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Introduction 

This pollutant reduction plan (PRP) was developed for East Hempfield Township as a 

requirement of Permit PAG#133632 for their municipal separate storm sewer system (MS4). 

The PRP outlines the actions the Township will take to address pollutant loads to the Little 

Conestoga Creek and Chiques Creek within the MS4 that drain to the Chesapeake 

Bay/impaired waters. These actions include public participation, mapping of outfalls and 

other discharges, pollutant load calculations, best management practices (BMPs) selection, 

identification of potential funding sources and partners, and operations and maintenance 

(O&M) activities. 

A. Public Participation  

Public participation is an essential part of the PRP because it enhances buy-in from 

landowners that may have an impact on pollutant discharges, can uncover missing elements 

or errors in calculations, and builds cooperative partnerships among the municipality and 

other entities. 

 

A copy of the draft PRP was released via public notice on June 26, 2017 to LNP. The notice 

ran for 1 day. A copy of the public notice is included in Appendix A. The public was given 30 

days to provide commentary on the contents of the PRP. The PRP was available at the 

Township office from June 26, 2017 to July 26, 2017 as well as electronically on East 

Hempfield Township’s website. Opportunity for comment was also provided during East 

Hempfield’s regularly scheduled board meeting on July 19, 2017. No verbal or written public 

comments were received. 

B. Map 

East Hempfield Township is located entirely within the Chesapeake Bay Basin. The Chiques 

watershed comprises approximately 15% of the Township (1,986 acres). The Chiques Creek 

is a tributary of the Susquehanna River.   The Little Conestoga Creek Watershed represents 

approximately 85% of the Township (11,569 acres). The Little Conestoga Creek is a tributary 

of the Conestoga Creek, a tributary of the Susquehanna River. Figure 1 identifies the 

subwatershed basins within East Hempfield as well as impaired and attaining streams from 

the DEP 2014 Integrated List and the location of the 2010 Census urban area.  Additional 

maps are provided in Appendix B. Map B1 identifies the land cover types throughout the 

Township and within the Planning Areas. Excluded area, outfalls and proposed BMPs are also 

shown on the map. Map B2 includes the same information except an on an aerial 

photograph instead of the land cover dataset. Planning areas include all non-excluded areas 

on the maps and are primarily designated by subwatershed.  
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C. Pollutants of Concern 

Because East Hempfield discharges stormwater to a local impaired water, specifically the 

Chiques Creek and the Little Conestoga Creek and its tributaries, it must reduce pollutant 

loads associated with those impairments. As shown in Figure 1, all streams within the 

Township are impaired or directly upstream of impaired waters. Any proposed BMPs that 

target the impaired waters discharges will have a beneficial impact on the Chesapeake Bay. 

East Hempfield is subject to both a CBPRP and an impaired waters PRP but will combine 

their CBPRP and Impaired Waters PRP into one document. 

 
For the purposes of this PRP, designated MS4 Planning Areas are based on the watersheds 

of impaired waters listed in the DEP MS4 Requirements Table. Table 1 shows each of the 

affected subwatersheds within East Hempfield and the pollutant(s) that are of concern to 

that area as shown on the DEP MS4 requirements table revised 4/7/2017.  In planning 

areas where sediment is listed as a concern the Township must reduce sediment loading by 

10 percent; where nutrients are listed as a concern the Township must reduce phosphorus 

by 5 percent and nitrogen by 3 percent.  East Hempfield is using the presumptive approach 

in which it is assumed that a 10% sediment reduction will also accomplish the required 

nutrient reduction, therefore only sediment loads within each MS4 planning area are 

reported in this PRP. 

 
Table 1. Impaired Downstream Waters and Requirements 

MS4 Planning Area Pollutant(s) of Concern 

West Branch Little Conestoga Creek  Appendix E – Siltation (5) 
Swarr Run  Appendix B – Pathogens (5)*, 

Appendix E – Nutrients, Siltation (5) 
Millers Run Appendix B – Pathogens (5)*, 

Appendix E – Nutrients, Siltation (5) 
Brubaker Run Appendix B – Pathogens (5)*, 

Appendix E – Nutrients, Siltation (5) 
Little Conestoga Creek Appendix B – Pathogens (5)*, 

Appendix E – Nutrients, Siltation (5) 
Chiques Creek Appendix E – Siltation (5) 
Chesapeake Bay Nutrients/Sediment Appendix D-Nutrients, Siltation (4a) 

*Details on Appendix B Pollutants are not included within the scope of this CBPRP / PRP; 

however the Township is currently an approach to address the pathogen impairments and 

resulting Pollutant Control Measures framework. 
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D. Existing Load for Pollutants of Concern 

East Hempfield has two primary watersheds: the Chiques and the Little Conestoga.  East 

Hempfield has used MapShed to calculate the existing load within their designated MS4 

planning areas within the Little Conestoga watershed and the DEP Simplified Method to 

determine existing loads within the Chiques watershed. Prior to running MapShed, East 

Hempfield went through a desktop and field verification exercise to establish MS4 planning 

areas.  Since 82% of East Hempfield is considered urban area, and the municipality is fairly 

developed with significant MS4 infrastructure, it was beneficial to first identify areas that 

could be parsed and assume the rest of the municipality is part of the planning area. 

 

East Hempfield used the following process to parse areas and establish their MS4 planning 

area for the PRP. Prior to beginning PRP development, East Hempfield began identifying 

outfalls within the Township and compiling spatial data.   

 

As part of PRP development East Hempfield’s outfall mapping was added to a base map with 

the 2010 UA, National Hydrology Dataset (NHD) streams, topography, and watershed 

boundaries in order to aid in the field drainage boundary assessment to establish MS4 

planning areas for the PRP. Mapping also included areas that could be parsed outright such 

as state owned road right of ways and parcels with individual industrial stormwater 

management permits.  

 

The field review then continued to field verify outfalls on NHD streams with matching 

observed general drainage flow to the map (or determining that the regulated system (inlets, 

curb and gutter, etc.) tied to the end point adequately collects stormwater run-off from the 

drainage areas reviewed). This process involves a visual tracing against the system map. 

Areas that were field verified that do not drain to regulated outfalls were parsed out 

(excluded). Areas were field verified as not part of the regulated system where runoff 

disperses through sheet flow or incidental dispersion or drain directly to the stream without 

entering the MS4 system. Watershed based planning areas were then drawn to capture the 

remaining area. 

 

The following entities have coverage under their own stormwater permit and are excluded 

from the East Hempfield Planning Area. 

 East Petersburg Borough (MS4 Permit) 

 Manor Township (MS4 Permit) 

 West Hempfield Township (MS4 Permit) 

 Air Prod & Chem Inc (Industrial Stormwater) 

 Bird in Hand Woodworks (Industrial Stormwater) 

 Euromax Intl Inc (Industrial Stormwater) 

 Fabral Inc (Industrial Stormwater) 

 Hershey Foods Corp (Industrial Stormwater) 

 GSM IND (Industrial Stormwater) 

 Hubbard Feeds Inc (Industrial Stormwater) 

 Kellogg USA Inc (Industrial Stormwater) 
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 Lancaster Truckbodies (Industrial Stormwater) 

 Land O Lakes Purina Feed LLC (Industrial Stormwater) 

 Pennsy Supply Inc (Industrial Stormwater) 

 Roberts Oxygen Co Inc (Industrial Stormwater) 

 Westrock-Southern Container Inc (Industrial Stormwater) 

D.1 Little Conestoga Existing Load 

In order to model loads from MS4 Planning areas in MapShed a base model run of the entire 

Little Conestoga watershed 65.5 square mile drainage area was performed.  Each 

watershed-based planning area was digitized as an urban area in MapShed and the base 

model was rerun for each planning area. The MapShed UA tool was then used to establish 

the loading for each planning area.  Only one contiguous UA could be run in MapShed per 

model run. Therefore, in order to keep the number of MapShed model runs reasonable, the 

planning areas were kept as large as possible within a watershed. Land use acreage and 

corresponding load adjustments were made to some of the MapShed model runs to account 

for excluded areas that were included in the modeled planning areas and vice versa where 

smaller “islands” of land that are included in the planning area could not reasonably be 

included in the model run. Table 2 shows the sediment loading rates for each land cover type 

for the East Hempfield Township Model Runs.  Table 3 shows the sediment load per MS4 

Planning Area. Since such a small portion of East Hempfield Township is in the West Branch 

Little Conestoga Watershed, a separate HUC12, DEP approved aggregating loads for East 

Hempfield within the entire Little Conestoga watershed. 

 

In those areas where structural BMPs are currently in place and functioning, the existing 

loading estimate was adjusted to account for pollutant reductions from those BMPs.  Article 

VI of East Hempfield’s Stormwater Management Ordinance describes Operation and 

Maintenance (O&M) requirements. East Hempfield requires the submittal of an O&M plan 

that includes but is not limited to BMP inspection annually for the first 5 years and once 

every three years thereafter. The Ordinance also specifies who is responsible for 

maintenance under various situations.  

 

East Hempfield Township created an inventory of their existing and functioning BMPs from 

NPDES permit data and stormwater management plans filed with the Township. BMPs were 

identified as runoff reduction (RR) or stormwater treatment (ST) practices.  One RR and one 

ST model run (as applicable) per subwatershed was completed by aggregating existing BMP 

data in the MapShed Urban BMP Editor to determine the sediment reductions resulting from 

the existing BMPs.  The sediment load for each BMP model run was compared to the Little 

Conestoga Baseline watershed model run and the difference was attributed to the existing 

BMPs included in the BMP editor. See Table 4. The BMP inventory and calculated 

information needed to populate the MapShed Urban BMP Editor is provided as Appendix D.  

Screenshots of the Urban BMP editor for each model run is included in Appendix C.  In 

addition to stormwater BMPs a 1,500 foot stream restoration of Swarr Run completed by the 

Lancaster County Conservation District was included as an existing BMP.  The stream 

stabilization included root wads, log and rock vanes, rock, livestock crossings and fencing 
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and excavated floodplain terraces. Project is still functioning and an established forested 

buffer has formed.  

 

Based on these existing load calculations it was determined East Hempfield’s existing 

loading is 7,083,859 lbs. The minimum sediment reduction required for East Hempfield in 

the Little Conestoga Watershed is 708,386 lbs. (as shown in Table 3).  Since such a small 

portion of East Hempfield Township is in the West Branch Little Conestoga Watershed loads 

for the entire Little Conestoga watershed, including the West Branch, were aggregated within 

East Hempfield Township, as reviewed with DEP staff. 

  

Table 2. East Hempfield MapShed Sediment Land Use Loading Rates – Little Conestoga Watershed 

 MapShed Land Cover 

Loading 
Rate 

(lb/ac) 
Total Load 

(lb) 

Hay/Pasture 112.4 118,919 

Cropland 1467.1 2,469,129 

Forest 12.5 5,313 

Wetland 4.5 167 

Disturbed 40.7 6,960 

Turfgrass 36.0 7,128 

Open Land 163.3 124,271 

LD Mixed 14.8 5,742 

MD Mixed 65.2 99,104 

HD Mixed 65.2 69,894 

LD Residential 14.8 5,195 

MD Residential 65.2 194,948 

HD Residential 65.3 1,306 

Water 0.0 0 
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Table 3. Existing loads by MS4 Planning Area 

Planning Area 
Name 

Total Acres 
(adjusted) 

Land Use 
Sediment 
Load (lbs) 

Streambank 
Sediment 
Load (lbs) 

Total 
Mapshed 
Sediment 
Load (lb) 

Existing 
BMP Load 
Reductions 
(lb) 

Final 
Planning 
Area 
Existing 
Load (lbs) 

Little Conestoga 
Watershed 1,765 720,913 1,019,938 1,740,851 30,000 1,710,851 

Swarr Run 
Watershed 3,141 600,903 2,431,873 3,032,776 247,100 2,785,676 

Miller Run 
Watershed 863 89,235 608,989 698,224 0* 698,224 

Brubaker Run 
Watershed 1,731 416,279 1,344,820 1,761,099 69,800 1,691,299 

West Branch 
Watershed 188.9 49,053 148,757 197,810 0 197,810 

              

Total        7,430,759 346,900 7,083,859 

Little Conestoga  
10% Reduction           708,386 

*Miller Run existing BMPs were included in the Swarr existing BMP model Run.  Miller Run is a 

tributary of Swarr Run. 

 

Table 4. Summary of Existing Stormwater BMP Model Run Results 

Existing BMP model 
runs 

Little Conestoga 
Baseline Model 
Sediment Load (T) 

New 
Sediment 
Load (T) 

Sediment 
Reduction 
(T) 

Sediment 
Reduction 
(lb) 

Little Conestoga RR 22452.7 22439.4 13.3 26,600 

Little Conestoga ST 22452.7 22451.0 1.7 3,400 

Swarr Run RR 22452.7 22420.7 32.0 64,000 

Swarr Run ST 22452.7 22447.4 5.30 10,600 

Brubaker Run RR 22452.7 22423.7 29.0 58,000 

Brubaker Run ST 22452.7 22446.8 5.90 11,800 

Total       174,400 
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D.2 Chiques Creek Watershed Existing Load 

Due to the small size of the Chiques Creek watershed within East Hempfield Township it was 

determined the Simplified Method was the best approach.  The following percent cover and 

sediment loading rate was used in the calculations. 

 

Table 5. Statewide MS4 Land Cover Estimates for East Hempfield Township and Developed Land 

Use Loading Rates for Pa Counties – Lancaster County 

UA % Impervious 32% 

UA % Pervious 68% 

Non-UA %Impervious 27% 

Non-UA % Pervious 73% 

  

  

Sediment 
(lb/ac/yr) 

UA Impervious Loading  1480.43 

UA Pervious Loading  190.93 

Undeveloped (Non UA) Loading  234.6 
 

There is 257.7 acres within East Hempfield’s planning area in the Chiques Creek watershed.  

Based on the impervious/pervious percent cover in Table 5 this equates to 82.5 acres 

impervious at 1,480.43 lbs/ac loading rate and 175.2 acres pervious at 190.93 lb/ac 

loading rate for a total of 155,546 lbs of sediment. The required 10% reduction is therefore 

15,555 lbs. See Appendix B Map 2 for the Chiques Planning area. 

E. BMPs Selected to Achieve the Minimum Required Reductions in Pollutant Loading 

Based on the 10% sediment reduction targets established above, East Hempfield Township 

has identified a strategy to meet the minimum load reductions within 5 years following DEP’s 

approval of permit coverage. The nutrient reduction requirements for the impaired waters are 

assumed to be addressed by the 10 percent sediment reductions.  

 

Since East Hempfield has a small planning area in the Chiques watershed and neighboring 

West Hempfield Township has a small planning area in the West Branch Little Conestoga 

watershed, the two municipalities will develop a MOU to work together to implement projects 

that will meet their own PRP sediment reductions requirements as well as the other 

municipality’s sediment reduction requirements.  The projects and reductions are described 

in greater detail below. 

  

Summary of Alternatives and Selection of BMPs 

East Hempfield Township evaluated approximately eight stormwater BMP projects and 

approximately ten stream restoration projects in the Little Conestoga watershed considering 

the following criteria: 

- Sediment reductions 
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- Cost per pound of pollutant reduction 

- Ownership (public versus private land) 

- Funding and Workforce availability 

- Community benefit (site accessibility, visibility to the public, ability of public to experience 

benefits) 

- Connectivity to other completed or proposed stormwater BMPs 

- Timeframe to implement 

The purpose of the evaluation was to determine the BMPs that would reduce the most 

pollutants for the least amount of money while getting closer to the goal of removing streams 

from the impaired waters list and protecting the Chesapeake Bay. After reviewing each of the 

BMPs and their order on the list, East Hempfield Township selected the following BMPS 

described in sections 1 and 2, below. 

E.1. Little Conestoga Watershed 
The minimum sediment reduction required for East Hempfield in the Little Conestoga 

Watershed is 708,386 lbs. sediment (as shown in Table 3).  Since such a small portion of 

East Hempfield Township is in the West Branch Little Conestoga Watershed loads for the 

entire Little Conestoga watershed, including the West Branch, were aggregated within East 

Hempfield Township, as reviewed with DEP staff. 

 

East Hempfield Township proposes the implementation of the following BMPs within the 

storm sewershed to meet this pollutant load reduction. These BMPs will be implemented by 

the end of the 5 year permit cycle. The UNT to Swarr Run restoration will be implemented to 

satisfy East Petersburg Borough and West Hempfield Township’s PRP requirements in the 

West Branch Little Conestoga watershed as described below. A summary of all the proposed 

BMPs and how they meet the required load reduction is included as Table 6. These BMPs 

exceed the required PRP load reductions planned for the three municipalities at 118% of the 

needed sediment reductions.  Detailed information about each project is provided below. 

 

Table 6.  Summary of Proposed BMPs in the Little Conestoga Watershed 

BMP ID 

Number 

BMP Project Sediment Load 

Reduction (lbs/yr) 

1 Brubaker Run Floodplain Restoration 790,821 

2 UNT to Swarr Run Stream Restoration  83,375 

 Total Load Reduction 880,596 

 Required East Hempfield Township 708,386 

 Required East Petersburg Borough 15,000 

 Required West Hempfield Township 17,606 

 Total Required Load Reduction 740,992 

 

BMP 1 Brubaker Run Floodplain Restoration Project  

The Brubaker Run Floodplain Restoration associated with the Lime Spring Square 

development project is a 4,350 LF floodplain restoration that is being implemented in the 

Brubaker Run Watershed.  This floodplain restoration is a public-private partnership between 

East Hempfield and Oak Tree Development Group.  The 8.6 acre floodplain restoration 
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project is part of the 98.16 acre Lime Spring Square commercial development project and, in 

addition to being an ecological restoration of the stream and floodplain corridor, is intended 

to provide stormwater management services as part of the Township NPDES permit 

requirements for the land development activity.  The anticipated sediment load reduction 

resulting from the project will far exceed the water quality impacts of the proposed land 

development activity.  Recommendations of the Expert Panel to Define Removal Rates for 

Individual Stream Restoration Projects (Schueler and Stack, 2014) was used to calculate the 

sediment load reduction resulting from the restoration. Appendix E summarizes the field 

assessment, monitoring, and calculations used to predict the sediment load reduction 

provided by the restoration project, the sediment load resulting from the land development 

site, and the net sediment reduction anticipated as a result of the overall project. The results 

are summarized in Table 7 below. The Brubaker Run floodplain restoration project will result 

in 790,821 lbs. of sediment reduction that can be applied to East Hempfield’s Pollution 

Reduction Plan. 

 

Table 7.  Brubaker Run Floodplain Restoration Sediment Reduction 

 Sediment  (lb) 

Brubaker Run Floodplain Restoration Base Sediment Reduction 797,221 

Annualized sediment load from development site 6,400 

Net Brubaker Run Sediment Reduction with NPDES requirement 

removed 

790,821 

 

BMP 2:  Unnamed Tributary to Swarr Run Stream Restoration 

As described above, East Hempfield Township will implement this additional stream 

restoration project to meet West Hempfield Township’s required load reductions in the Little 

Conestoga watershed.  East Petersburg Borough will also contribute to the project to acquire 

15,000 lbs of sediment reduction since limited opportunities exist within the Borough. A 

Memorandum of Understanding (MOU) will be developed through the existing Central 

Lancaster County Council of Governments Agreement between East Hempfield Township, 

East Petersburg Borough, and Manheim Township.  The MOU will identify East Petersburg as 

a financial partner in this stream restoration project for a portion of the project to cover the 

monetary value for 15,000 lbs. of sediment reduction that will be included in East 

Petersburg’s sediment load reduction BMPs. An additional MOU will identify West Hempfield 

Township as a financial partner in the project to achieve all their Little Conestoga load 

reductions, approximately 17,606 lbs., through the implementation of this project. East 

Hempfield will likewise achieve their required 15,555 lb. Chiques Creek watershed sediment 

load reduction through West Hempfield’s proposed BMP project described in Section E2. 

West Hempfield will contribute a payment equivalent to the cost to reduce approximately 

2,051 lbs. of sediment reduction to cover the difference in amounts “traded.”  

 

The proposed stream restoration project will restore approximately 725 LF of an Unnamed 

Tributary to Swarr Run within the Little Conestoga Watershed.  The reach is vertically and 

laterally eroding and threatening the structural integrity of two adjacent stormwater basins. 

According to the DEP PRP Instructions a 115 lb. /ft. sediment load reduction can be applied 
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to this project resulting in 83,375 lbs. of sediment reduction for the total project.  This reach 

of stream, located between Pinetree Way and Huntington Place in East Hempfield Township, 

will require coordination with private landowners.  The project location is shown on Map B2. 

Table 8.  

 Sediment  (lb) 

Unnamed Tributary to Swarr Run Stream Restoration  83,375 

East Petersburg Borough’s allocated reduction 15,000 

West Hempfield Townships allocated reduction 17,606 

Net Reduction remaining 50,769 

 

Additional Voluntary BMP Implementation Planned in the Little Conestoga Watershed 

East Hempfield is planning to implement multiple voluntary rain gardens and bioretention 

areas in the Little Conestoga Watershed.  The BMPs are described in this report to show that 

the Township is doing additional work above and beyond MS4 PRP requirements. 

 

Load reductions expected from these voluntary BMPs were calculated using MapShed.  

Individual model runs were completed for each proposed BMP by entering the required site-

specific planning level BMP information into the MapShed Urban BMP Editor for the Little 

Conestoga Baseline watershed model. The new reduced loading resulting from the BMP was 

then subtracted from the Baseline Little Conestoga Watershed loading of 22,452.7 Tons and 

the difference is attributed to the implementation of the BMP. Screenshots from the 

MapShed Urban BMP Editor used in each model run are provided in Appendix C.   

 

East Hempfield Township intends to construct two rain gardens to treat runoff from their 

maintenance facility located at the Township offices and within the Swarr Run watershed. 

Preliminary design characteristics are provided in Table 9 below. Since MapShed was used 

to calculate the existing load it was also used to calculate the load reduction resulting from 

the implementation of the rain gardens.  Screenshots from the MapShed Urban BMP Editor 

used in the model run are provided in Appendix C.   

 

Table 9. Maintenance Facility Rain Garden 

BMP 

BMP 

Area 

(ac) 

Acres 

Treated 

(ac) 

BMP 

Depth 

Treated 

(ft) 

Runoff 

Storage 

(RS) 

(ac ft) 

Impervious 

Area (IA) 

(ac) 

(RS)(12)/IA 

(Min=0, 

Max=2.5) 

MapShed 

BMP 

sediment 

removal (lb) 

Maintenance Facility 
Rain Garden 1 and 2 

0.1 1.35 0.5 0.050 0.5 1.2 1,000 
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The Village Grande community in the Miller Run watershed intends to construct five bio-

retention areas to treat runoff at outfall locations within the common open space of the 

Village Grande development. Conceptual design characteristics are provided in Table 10 

below. Screenshots from the MapShed Urban BMP Editor used in the model run are provided 

in Appendix C.   

 

Table 10. Village Grande Bio- retention Area Conceptual Design 

BMP 

Total 

BMP 

Area 

(ac) 

Total  

Acres 

Treated 

(ac) 

BMP 

Depth 

Treated 

(ft) 

Runoff 

Storage 

(RS) 

(ac ft) 

Impervious 

Area (IA) 

(ac) 

(RS)(12)/IA 

(Min=0, 

Max=2.5) 

MapShed 

BMP 

sediment 

removal (lb) 

Village Grande Bio-
retention Areas 

0.24 11.3 0.5 0.12 4.25 0.34 7,200 

 

E.2. Chiques Creek Watershed 

East Hempfield’s minimum required sediment reduction in the Chiques Creek watershed is 

15,555 lbs. sediment.  Since such a small portion of East Hempfield Township is in the 

Chiques watershed, East Hempfield will partner with West Hempfield to implement a project 

that achieves their required PRP load reductions.   

 

West Hempfield Township proposes the implementation of the following BMP to meet this 

pollutant load reduction. This BMP will be implemented by the end of the 5 year permit cycle.  

 

BMP 3: Streambank Stabilization UNT to Chiques Creek 

West Hempfield Township plans to stabilize approximately 1,260 LF of streambank along an 

UNT to Chiques Creek.  This small stream flows through an agricultural property located at 

940 Farmdale Road.  The stream receives discharge from 5 regulated outfalls and 

stormwater flows from approximately 190 acres of upland develop area. 

 

According to the DEP PRP Instructions 44.88 lb. /ft. sediment load reduction can be applied 

to this project resulting in 56,549 lbs. of sediment reduction of which East Hempfield needs 

15,500 lbs. See Figure 3 for project location. 
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Figure 3. Location of Stream Stabilization Project in West Hempfield Township 

 

 
 

  

Project Location 

Marietta Avenue 
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F. Funding Mechanism Identification 

In order to install and maintain the BMPs listed in Section E, East Hempfield proposes the 

following sponsors/partners and funding sources.  

 
Table 11. BMP funding Sources – Need Additional Input from Township 

BMP# Sponsor/Partner/Funding Sources 

1 
The Oak Tree Development Group is funding the Brubaker Run floodplain restoration in 

conjunction with the development project 

2 
East Hempfield Township has committed budget funds to install the rain gardens at 

their maintenance facility 

3 
West Hempfield Township will fund the project.  East and West Hempfield will “trade” 

sediment reductions as described in PRP. 

G. Responsible Parties for Operation and Maintenance (O&M) of BMPs 

All stormwater BMPs installed under this PRP are subject to East Hempfield’s stormwater 

management ordinance. Article VI of the ordinance describes O&M requirements. The 

ordinance requires that the BMPs are inspected at a minimum annually for the first five years 

and once every three years thereafter.  

 

The Operation and Maintenance (O&M) activities for each BMP are included in the table 

below. If the BMP is located on private land, the landowner must convey an easement to the 

Township to allow for access for periodic inspections and maintenance, as needed. Actual 

O&M activities will be listed in the Annual MS4 Status Report sent to the PADEP under the 

General Permit. See Table 12 for additional O&M information. 
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Table 12. BMP O&M Activities  

BMP # 
Parties Responsible for 

O&M 
O&M Activities 

Frequency for O&M 

Activities 

1 Oak Tree Development Group PCSM O&M Plan 

Biannual inspections for 

first three years and 

annual inspections 

thereafter. Additional 

inspections following 

large storm events  

2 

The Township will be 

responsible for the first 2 

years and will train the HOA to 

take over O&M thereafter. 

Inspection, 

vegetation 

management and 

invasive species 

control, plant 

replacement 

Biannual inspections for 

first three years and 

annual inspections 

thereafter. Additional 

inspections following 

large storm events 

3 West Hempfield Township 

O&M will be 

determined by West 

Hempfield. General 

O&M - Inspection of 

stability and plant 

survival, 

management of 

invasive species 

O&M will be determined 

by West Hempfield 

Township. Generail O&M - 

biannual inspections for 

first three years and 

annual inspections 

thereafter. Additional 

inspections following 

large storm events.   
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Public Participation: Proof of Publication 
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Appendix B 

Maps: Item B1) East Hempfield Planning Area and Landuse Types; Item 

B3) East Hempfield Planning Areas with Outfalls and Proposed BMPs 
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Little Conestoga Baseline Watershed Input and Results 

The following screenshots represent the input for the baseline watershed model. The 

following data was customized in this model run: 

 Percent bank fraction was adjusted so soil nutrient concentration match what is included 

in the “Recommendation of the Expert Panel to Define Removal Rates for Individual 

Stream Restoration Projects (2014). N – 2.28 lb/T and P – 1.05 lb/T  

 Groundwater concentrations were customized based on data acquired from the 

Groundwater Monitoring Network data downloaded from the PADEP Wave GIS tool 

accessed on December 28, 2016. 

 No rural or urban BMP data, point source or animal data was included in the model run. 

Little Conestoga Baseline Watershed Results 
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Little Conestoga Baseline Watershed Transport Data 
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Little Conestoga Baseline Watershed Nutrient Data 
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Little Conestoga Baseline Watershed Animal Data 
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Little Conestoga Baseline Watershed Rural BMP Data 
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Little Conestoga Baseline Watershed Urban BMP Data 

 
Little Conestoga Baseline Watershed Input Data 
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MapShed Planning Area UA Tool Results 

The exact same input used for the Little Conestoga Baseline Watershed Run was used for 

each MS4 Planning Area model run.  The only difference between each of these model runs 

was the Urban Area layer file and lookup table. The Urban areas digitized for each model run 

captured as much acreage as possible while excluding as much as the parsed ground as was 

reasonable possible to get the most accurate loading rates.  In some cases land use acreage 

adjustments were still necessary to exclude parsed area and include “islands” of planning 

area that weren’t captured in the model run. The sum of all model runs and acreage 

adjustments is included in Table 3 in the Existing Loads section of the PRP.  

 

Based on the location of the Main Stem Little Conestoga watershed and Brubaker Run 

watershed, four and two model runs were required, respectively, The sum of the loading from 

each model run is included in Table 3 of the Existing Loads section of the PRP. 

 

Screen shots of the UA Tool for each Urban Area MS4 Planning Area Run is provided below. 
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Little Conestoga MS4 Planning UA Main Stem Model Run 1
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Little Conestoga MS4 Planning UA Main Stem Model Run 2
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Little Conestoga MS4 Planning UA Main Stem Model Run 3
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Little Conestoga MS4 Planning UA Main Stem Model Run 4
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Swarr Run MS4 Planning Area UA 
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Miller Run MS4 Planning Area 
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Brubaker Run MS4 Planning Area UA Model Run 1
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Brubaker Run MS4 Planning Area UA Model Run 2
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West Branch MS4 Planning Area UA 
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Existing Stormwater BMP Model Runs 

The following screen shots represent the entries into the Urban BMP Editor in the MapShed 

model as well as the MapShed model run results.  Aside from the inputs into the Urban BMP 

editor, all inputs matched the Little Conestoga Baseline Watershed Run.   
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Little Conestoga Watershed Existing Runoff Reduction BMPs Input 
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Little Conestoga Watershed Existing Runoff Reduction BMPs Results 
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Little Conestoga Watershed Existing Stormwater Treatment BMPs Input 
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Little Conestoga Watershed Existing Stormwater Treatment BMPs Results
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Swarr Run Watershed Existing Runoff Reduction BMPs Input
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Swarr Run Watershed Existing Runoff Reduction BMPs Results
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Swarr Run Watershed Existing Stormwater Treatment BMPs Input
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Swarr Run Watershed Existing Stormwater Treatment BMPs Results
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Brubaker Run Watershed Existing Runoff Reduction BMPs Input
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Brubaker Run Watershed Runoff Reduction BMPs Results
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Brubaker Run Watershed Existing Stormwater Treatment BMPs Input
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Brubaker Run Watershed Existing Stormwater Treatment BMPs Results
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Proposed BMP Urban BMP Editor Screenshots 

 

Maintenance Facility Rain Gardens Input 
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Maintenance Facility Rain Gardens Results
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Village Grande Bioretention Area Input
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Village Grande Bioretention Area Results
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Appendix D. East Hempfield Township Existing  BMP Documentation 

NPDES# BMP Type Date Location Watershed RR or ST
BMP/ treated 

Volume (cf)

Drainage 

Area 

Treated (ac)

Impervious Area 

Treated (ac)
Pervious Area (ac)

Runoff Storage 

(RS)(12)/IA (in)

PAG02003614059 Infiltration Basin and Trench 2015 2907 Columbia Ave, Lanaster Brubaker Run RR 4476 1.00 0.67 0.33 1.84

PAG02003612003 Infiltration Basin (2),  Bioinfiltration Area 2013 630 Centerville Road, Lancaster PA Brubaker Run RR 17263 5 1.52 3.40 3.13

PAG02003613085 Infiltration Basin (2), Rain Garden 2016 2501 Noll Drive, Lancaster PA Brubaker Run RR 117961 18.23 9.73 8.50 3.34

PAG02003611059 Infiltration Basin 2012 500 Running Pump Road, Lancaster PA Brubaker Run RR 5059 11.49 0.63 10.86 2.20

PAG02003613070 Infiltration Basin, Rain Garden 2014 near 378 Running Pump Road, Lancaster PA Brubaker Run RR 125888 29.85 24.58 5.27 1.41

PAG2003603076 Subsurface Infiltration Bed (3) 2003 90 Good Drive, Lancaster PA Brubaker Run RR 1125 0.20 0.20 0.00 1.57

PAG2003605084 Infiltration Basin with forebay 2003 625 Community Way, Lancaster PA Brubaker Run RR 41556 3.00 2.25 0.75 5.09

PAG2003607082 Subsurface infiltration (2)/2009 2009 301 Rohrestown Road, Lancaster PA Brubaker Run RR 59472 5.68 5.68 0.00 2.88

PAG02003610008 Infiltration Basin/July 2011 2011 3050 Hempland Road, Lancaster Brubaker Run RR 1211 2.60 2.60 0.00 0.13

PAG2003605131 Swales (3), Subsurface Infiltration 2007 Intersection of noll Drive & Rohrestown Road Brubaker Run RR 4200 0.40 0.40 0.00 2.89

378211 77.36 48.261 29.102 24.49

31.31 19.530 11.894 62.19

PAG02003611059 Dry Extended Detention Basin 2012 500 Running Pump Road, Lancaster PA Brubaker Run ST 3315 2.39 0.17 2.22 5.49

PAG02003612032 Dry Extended Detention Basin (with Amended Soils/Plantings) 2014 3001 Industry Drive, Lancaster PA Brubaker Run ST 28322 3.17 3.17 0.00 2.46

PAG02003611040 Water Quality Inserts/Inlets (Under Construction) 2017 1800 Villiage Circle, Lancaster PA Brubaker Run ST 50639 9.08 4.66 4.42 2.99

PAG2003605128 Water Quality Inserts/Inlets 2007 3101 Columbia Ave, Lancaster PA Brubaker Run ST 9376 0.90 0.90 0.00 2.87

91652 15.54 8.90 6.64 13.81

6.29 3.60 2.69 35.08
PAG2003607004 Infiltration Basin (Under construction) 2017 (Near 241 Bethel Drive)  40.059237, -76.365064 Little Conestoga RR 16901 5.70 1.36 4.34 3.42

PAG2003604081 Pervious Pavement, Infiltration Bed, Vegetated Swale (5) 2013 5240 Main Street, East Petersburg, PA Little Conestoga RR 28054 1.73 1.47 0.26 5.26

PAG2003604061 Subsurface Infiltration (Seepage Pit) 2010 5120 Main Street, East Petersburg PA Little Conestoga RR 3136 0.03 0.03 0.00 28.80

PAG02003611033 Vegetated Swales, Rain Garden 2012 1107 Enterprise Road, East Petersburg PA Little Conestoga RR 11076 1.72 1.72 0.00 1.77

PAG02003611062 Rain Garden/Bioretention, Runoff Capture and Reuse 2014 2102 Harrisburg Pike, Lancaster PA Little Conestoga RR 25476 7.25 6.06 1.19 1.16

PAG02003613081 Infiltration Trench 2015 2211-2213 Leabrook Road, Lancaster PA Little Conestoga RR 454 0.04 0.04 0.00 3.13

PAG2003605043 Infiltration Basin, Vegetated Swale (2) 2008 1780 Rohrestown Road, Lancaster PA Little Conestoga RR 5205 6.80 1.41 5.39 1.02

PAG10-O-383-R Infiltration Basin 2003 690 Good Drive Lancaster PA Little Conestoga RR 124442 12.08 1.45 10.63 23.64

214744 35.45 13.54 21.81 68.20

14.34 5.48 8.83 173.22
PAG02003611062 Dry Extended Detention Basin 2014 2102 Harrisburg Pike, Lancaster PA Little Conestoga ST 1220 2.28 1.90 0.38 0.18

PAG02003610065 Dry Extended Detention Basin/ (2014) 2014 2080 Spring Valley Road, Lancaster PA Little Conestoga ST 475 3.90 1.58 2.32 0.08

1695 6.18 3.48 2.70 0.26

2.50 1.41 1.09 0.66
PAG02003611038-R Subsurface Infiltration Bed (4) Mimosa Lane, Lancaster PA Millers Run RR 24089 4.86 3.99 0.87 1.66

PAG2003604055 Dry wells/August 2008 2008 3,7,11,15,19 Twin Oaks Hollow Millers Run RR 2105 0.21 0.21 0.00 2.76

PAG2003604055 Vegetated Swales (6) 2008 near 724 Dorsea Road, Lancaster PA Millers Run RR 2879 4.94 1.29 3.65 0.61

PAG2003603104/PAG2003609044Vegetated Swales, Subsurface Infiltration Bed 2015 near 2250 Harrisburg Pike, Lancaster PA Millers Run RR 94671 44.37 35.93 8.44 0.73

PAG02003612034 Infiltration trenches, Swales (2), Subsurface Infiltration Area 2015 3485 Nolt Road Lancaster PA Swarr Run RR 7331 10.91 0.44 10.47 4.59

PAG2003609012 Vegetated Swales (2) 2016 near 1400 McGovernville Road, Lancaster PA Swarr Run RR 67 2.83 1.25 1.58 0.01

PAG02003614081 Rain Garden/Bioretention 2015 1908 McFarland Drive, Landisville, PA Swarr Run RR 4757 0.50 0.50 0.00 2.62

PAG02003613038 Vegetated Swale 2013 200 Church Street Landisville PA Swarr Run RR 3416 0.71 0.71 0.00 1.33

PAG2003604069 Vegetated Swale (2) 2009 near 206-226 Meadow Creek Drive, Landisville PA Swarr Run RR 546 2.69 1.43 1.26 0.11

PAG2003604055 Bioinfiltration 2014 near 2442 Harrisburg Ave, Lancaster PA /1286 Getz Way Lancaster Swarr Run RR 20168 6.02 6.02 0.00 0.92

PAG2003603044 Infiltration Basin 2008 3435 Nolt Road, Lancaster PA Swarr Run RR 29396 7.00 5.87 1.13 1.38

189425 85.04 57.64 27.40 16.72

34.42 23.33 69.61 42.48
PAG02003611038-R Constructed wetlands (2) Mimosa Lane, Lancaster PA Millers Run ST 697 13.54 3.99 9.55 0.05

PAG2003607093 Water Quality Inserts/Inlets (2) /November 2009 near 3115 Nolt Road, Lancaster PA Swarr Run ST 7275 0.65 0.65 0.00 3.08

7972 14.19 4.64 9.55 3.13

5.74 1.88 3.86 7.95

Swar Run Stream Stabilization and Buffer 2003 2701 State Road Lancaster Swarr Run 1500 ft

TOTAL RR FOR BRUBAKER RUN

TOTAL RR FOR BRUBAKER RUN (MAPSHED CONVERSION  - hectares and centimeter)

TOTAL RR FOR LITTLE CONESTOGA

TOTAL RR FOR LITTLE CONESTOGA (MAPSHED CONVERSION - hectares and centimeter)

TOTAL ST FOR SWARR RUN (MAPSHED CONVERSION - hectares and centimeters)

TOTAL ST FOR LITTLE CONESTOGA

TOTAL ST FOR LITTLE CONESTOGA (MAPSHED CONVERSION - hecatares and centimer)

TOTAL RR FOR SWARR RUN 

TOTAL RR FOR SWARR RUN (MAPSHED CONVERSION - hectares and centimeters)

TOTAL ST FOR SWARR RUN

TOTAL ST FOR BRUBAKER RUN

TOTAL ST FOR BRUBAKER RUN (MAPSHED CONVERSION - hectares and centimenter)
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Introduction 

 

The Brubaker Run Floodplain Restoration associated with the Lime Spring Square 

development project is a 4,350 LF floodplain restoration that is being implemented in the 

Brubaker Run Watershed.  This floodplain restoration is a public-private partnership between 

East Hempfield Township and Oak Tree Development Group.  The 8.6 acre floodplain 

restoration project is part of the 98.16 acre Lime Spring Square commercial development 

project and, in addition to being an ecological restoration of the stream and floodplain 

corridor, is intended to provide stormwater management services as part of the Township 

and NPDES permit requirements for the land development activity.  The anticipated sediment 

load reduction resulting from the project will far exceed the water quality impacts of the 

proposed land development activity.  This summary documents the field assessment, 

monitoring, and calculations used to predict the sediment load reduction provided by the 

restoration project, the sediment load resulting from the land development site, and the net 

sediment reduction anticipated as a result of the overall project. 

 

Site Assessment and Monitoring 

 

As part of the geomorphic site assessment completed prior to the floodplain restoration 

design bank erosion rate estimates were developed using the Bank Assessment for Non-

Point Source Consequences of Sediment (BANCS, Rosgen 2001) assessment procedures.  In 

addition bank pins were placed in four locations in December 2015 to measure actual bank 

erosion in strategic, representative locations within the project reach.  The preliminary 

BANCS assessment results were calibrated using seventeen months of bank pin data 

collected by measuring actual bank pin exposure at each of the four bank pin sites.  This 

calibration provided a revised annual reach-wide bank erosion rate in tons per year. 

 

Load Reduction Calculations 

 

Load reduction calculations for the Brubaker Run floodplain restoration project were 

developed using the procedures established in the Recommendations of the Expert Panel to 

Define Removal Rates for Individual Stream Restoration Projects (Schueler and Stack, 

2014).  The largest part of these calculated load reductions is a function of the elimination of 

bank erosion as a source of sediment, as defined by Protocol 1 of the Expert Panel 

procedures.  The Expert Panel report recommends using the BANCS method or monitoring to 

estimate bank erosion rates and identifies some uncertainty and potential for subjectivity in 

using the BANCS method.  Using measured bank pin data to calibrate the BANCS results 

significantly reduces the potential variability in the data and provides a much more robust 
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estimate of the actual reach-wide erosion rates.  This reduces the “uncertainty” on the front-

end of the load reduction estimates for the Brubaker Run site. 

  

The Expert Panel report cites limited effectiveness of stream restoration projects in reducing 

sediment loads, but the technical basis for this assumption is based on a sample size of 

one.  The protocols are intended to address a wide range of restoration projects, however, 

different design approaches inherently have varying long term rates of stability.  The 

floodplain restoration design at Brubaker Run (similar to numerous other floodplain 

restoration projects) has two factors that will lead to an extremely high efficiency with regard 

to sediment load reductions: 

 

 Streambank sediment is the single greatest contributor to sediment loading.  This 

design approach completely removes that source of sediment from the floodplain.  If 

the sediment is not there to erode, it can’t contribute to the in-stream sediment 

load.  This differs from other restoration approaches that manage shear stress, and 

subsequent erosion, using structures (rock or log vanes, root wads, etc.) 

 The design shear stress of the restored floodplain is generally 1 lb/sf or less.    This 

low-stress condition is created by a design geometry that facilitates out of bank flow 

during small storm events and maintains low depths and velocities even during high 

flow events.  This creates inherent systemic stability and nearly eliminates the 

possibility of destabilization due to extreme storm events that may compromise a 

weak point in other types of restoration projects. 

 

These factors reduce the “uncertainty” on the post-restoration side by insuring that the 

project becomes a sediment sink rather than a sediment source. 

 

The protocol prescribes an “Uncertainty Factor” of 50% to be applied to the bank erosion 

rates when determining the calculated sediment load reduction.  Flexibility is granted to 

states to adjust this uncertainty factor when more data is available to justify such an 

adjustment.  Based on the discussion above, a 100% efficiency value could be applied for 

this project, given the level of data available and the design approach used.  Based on 

negotiations with PA DEP staff, East Hempfield Township is proposing a 75% efficiency value 

for the bank erosion reduction component of the load reduction calculations, with the option 

to increase that efficiency based on turbidity data that will be collected as part of the NPDES 

permit requirements for the Lime Spring Square development project. 

 

Additional sediment load reduction resulting from the filtration of runoff from upstream in the 

watershed is estimated using Protocol 3 from the Expert Panel report.  While this value is 

significantly less than the Protocol 1 estimate, it is included in the total anticipated load 

reduction, as shown on the attached calculation summary.  Protocol 2 addresses Nitrogen 

load reduction and is not included with this discussion.  
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Before load reductions can be realized by East Hempfield Township towards the Pollutant 

Reduction Plan (PRP) requirement, the load reduction required to offset the land 

development activity under the NPDES permit for Lime Spring Square needs to be achieved.  

The NPDES requirement is based on a 2-year storm event, while the PRP load reduction and 

Expert Panel protocols are based on an annual loading rate.  To determine the annual 

sediment loading resulting from the commercial development area, the 98.16 ac parcel was 

multiplied by the annual MapShed loading rate for the medium density mixed land use 

category which is 65.2 lbs. /ac. (see Table 2 in the PRP text).  This equates to 6,400 lbs. per 

year loading from the development site that must be removed to meet NPDES permit 

requirements.  The floodplain restoration mitigates all peak rate and volume impacts 

resulting from the development site, so additional downstream bank erosion loading is not a 

factor and does not need to be considered in this calculation. 

 

Based on the discussion provided above, and the attached Sediment Load Reduction 

Calculations, the net sediment load reduction to be realized by the Brubaker Run Floodplain 

Restoration   

 

Brubaker Run Floodplain Restoration Sediment Reduction 

 

 

 

 

 Sediment  (lb./yr) 

Brubaker Run Floodplain Restoration Base Sediment Reduction 797,221 

Annualized sediment load from development site (NPDES Requirement) 6,400 

Net Brubaker Run Sediment Reduction with NPDES requirement removed 790,821 
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Load Reduction Summary

Load Reduction Method Nitrogen (lb/yr)
Phosphorus 

(lb/yr)
Sediment  

(lb/yr)

Protocol 1 1,643 227 782,348
Protocol 2 3,479 N/A N/A
Protocol 3 651 27 14,873

Total 5,773 254 797,221

N (lb/T) * P (lb/T)*
Sediment (lb/yr/ft 
of reach)**

Existing Loading Rate On-site 4.2 0.58 239.8

Restored Reach Length On-site 4,350 lf

N*** P*** Sediment****

On-site 2,190.6 302.5 1,043,130.0

Total (lb/yr) 2,190.6 302.5 1,043,130.0

1,642.9 226.9 782,347.5

***N and P Yields = Nutrient Concentration x Total Sediment Yield

****Annual Sediment Yield = Sediment Loading Rate x Reach Length

† Load Credited based on 25% reduction factor, as prescribed in CBP 2014

* Nitrogen Concentrations determined from soil test results; Phosphorus concentrations based on data from CBP 2014

Protocol #1 - Bank Erosion Prevention

Nutrient and Sediment Load Reductions

Reduction for Site (Current Annual Yield, lb/yr)

Load Credited†(lb/yr) =

**Sediment Loading Rate determined from BANCS assessent
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Load Reduction Summary

4,350 ft

7 ft
79 ft
2 ft

749,232 cf
96 lb/cf

2.65.E-04 lb/day/ton

3,478.53 lb/yr

Annual Loads Impervious Pervious Total
lb/ ac/yr* 38.53 22.24

lb/ yr 18,301.75 20,007.10 38,308.85
Annual Reduction**= 1,040.87

651.21 lb

Annual Loads Impervious Pervious Total
lb/ ac/yr* 1.55 0.36

lb/ yr 736.25 323.86 1060.11
Annual Reduction**= 43.21

27.03 lb

Annual Loads Impervious Pervious Total
lb/ ac/yr* 1,480.43 190.93

lb/ yr 703,204.25 171,760.63 874,964.88
Annual Reduction**= 23,773.31

14,873.45 lb

Protocol #3  -  Storm Flow Floodplain Reconnection

Protocol #2 - Base Flow Reductions in Hyporheic Zone

Nutrient Load Reductions

Length of Stream Reconnected to Floodplain

Estimated Channel Width
Additional Width of Hyporheic Zone
Assumed Depth of Hyporheic Zone
Hyporheic Box Volume
Bulk Density of Soil

Hyporheic Exchange Rate

TN Credit

Adjusted Annual Reduction***

* Annual loading from Edge of Stream Unit Loading Rates provided By CBWM v. 5.3.2

** Annual Reductions = Total Annual Load * % Removal 

*** Adjusted annual reduction = Annual reduction * adjustment factor based on ratio of project size to watershed

Nutrient and Sediment Load Reductions 

TN

Adjusted Annual Reduction***

TP

Adjusted Annual Reduction***

TSS


