stage has been set for an extensive Marcellus Shale gas play in Pennsylvania. 

OIL AND GAS ACTIVITIES AFFECTING WATER QUALITY 

The potential impacts of oil and gas development on water quality are a concern across the 

Commonwealth.  Of particular concern are: water withdrawals, storm water runoff from 

construction activities, pollution from drilling processes, groundwater contamination from 

hydraulic fracturing, and disposal of waste fluids.  Water quality concerns related to oil and gas 

operations are addressed by a variety of federal and state regulations.  The 1972 Federal Water 

Pollution Control Act Amendments and the 1977 Clean Water Act were the first regulations to 

subject the oil and gas producing industry to direct dealings with a federal agency on 

environmental protection issues (DOE, 2009a).  Other regulations such as the Safe Drinking Water 

Act (1974) and the Resource Conservation and Recovery Act in (1976) authorize further federal 

regulation of the oil and gas industry.  However, regulation of petroleum activities remains 

primarily a state responsibility. 

In Pennsylvania, oil and gas activities are regulated by several chapters of the Pennsylvania 

Code and various state acts.  The state’s oil and gas laws (Oil and Gas Act – Act 223, Coal and 

Gas Resource Coordination Act – Act 214, and Oil and Gas Conservation Law – Act 359), as well 
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as environmental protection laws that include the Clean Streams Law, the Dam Safety and 

Encroachments Act, the Solid Waste Management Act, and the Water Resources Planning Act 

give DEP the authority to regulate these activities while limiting the regulatory control of 

municipalities. 

PERMIT SOURCE/NOTES 

Well Drilling Permit and Addendum 

Pursuant to the Oil and Gas Act; an application addendum 

outlining a water management plan for that operation, 

pursuant to PA Code, Title 25, Chapter 78.11-33. 

Earth Disturbance Permit (ESCGP-1) 

Required from PA DEP regulating implementation of E&S 

controls, including SWM, if disturbance >5 acres.  E&S plan is 

required if under 5 acres. PA Code, Title 25, Chapter 102. 

Preparedness, Prevention and 

Contingency (PPC) Plan 

The PPC Plan must address the types of wastes generated, 

disposal methods and a spill prevention plan. Construction 

and operation of on-site storage impoundments must also be 

described.  

Water Withdrawal Permits 

A permit is required from DEP for all withdrawals of surface or 

ground water. 

Separate withdrawal permits for projects in the Delaware or 

Susquehanna Basin or Susquehanna River Basin Commission. 

Chapter 105 Obstruction and 

Encroachment Permit 

Permit from DEP for work in a wetland, stream, or body of 

water. PA Code, Title 25, Chapter 105 (also required under the 

Oil and Gas Act). 

Water Quality Management Permit 

Permit if a centralized impoundment will hold fluids other than 

fresh water (such as drilling or fracing fluids). The siting, 

construction, use and closure of temporary pits are regulated 

under PA Code, Title 25, Chapter 78.  Permits are only required 

if the pit is part of a treatment facility.  

 

Development assciated with the Marcellus shale gas play includes construction of new roads, 

pipelines, compressors, water impoundments, well sites and other facilities.  The development of 

this resource requires the use of large amounts of water and may expand to cover extensive 

areas.  Marcellus shale gas development in Pennsylvania is a matter of local, regional, and 

national interest.  Petroleum activities are listed as the primary cause for impairment in 0.2% of all 

non-attaining stream miles in Pennsylvania.  Recent interest in the Marcellus shale play has the 

potential to greatly increase this number.   

The large volumes of water required to complete a Marcellus Shale natural gas well, and the 

resulting large.  Directional drilling and hydraulic facturing techniques used to extract gas from 

the Marcellus shale formation require large volumes of water to complete development  of a 

natural gas well.  These approaches require as much as 20 times the water volume as that used 

in conventional well completions (Harper, 2008).  The hydraulic fracturing process for a typical 

Marcellus shale well uses approximately 3.5 million gallons of water (Harper and Kostelnik, 2010).  

The resulting large volume of waste water increases the environmental risk of this type of well 

development. 

There are no stream segments in Washington County listed on the 2009 Integrated List of All 

Waters as non-attaining, with petroleum activities as the primary source of impairment.  However, 

this does not indicate that water quality impacts from petroleum activities are neglibible.  Local 

impacts to surface water and groundwater resulting from petroleum activities can be severe.  Oil 

and gas development activities with the potential to affect water quality include construction 

activies, well development, and gas production. 
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CONSTRUCTION ACTIVITIES 

Construction activities related to well development are the primary concern for impacts to 

surface water.  Gas well construction can involve extensive earth disturbance for access roads, 

pad sites, and pipelines.  For deeper wells the drilling pads alone can create a four to six acre 

disturbed area (Swistock, 2010).  Earth disturbances related to well development present the 

potential for increased erosion and sedimentation in a manner similar to other construction 

activities.  Well sites in remote locations can present increased risk due to the length of roads and 

pipelines necessary to support the facility.  Other site factors such as slope, proximity to surface 

water, and soil type can increase the potential for impacts to surface water. 

WELL DEVELOPMENT 

Once the pad site and supporting facilities have been constructed well drilling begins.  This is 

done with a drilling rig through a multi-stage process in which the wellbore is drilled, cased, and 

encased with concrete.  A typical well can be drilled in 15-30 days if the rig is operating 24-hours 

a day.  Well drilling requires a significant amount of water to lubricate and cool the drill bit and 

remove the cuttings from the borehole.  Large quantities of wastewater are generated during this 

process.  Along with the cuttings, present as suspended solids, the wastewater can contain 

pollutants such as sodium, chloride, iron, manganese, barium, arsenic, and organics used during 

the drilling process (e.g. surfactants, detergents, oil, grease, benzene, toluene) (Swistock, 2010). 

Once a well has been drilled, a process called hydraulic fracturing, or fracing, is used to create 

additional permeability in the shale to improve the flow of gas toward the wellbore.  Fracing 

involves pumping a fracturing fluid (typically water-based with other additives to improve 

performance) into a formation to generate fractures in the target formation to improve release 

of the natural gas trapped in the rock (DOE, 2010b).  Additives used for hydraulic fracturing 

include sand, oils, gels, acids, alcohols, and various other chemicals.  Some portion of the frac 

water (estimated at 10 to 70 percent) returns to the surface as “flow back” wastewater, with the 

rest remaining underground. 

Various stages throughout well development have the potential to negatively impact water 

resources.  Improperly sealed wells can contaminate drinking water sources; storage, 

transportation, and disposal of wastewater present opportunities for leaks or spills; additives 

injected with hydrofracing fluid may contaminate groundwater sources; or methane gas can 

migrate from gas wells into nearby water supply wells.  

GAS PRODUCTION 

The production phase of well development generally presents the lowest level of risk to water 

quality.  Once well development is complete water continues to be pumped into the well to 

improve the flow of natural gas.  The return fluids, called production fluids, generally contain high 

concentrations of salts from ancient underground saltwater deposits.  Production fluids also 

contain some of the pollutants noted in drilling and hyrdofracturing fluids. 

OIL AND GAS WATER RESOURCE CONCERNS  

As previously noted, considerable quantities of water are necessary for the development of a 

Marcellus Shale gas well.  The substantial amount of water utilized presents several challenges in 

protecting the Commonwealth’s water resources.  In a report issued by USGS (Soeder and 

Kappel, 2009), three principal water-resource concerns are noted in regards to Marcellus Shale 

gas production: 
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WATER SUPPLY MANAGEMENT 

Water for drilling and hydraulic fracturing of wells typically comes from surface water bodies such 

as lakes.  Groundwater sources, municipal water sources, and re-used process water are also 

sometimes used for these processes.  Some concern exists about where the immense volumes of 

water necessary to sustain large scale well development will be obtained.  Other concerns 

include what the potential consequences might be for local water supplies and the effects of 

withdrawing this amount of water when it is needed for drilling activities. 

The water volumes necessary to sustain petroleum activities are large; however they generally 

represent a small percentage of the total water used when considered from a basin-wide 

surface water budget (DOE, 2010b).  To put shale gas water use in perspective, the consumptive 

use of fresh water for electrical generation in the Susquehanna River Basin is nearly 150 million 

gallons per day, while the projected total demand for peak Marcellus Shale activity in the same 

basin is 8.4 million gallons per day (Gaudlip et al., 2008).  When these withdrawals are examined 

at a local level, they represent a much larger percentage of the available resource.  Rapid 

withdrawal of large quantities can have short and long-term effects on a water supply.  Surface 

water withdrawal during dry periods could affect aquatic life, recreational activities, potable 

water supplies, and other industries.   

WATER RESOURCE CONTAMINATION 

As discussed in the previous section, petroleum activities have the potential to negatively impact 

water quality at several stages throughout the drilling and production process.  Construction 

activities necessary to construct access roads, pipelines, and prepare well sites have the 

potential to cause increased erosion and sedimentation.  Access roads and well pad sites are 

rarely, if ever, fully stabilized which increases the duration of potential erosion problems.  Similarly, 

transporting large amounts of equipment, vehicles, and supplies to remote well sites can 

damage low capacity rural roads (often constructed of dirt and gravel) and cause accelerated 

erosion.  These effects of these activities can be mitigated through use of common construction 

BMPs. 

Other activities such as well drilling, hydraulic fracturing a well, and gas production all present 

unique challenges to protecting water quality.  The various pollutants found in the process water 

and flowback fluids used during these activities have the potential to contaminate groundwater 

supplies or impair surface waters if not handled and disposed of properly.  These activities require 

specialized practices to reduce the risk of contaminating water resources. 

WASTEWATER DISPOSAL 

The wastewater produced during well development and production is one of the main threats to 

water quality.  The large volumes of liquid produced present logistical and economic challenges 

for recovery and disposal of the wastewater in a manner that minimizes impacts to water 

resources.  In addition, the pollutants often present in the liquid can require wastewater 

treatment prior to disposal.  Although the percentage of chemical additives in a typical 

hydrofrac fluid is typically less than 0.5 percent by volume, the quantity of fluid used is so large 

that the additives in an average three million gallon well development would result in about 

15,000 gallons of chemicals in the wastewater (Soeder and Kappel, 2009).  In addition to the 

chemical additives found in hydrofrac fluid, the wastewater may contain a variety of naturally 

occurring pollutants such as brines, organics, heavy metals, and radionuclides removed from 

subsurface formations.  High concentrations of sodium, chloride, and bromide are often found in 

brine from well drilling. 

Common disposal methods include processing them through wastewater treatment plants (the 

most common method in Pennsylvania), re-injecting the fluids into the ground, and evaporating 
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the liquid and disposing the remaining solids as dry waste.  The effectiveness of standard 

wastewater treatment for processing wastewater is not well understood.  In particular, salts and 

other dissolved solids are not usually removed by standard treatment processes.  Re-injecting the 

wastewater into the ground (shallow re-injection and deep re-injection) may result in 

groundwater contamination or other unknown problems.  The evaporation method is not a very 

practical technique in the humid climate of Pennsylvania.   Further study of these disposal 

methods and a better understanding of their effects are necessary to effectively protect the 

water resources of the Commonwealth. 

OIL AND GAS MANAGEMENT PRACTICES FOR WATER QUALITY 

Many standard practices in the oil and gas industry are currently being implemented in 

recognition of the need to protect other natural resources while extracting petroleum resources.  

The water quality impacts of oil and gas activities can be futher minimized by implementing 

appropriate management measures and by utilizing suitable Best Management Practices (BMPs).  

As presented here, management measures are guidance for operations and steps to be taken 

that will promote the sound, efficient, and environmentally appropriate development of all oil 

and gas activities, with a particular focus on Marcellus Shale natural gas developments. BMPs  

are specific activities, processes, or technologies designed to serve specific functions, which are 

used to attain a management measure. 

Management measures and BMPs for activities associated with oil and gas development can 

determine what resources may be impacted, the extent of the impacts, and mitigation 

strategies.  Use of the following management measures and BMPs does not replace the need to 

meet Federal and State requirements, their use (when appropriate) will aid in compliance with 

the applicable regulations: 

 Predevelopment Planning 

 Wetland and Riparian Management Areas 

 Access Road Construction 

 Road Management 

 Pipeline Construction 

 Well Site Development 

 Chemical Management 
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Predevelopment Planning 
Purpose Ensure that oil and gas activities are planned with water quality considerations in mind 

and conducted in a manner to minimize delivery of nonpoint source pollutants to 

surface waters and groundwater. 

Description A development plan established during the early stages of anticipated development 

provides the framework for avoiding or minimizing surface disturbance, protecting other 

resources, mitigating environmental impacts, and alleviating or addressing concerns of 

landowners and communities.  It serves as a tool for comprehensive, coordinated 

planning to guide strategic development.  It can also assist in meeting the requirements 

of the Clean Water Act, the Clean Air Act, the Endangered Species Act, and other 

applicable Federal, and State laws. 

 

GUIDANCE:  Develop plans to provide a comprehensive description of the characteristics of the 

area, along with the anticipated nature of the proposed development.  Plans should address 

potential impacts to water quality, existing natural resources, and the potential for habitat 

fragmentation in sensitive areas where there are high levels of biodiversity, or sensitive and critical 

habitats. 

Planning needs will differ by location and should be applied in different ways, depending on 

such things as subsurface geology, terrain, and existing and proposed land use.  Plans may be 

simple or complex, depending upon the circumstances, and will need to be customized to fit the 

site specific conditions for a project.  The following items should be included in the plan: 

 Identification of land ownership 

 Identification of existing and expected surface uses (including number and spacing of 

wells, roads, pipelines, water disposal and treatment facilities, compression facilities, 

gathering and transmission pipelines, etc.) 

 Identification of existing and required infrastructure and utility corridors 

 Map of the area with location of existing facilities (i.e., wells) and potential (optimal) 

locations for future facilities, including production facilities (well sites, processing units, etc.), 

roads, and utility corridors. The map should include geographic features such as streams 

and other water bodies, and special ecosystems, as well as topographic information. 

 Identification of opportunities to avoid, reduce, and mitigate adverse impacts 

 Identification of regulatory requirements 

 Water management plan (strategy) 

 Identification of strategies for reclamation of disturbed areas  

 Consider a strategy for establishing a baseline and monitoring and steps to apply 

monitoring information to existing and future actions 

Water Quality BMPs: 

 Non-Structural (refer to PA Stormwater BMP Manual) 

BMP 4.3.1. Background Site Factors  

BMP 4.3.2. Site Factors Inventory 

BMP 4.3.3. Site Factors Analysis 
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Wetland and Riparian Management Areas 
Purpose Protect the ecological function and hydrologic features of riparian areas, wetlands, and 

floodplains. 

Description Establish and maintain a buffer zone along surface waters and wetlands that is wide 

enough to filter runoff, provide bank stability, and shade the water.  Limit oil and gas 

activities within the buffer. 

 

GUIDANCE:  Establish a buffer zone around riparian areas, wetlands, and floodplains.  Locate all 

well pads and other nonlinear facilities outside of the buffer zones. 

GUIDANCE:  Avoid crossings of wetland and riparian areas by pipelines and roads to the 

maximum extent practicable.  Where crossings cannot be avoided, impacts can be minimized 

through use of the following measures. 

 Develop site-specific avoidance and mitigation plans prior to approval process for all 

proposed disturbance to wetland/riparian areas, including their buffer areas 

 Construct any crossings perpendicular to wetland/riparian areas 

 Schedule construction adjacent to wetland areas to minimize the duration of construction 

activity, and to concentrate such activity during dry conditions, or when the ground is 

frozen during the winter 

 Locate stockpiles outside the buffer areas 

 Locate drilling mud pits outside of buffer areas 

 Begin reclamation of disturbed wetland/riparian areas as soon as possible after project 

activities are complete 

 Monitor any stream channel for erosion, sedimentation, degradation, and riparian health 

Water Quality BMPs: 

 Non-Structural (refer to PA Stormwater BMP Manual) 

BMP 5.4.1 Protect Sensitive and Special Value Features  

BMP 5.4.2 Protect/Conserve/Enhance Riparian Areas  

BMP 5.4.3 Protect/Utilize Natural Flow Pathways in Overall Stormwater Planning and Design  

 

Access Road Construction 
Purpose Reduce erosion and sedimentation which is common during, and immediately 

after, construction of oil and gas access roads. 

Description Design and construction of roads that are planned for the topography, soils, and 

drainage patterns of a site.  Appropriate construction methods and BMPs are used 

to minimize erosion from high risk areas such as the road surface, steep slopes, water 

crossings, and runoff conveyance structures (i.e. culverts, ditches, etc.). 

 

The location and construction of access roads require careful planning.  Special attention should 

be given to steep slopes, surface waters, soils, and other potential hazards.  Access roads should 

be designed with grades between 2 and 10%, located outside buffers of water features, and 

should have cuts and fills minimized.   

GUIDANCE: Utilize existing roads to the maximum extent possible.  Locate new roads in areas that 

will optimize year-round, all-weather access, and minimize surface disturbance and 

environmental impacts.  
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GUIDANCE: Minimize construction of roads where it is operationally feasible and safe.  Construct 

roads to the minimum standard necessary to achieve intended use (i.e. use two-track access 

roads where possible). 

GUIDANCE: Road Construction and Reclamation.  Plan, maintain and construct all roads in 

conformance with road standards.  Major access roads to the general development area 

should be constructed to a higher road standard to avoid excess maintenance caused by poor 

planning and constructed. Practices that can enhance reclamation include: 

 

 Reclaim and re-vegetate all disturbed surface that will not be used for gas operations in a 

manner that restores topsoil and minimizes erosion. 

 Use re-forestation as a reclamation strategy where forest land was impacted during the 

development. 

 Use only certified and inspected seed that is free of noxious weeds for reclamation/re-

vegetation. 

Water Quality BMPs: 

 Non-Structural (refer to PA Stormwater BMP Manual) 

BMP 5.7.1 Reduce Street Imperviousness  

BMP 5.7.2 Reduce Parking Imperviousness  

 Structural (refer to PA Stormwater BMP Manual) 

BMP 6.4.1 Pervious Pavement with Infiltration Bed  

BMP 6.4.7 Constructed Filter  

BMP 6.4.8 Vegetated Swale  

BMP 6.4.9 Vegetated Filter Strip  

 E&S (refer to PA E&S Pollution Control Manual) 

Sediment Barriers and 

Filters  

Compost Filter Sock, Rock Filter Outlet, Super Silt Fence, 

Sediment Filter Log, Straw Bale Barrier, Rock Filter, Vegetative 

Filter Strip 

Runoff Conveyance BMPs  Broad-based Dip, Access Road Swale, Ditch Relief Culvert, 

Turnout 

Sediment Capture & 

Treatment 

Construction Entrances, Compost Sock Sediment Trap 

 

Stabilization Methods and Standards 

 

Road Management 
Purpose To ensure that management of existing roads maintains their utility and minimizes 

polluted runoff from roads and road structures. 

Description Minimize use during wet weather and thaw conditions.  Perform routine 

maintenance of road surface, stream crossings, and drainage structures.  

Immediately repair eroding areas and implement BMPs to address problem areas. 

Close and decommission roads that are no longer needed. 

 

GUIDANCE:  Plan access routes for heavy equipment and the high volume of trucks to the site 

with input from the local municipality and PennDOT. 
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GUIDANCE:  Consider operational traffic and plan for the long-term operations of the facility 

considering maintenance as well as potential issues with dust, compaction, and debris, as well as 

safety. 

Water Quality BMPs: 

 E&S (refer to PA E&S Pollution Control Manual) 

Sediment Barriers and Filters 

Runoff Conveyance BMPs 

Stabilization Methods and Standards 

 

Pipeline Construction 
Purpose Reduce erosion and sedimentation during, and immediately after, construction of 

oil and gas pipelines. 

Description Appropriate design and construction methods are used to minimize erosion from 

areas disturbed by pipeline construction.  BMPs are used in high risk areas such as 

steep slopes and water crossings. 

 

GUIDANCE: Use existing disturbance corridors whenever possible (ideally following access routes 

or existing pipeline routes). 

GUIDANCE:  Locate pipelines in the same trenches, or immediately parallel to, each other.  Install 

pipelines at the same time if possible. 

Water Quality BMPs: 

 Non-Structural (refer to PA Stormwater BMP Manual) 

BMP 5.4.1 Protect Sensitive and Special Value Features  

BMP 5.4.2 Protect/Conserve/Enhance Riparian Areas  

BMP 5.4.3 Protect/Utilize Natural Flow Pathways in Overall Stormwater Planning and Design  

BMP 5.6.3 Re-Vegetate and Re-Forest Disturbed Areas, Using Native Species  

 E&S (refer to PA E&S Pollution Control Manual) 

Crossings Roadways, stream, wetlands 

Outlet Protection 

Stabilization Methods and Standards 

 

Well Site Development 
Purpose Minimize the likelihood of water quality impacts resulting from development of oil 

and gas well sites. 

Description Follow the plan for oil and gas operations developed during predevelopment 

planning.  Conduct operations to avoid sedimentation to the extent practicable.  

Use appropriate areas for high risk activities such as equipment maintenance, and 

petroleum and chemical storage and dispensing. 

 

GUIDANCE:  Minimize surface disturbance to the maximum extent practicable.  Utilize techniques 

such as drilling multiple wells from the same pad when technically feasible. 

GUIDANCE:  Remove all equipment not necessary for well operations. 

GUIDANCE:  Locate well construction activities with the following considerations: 
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 Locate well sites in stable, non-erosive soil areas, with grass or brush cover and on relatively 

level areas that minimize pad construction. Choose sites that avoid steep slopes, unstable 

soils, and close proximity to streams, floodplains, springs, and wetlands. 

 Divert surface runoff from entering the constructed pad site to avoid transporting of 

pollutants. 

 Locate facilities and roads away from occupied dwellings. 

 Locate in visually acceptable areas (avoid dwelling view sheds) and paint facilities colors 

that blend in with the natural environment. 

 Locate where safe access can be maintained year round. 

Water Quality BMP’s:   

 Non-Structural (refer to PA Stormwater BMP Manual) 

BMP 5.5.1 Cluster Uses at Each Site; Build on the Smallest Area Possible  

BMP 5.6.1 Minimize Total Disturbed Area – Grading  

BMP 5.6.2 Minimize Soil Compaction in Disturbed Areas  

BMP 5.6.3 Re-Vegetate and Re-Forest Disturbed Areas, Using Native Species  

BMP 5.7.2 Reduce Parking Imperviousness  

BMP 5.9 Source Control  

 E&S (refer to PA E&S Pollution Control Manual) 

Sediment Barriers and 

Filters  

Compost Filter Sock, Rock Filter Outlet, Super Silt Fence, 

Sediment Filter Log, Straw Bale Barrier, Rock Filter, Vegetative 

Filter Strip 

Runoff Conveyance BMPs  Channels, Top of Slope Berm, Temporary Slope Pipe 

Sediment Capture & Treatment 

Outlet Protection 

Stabilization Methods and Standards 

 Structural (refer to PA Stormwater BMP Manual) 

BMP 6.4.1 Pervious Pavement with Infiltration Bed  

BMP 6.4.7 Constructed Filter  

BMP 6.4.8 Vegetated Swale  

BMP 6.4.9 Vegetated Filter Strip  

BMP 6.6.1 Constructed Wetland  

BMP 6.6.2 Wet Pond/Retention Basin  

BMP 6.6.3 Dry Extended Detention Basin  

BMP 6.6.4 Water Quality Filters & Hydrodynamic Devices  

BMP 6.7.1 Riparian Buffer Restoration  

BMP 6.7.2 Landscape Restoration  

BMP 6.7.3 Soil Amendment & Restoration  

BMP 6.7.4 Floodplain Restoration  

BMP 6.8.1 Level Spreader  
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Pollution Prevention 
Purpose Minimize the potential of water pollution caused by potential pollutants used for, or 

generated by, oil and gas operations. 

Description Risks associated with chemicals and other potential pollutants used for, and 

generate by, oil and gas operations can be reduced through careful transport, 

storage and use the substances.  Spill Preparedness, Prevention, and Contingency 

Plans can reduce the potential impact of accidental spills. 

 

GUIDANCE:  Prepare a site specific Preparedness, Prevention, and Contingency Plan that 

identifies potential pollutants used or stored on site, outlines operational procedures to reduce 

the likelihood of accidental spills, and details a pollution incident response plan to be employed 

in the event of a spill. 

GUIDANCE:  Conduct personnel training programs to educate all employees of safe handling 

and disposal methods of all potential pollutants stored or generated on site.  Pollution incident 

response should also be included in the training. 

GUIDANCE:  Implement pollution prevention practices when feasible.  Use pollution source 

reduction techniques (i.e. alternative chemicals and additives), reduce or eliminate waste 

generated through process changes, and use new technologies to remove pollutants from 

wastewater to reduce the pollution potential of oil and gas activities. 

 

Facility Reclamation and Decommissioning 
Purpose Reduce erosion and sedimentation of areas disturbed by oil and gas activities and 

minimize long-term impacts of oil and gas activities. 

Description Reduce erosion and sedimentation by stabilizing the work area around active 

facilities and establishing permanent vegetation on the surrounding area 

immediately upon completion of earth-disturbing activities.  Remove and 

decommission facilities upon completion of planned use.   Restore facility sites to 

pre-disturbance condition, or better. 

 

GUIDANCE:  Reduce facility size to the minimum area required for oil and gas production 

operations by restoring all areas temporarily disturbed during construction activities. Restoration 

should include the following: 

 Re-contour disturbed areas to be compatible with existing grades. 

 Replace topsoil to at least the depth and quality that existed prior to disturbance for final 

reclamation of the site upon abandonment of the well. 

 Re-vegetate disturbed areas using native vegetation and including re-forestation. 

 Remove all chemicals, equipment, materials, and waste not necessary for sustaining 

production from the well pad. 

GUIDANCE:  Stabilize facilities during operations with crushed stone or other appropriate 

methods. 

GUIDANCE:  Remove and decommission facilities as soon as reasonably possible after oil and gas 

production is completed.  Restore the disturbed areas to their pre-disturbance condition, or 

better, by reshaping the site to the original contour, replacing topsoil, and re-establishing native 

vegetation. 
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Public Participation required by ther Plan and includes 

Agendas, sign-in sheets and brief meeting summaries 

(containing comments and questions) from the Phase 2 

PAC and PAC/MEC meetings and the June 2, 2010 Public 

Hearing.  
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