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Introduction 
The Center for Watershed Protection, Inc. (the Center), through funding from the 

National Fish and Wildlife Foundation, assisted the municipalities within the Paxton 

Creek Watershed with an evaluation of potential stream restoration sites. The 13 stream 

sites were identified in the municipalities’ Joint Pollutant Reduction Plan (Joint PRP) 

which covers the Paxton Creek Watershed TMDL, Chesapeake Bay Plan PRP, Wildwood 

Lake PRP, and the UNT Spring Creek PRP. The stream sites were all located in the City of 

Harrisburg, Susquehanna Township, and Lower Paxton Township (Figure 1). 

Upon inspection, it was determined that several of the proposed stream restoration sites 

were not good candidates for restoration. Generally, the sites lacked the annual 

erosion to justify costly restoration design and construction, had topography that 

created difficult access for construction equipment, had the potential to damage 

habitat, or were politically not eligible due to a lack of landowner support. The Center 

determined that five of the 13 sites had potential for restoration. In order to aid in the 

identification of additional restoration sites, the Center engaged the Water Science 

Institute (WSI) to create a geographic information system (GIS) map of the watershed to 

indicate erosive and depositional conditions along streambanks in the Paxton Creek 

Watershed. The GIS process utilized Digital Elevation Models (DEMs) created by Light 

Detection and Ranging (LiDAR) data obtained in 2008, and 2016. The DEMs from the 

separate years were differenced against each other (2016 data subtracted from the 

2008 data), showing where the elevation of the streambank had changed negative 

(indicating erosion) and positive (indicating deposition). The process performed by WSI 

is referred to as creating a DEM of difference (DoD). The process assisted in the 

identification of another major reach of stream that had strong potential for restoration. 

The Center analyzed the erosion potential of six restoration sites (Figure 2). Five of the 

sites were selected from the municipalities’ Joint PRP. The final was selected from the 

DoD. In total, 10,335 linear feet of stream banks were assessed using the Bank 

Assessment for Non-point source Consequences of Sediment (BANCS) method. The 

potential sediment reduction benefits of stream restoration projects at those locations 

were calculated following the guidance of the Chesapeake Bay Program (CBP) Stream 

Restoration Expert Panel Report (Schueler and Stack 2014). Currently, the Pennsylvania 

Department of Environmental Protection (DEP) guidance discusses the application of 

two different methods in the CBP Stream Restoration Expert Panel Report, the default 

rate method, and the BANCS method. The two sediment calculation methods correlate 

to the Phase 5.3.2 Chesapeake Bay Watershed Model. As a result of changes for the 

Phase 6 Watershed Model, it is unclear how the existing stream restoration credit 
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reductions should be calculated and reported. The Center developed an approach 

that utilizes elements of the Phase 6 calculation method. The Center engaged the DEP 

to discuss the ability to use this method for sediment reduction reporting and believes it 

to be a logical approach. However, the DEP advised of the need for further evaluation 

before final approval is granted. 

 

Figure 1. Approximate area of stream analysis in Harrisburg, Susquehanna Township, and Lower 

Paxton Township. 
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Figure 2. Locations of six potential stream restoration sites. 
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DEMs of Difference 
After an initial reconnaissance of the 13 restoration sites provided in the Joint PRP and 

discussing the local landowner and political issues with the municipalities, field work by 

the Center yielded only five stream sites with the potential for restoration. The Joint PRP 

sediment reduction goal is significant at 1,625,053 lbs/yr, and with the need for future 

water quality improvement work within Paxton Creek, the Center sought to find another 

potential restoration site within the watershed.    

Therefore, the Center engaged the Water Science Institute (WSI) to create a GIS map 

of the watershed to indicate erosive and depositional conditions along streambanks in 

the Paxton Creek Watershed. The GIS process utilized LiDAR DEMs obtained from 2008 

and 2016. The DEMs were differenced against each other (2016 data subtracted from 

the 2008 data), showing where the elevation of the streambank had changed 

negative (indicating erosion) and positive (indicating deposition). The process 

performed by WSI is referred to as creating a DEM of difference (DoD). By scanning the 

resulting DoD GIS watershed map, an area of high erosion was apparent near 

coordinates 40.307081, -76.870258, in Susquehanna Township (Figure 3). The process 

assisted in the identification of another major reach of stream that had strong potential 

for restoration, which was added to the BMP list as BMP-17 (Figure 2).  

Further analysis was also performed with the DoD GIS map in an attempt to measure 

the erosion and depositional changes that occurred. While this analysis was not entirely 

successful due to various issues, such as removing inaccurate water surface elevation 

data and accurately determining the error in measurement, the analysis is a very 

promising direction for future study.   

As the greatest error propagated through the analysis is due to the older, less 

sophisticated 2008 LiDAR information, WSI was employed to fly drones over BMPs-5, -12, 

and -17, to gather photogrammetry data that could be processed into highly accurate 

GIS DEMs. The drone gathered DEMs were then differenced against the much more 

accurate 2016 data set, eliminating the need to utilize the 2008 LiDAR data. The 

resulting report from WSI is included as Appendix C. 

Please note that the WSI analysis accidentally refers to BMP -17 as BMP -10, did not 

analyze the entirety of BMP -17, and misplaced BANCS data for BMP -17 with the actual 

BMP -10 data. 
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Figure 3. DoD map of Paxton Creek indicating erosion (in blue) and deposition (in red). The site 

would later be chosen for analysis as BMP-17 utilizing the BANCS method. 

BANCS Assessment 
Protocol 1 of the Stream Restoration Expert Panel (Schueler and Stack 2014) provides an 

annual mass nutrient and sediment reduction credit for qualifying stream restoration 

practices that prevent channel or bank erosion that would otherwise be delivered 

downstream from an actively enlarging or incising stream. This protocol allows for credit 

estimation through both a modeling approach (i.e., BANCS assessment) or monitoring 

approach. A BANCS assessment was conducted for six proposed stream restoration 

sites (Figure 2).   

Method 
The BANCS model evaluates bank characteristics and flow distribution along river 

reaches through quantitative assessments of Bank Erosion Hazard Index (BEHI) and 

Near-Bank Stress (NBS). The BEHI is a field method to evaluate bank erodibility potential 

at a typical study bank or a study bank length. Several bank characteristics are 

measured including top of bank and bankfull height, rooting depth, root density, bank 
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angle, percent bank protection, bank composition, and bank material stratification. 

NBS is used to estimate bank stress associated with bankfull flows. The use of stream 

pattern, shape, and depositional areas provides a rapid method to estimate NBS for a 

study reach for general assessment. The BEHI is used in conjunction with NBS to predict 

bank erosion quantities and rate of erosion using existing bank erodibility curves, which 

are graphs that relate combinations of BEHI and NBS ratings with actual erosion rates 

(Rosgen, 2001; U.S. FWS, 2016a; U.S. FWS, 2016b). Estimated erosion rates from the bank 

erodibility curves are then multiplied by the bank height, length of a similar bank 

condition, and the soil bulk density, providing an estimate of sediment loss per year. 

During May 2018 to February 2019, Center staff performed BANCS assessments on the six 

stream sites (Figure 2). Using GPS-enabled field tablets, the team identified, mapped, 

photo documented, and completed a BANCS assessment for each eroding bank in the 

identified reach. The data was then imported from the field tablet into a series of 

spreadsheets, which provides both specific data on each bank, as well as a summary 

of all banks in the study reach. The results of this analysis are represented in Appendix A. 

A map depicting each erosive stream segment analyzed during the field work is also 

provided in Appendix A.  

Bulk Density 
The CBP Stream Restoration Expert Panel Report recommends that each project require 

its own bulk density analysis from multiple locations within the stream channel. Bulk 

density has a large impact on the estimated annual sediment loading rate, as it is the 

bulk density (in lb/ft3) which is multiplied by the volume of sediment eroded (in ft3) to 

obtain the load of sediment removed (in lb). 

Bulk density samples were collected by Dr. Robert Walter of WSI. A shovel was used to 

remove approximately 4 cups of soil from representative locations along the 

streambank profiles of BMPs -04, -05, -09, -10, and -12. Bulk density sample analysis was 

conducted by Dr. Robert Walter of WSI and analyzed in his laboratory at Franklin and 

Marshall College.  

The average bulk density for all the samples obtained was applied to the BANCS 

calculations to obtain an estimated sediment load. The average result was utilized for 

two reasons. First, this report is providing further information for planning and prioritizing 

stream restoration projects. The design parameters and precise boundaries are not 

known as of this time. Once the design boundaries are known, bulk density samples 

should be obtained from several representative locations along the stream bank within 

the boundaries of the restoration and utilized for site-specific crediting. Second, a CBP 

workgroup is reviewing Protocol 1 in order to make recommendations to improve its 

guidance and methods on how soil bulk density samples should be collected and 

analyzed. Therefore, the requirements for sample collection may change. 

The soil bulk density results are summarized in Table 1. The procedure used to determine 

soil bulk density from the watershed representative samples is included as Appendix B. 
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Table 1. Bulk density results for selected banks. 

Site ID Bulk Density (lbs/ft3) 

BMP-04 76.16 

BMP-05A 72.42 

BMP-05B 76.16 

BMP-09A 69.92 

BMP-10A 67.42 

BMP-10B 72.42 

BMP-12A 69.30 

BMP-12B 74.91 

BMP-12C 69.30 

Average of Bulk Density Samples 72.42 

 

BANCS Results 
The results of the BANCS analysis are provided in Appendix A. Each stream segment is 

listed with the ID, length, height, erosion rate without crediting qualifiers (no sediment 

delivery ratios or performance efficiencies), erosion load without crediting qualifiers, 

and the erosion load as calculated in three variations using DEP and CBP requirements 

for sediment crediting.  

Stream Restoration Crediting in the Chesapeake Bay Program  
Currently, the CBP is operating under the Phase 6 Watershed Model. However, much of 

the DEP guidance that exists for MS4 crediting is based on the Phase 5.3.2 Watershed 

Model. As a result of the changes for the Phase 6 Watershed Model, there is limited 

guidance as to how stream restoration reductions should be calculated and reported. 

The Center developed an approach utilizing aspects of the sediment delivery ratio in 

the Phase 6 stream restoration calculation method.  

Default Rate 

The DEP MS4 guidance currently includes two different generic loading rate values that 

may be applied as a “default rate” for stream restoration crediting. The first comes from 

the Streambank Restoration Expert Panel Report (Schueler and Stack 2014). The 

document provides a default rate value of 44.88 lbs/ft/yr to be applied to stream 

restoration projects. However, the DEP MS4 guidance document, “National Pollutant 

Discharge Elimination System (NPDES) Stormwater Discharges from Small Municipal 

Separate Storm Sewer Systems Pollutant Reduction Plan (PRP) Instructions” (PRP 

Instructions) states: 

Where existing sediment loads were calculated using modeling at a local 

watershed scale, the default rate to be used is 115 lb/ft/yr. This default rate 

comes from a convergence of MapShed modeled streambank erosion loads 

from a group of urbanized watersheds, the 248 lb/ft default edge-of-field (EOF) 

rate in the Expert Panel Report with the 50% efficiency uncertainty factor 

specified for the Protocols applied, and field data were collected following the 
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BANCS methodology where projects have been implemented and load 

reductions calculated using the Protocols (pg. 3). 

However, the PRP Instructions further states: 

NOTE – Use of default effectiveness values (44.88 lb/ft/yr and 115 lb/ft/yr) will be 

accepted for the subsequent permit term. It is recommended that the data 

required to complete load calculations using the Protocols be collected during 

the design phase for use in subsequent load reduction calculations (pg. 3). 

As the Joint PRP for Paxton Creek provided the default rate of 115 lb/ft/yr for planning 

level stream restoration analysis, the Center utilized the same value as PRP Crediting 

Option 1. To calculate the sediment reductions from a stream restoration project, the 

length of the stream segment is simply multiplied by the default rate of 115 lbs/ft/yr to 

obtain a sediment load reduced per year. There is no use of the soil bulk density as 

there is in the BANCS method. Consistent with the CBP Stream Restoration Protocol, the 

Center strongly encourages the use of the BANCS stream restoration crediting protocols 

over the use of the default rate to gain a more thorough understanding of the erosive 

losses within the stream channel. 

Sediment Delivery Ratios 

The current Phase 5.3.2 PRP crediting method utilizing Protocol 1 in the CBP Expert Panel 

Report requires that sediment load calculated from the BANCS assessment must be 

multiplied by a sediment delivery ratio of 0.181. The ratio is required as the Phase 5.3.2 

model predicts that of the sediment erosion predicted from the BANCS assessment, only 

0.181 lb of every 1 lb will reach the Chesapeake Bay.  

Instead of one generic sediment delivery ratio, as in the Phase 5.3.2 model, the Phase 6 

model now has two sediment delivery ratios:  one that is applied to calculate “stream-

to-river” losses, and one that is applied to account for “river-to-bay” losses. Further, the 

stream-to-river losses have been discretized to provide specific delivery ratios to each 

of the major stream segments within the Chesapeake Bay watershed. The specific 

stream-to-river sediment delivery ratio for the sections of Paxton Creek that were 

analyzed is 0.4042622. The river-to-bay sediment delivery ratio is 0.4688981. In order to 

calculate the load delivered to the Chesapeake Bay, the stream-to-river and river-to-

bay sediment delivery ratios are multiplied together yielding a value of 0.190. The 

product of those two delivery ratios replaces the 0.181 ratio that is was generically 

applied in the Phase 5.3.2 model. 

For the purposes of local MS4 implementation and local water quality restoration as a 

primary focus from DEP, the Center explored adaptations to the CBP Phase 6 methods 

to estimate pollutant load reductions from stream restoration projects. The Center 

engaged the DEP to discuss the potential to use only the stream-to-river sediment 

delivery ratio for PRP crediting, as the Commonwealth may apply the river-to-bay ratio 

to determine Pennsylvania crediting. The DEP was not able to issue a final approval of 

the method at this time, as there are ongoing conversations regarding stream 

restoration crediting in the CBP Office. However, for the analysis provided herein, only 
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the stream-to-river ratio of 0.4042622 is utilized to determine the Phase 6 credit model 

sediment reductions without the application of the river-to-bay ratio.  

Restoration Efficiencies 

The CBP Stream Restoration Expert Panel requires that a 50% restoration efficiency must 

be applied to the nutrient and sediment PRP load reductions, to account for the 

uncertainty in the effectiveness of the stream restoration activity. However, the current 

Protocol allows for up to 100% restoration efficiency to be applied for pre and post 

construction monitoring. There is currently a CBP workgroup that is seeking to update 

Protocol 1 from the Expert Panel Report. As of the submission of this report, the 

workgroup is strongly considering providing varying levels of restoration efficiency 

based on the level of monitoring effort performed in both pre and post construction 

phases.  For example, a 75% restoration efficiency may be provided by the workgroup 

for instances where BANCS analysis is performed, bulk density samples are obtained, 

and bank profiles are created using cross section data for both pre and post 

construction monitoring. Greater efficiencies may be applied by engaging in more 

extensive and robust pre and post construction monitoring over longer periods of time. 

PRP Crediting Options 
There are several considerations in determining the appropriate strategy for crediting 

stream restoration projects, such as utilizing the default rate, or determining the 

appropriate sediment delivery ratios and restoration efficiencies. Further, the sediment 

reduction crediting methodologies are ever evolving. The Center has provided three 

separate PRP Crediting Options for the municipalities to assist in determining the most 

beneficial method to calculate the sediment erosion from the banks analyzed, 

including the default rate applied to the lengths of stream with eroding banks, the CBP 

Phase 5.3.2 method with a 50% efficiency, and the CBP Phase 6 method with a 50% 

efficiency applied. The 50% efficiency was chosen as it is the baseline credit provided 

with no additional monitoring work required. The PRP Crediting Options are summarized 

in Table 2. However, if the municipalities choose to engage in monitoring, the BANCS 

crediting values may be obtained for both the Phase 5.3.2 and the Phase 6 by 

multiplying the desired efficiency by the Erosion Load provided in the Bank Erosion 

Summary Tables provided for each BMP in Appendix A. If the Phase 5.3.2 result is 

desired, multiply the product by 0.181 to apply the sediment delivery ratio. If the Phase 

6 result is desired, multiply by 0.4042622 to determine the stream to river sediment 

delivery or by 0.190 to determine the load delivered to the Chesapeake Bay.  

Table 2. PRP crediting options. 

PRP Crediting Option Description 

1- Default Rate 
115 lbs/ft/yr multiplied by the length of stream 

segment analyzed 

2- Phase 5.3.2 BANCS Method with 50% 

Efficiency 

Stream-to-river sediment delivery ratio of 0.181 

applied with a 50% restoration efficiency 

3- Phase 6 BANCS Method with 50% 

Efficiency 

Stream-to-river sediment delivery ratio of 

0.4042622 applied with a 50% restoration 

efficiency 
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Results and Discussion 

DEMs of Difference 
After an initial reconnaissance of the 13 restoration sites provided in the Joint PRP and 

discussing the local landowner and political issues with the municipalities, field work by 

the Center yielded only five stream sites with the potential for restoration. With the 

significant Joint PRP sediment reduction goal at 1,625,053 lbs/yr, the Center sought to 

find another potential restoration site within the watershed by utilizing the DoD map 

created by the WSI. Analysis of the DoD GIS watershed map indicated a stream reach 

with high erosion near coordinates 40.307081, -76.870258, in Susquehanna Township 

(Figure 3). The process assisted in the identification of another major reach of stream 

that had strong potential for restoration, which was added to the BMP list as BMP-17 

(Figure 2).  

Further analysis was also performed with the DoD GIS map to measure the erosion and 

depositional changes that occurred between the 2008 to 2016 LiDAR data sets. The 

analysis was not fully successful but was determined to contain a great deal of 

potential, and guided the Center to several key questions that must be resolved to 

implement this measurement technique in the future. For example, the Center 

determined the need to develop a cost and time effective method to eliminate the 

data noise that occurs when generating DEMs across stream channels. The data noise 

occurs due to LiDAR’s inability to penetrate water surfaces. When differenced, the data 

noise gives a false sense of change where none may have occurred. Another key area 

of future study is the quantification of the error in measurement, which is key in 

accurately understanding the measurement data.   

As the greatest error propagated through the analysis is due to the older, less 

sophisticated 2008 LiDAR information, WSI was employed to fly drones over BMPs -5, -12, 

and -17, to gather photogrammetry data that could be processed into highly accurate 

GIS DEMs. The drone flybys occurred during late November and early December 2018. 

The DEMs processed from the drone photogrammetry were differenced against the 

much more accurate 2016 data set, eliminating the need to utilize the 2008 LiDAR data. 

The intent was to produce a much more accurate DoD. The resulting report from WSI is 

included as Appendix C. 

While the error was decreased by differencing the more accurate data sets, the length 

of the differencing data analysis was decreased significantly (from 2016 to 2018 

compared to 2008 to 2016) resulting in a less thorough change analysis. Additionally, 

further investigation is required to determine precisely how much more accurate the 

2016 to 2018 differenced data is, and if the increased accuracy is worth the cost 

associated with gathering the data. 

The WSI drone analysis is included as Appendix C. Note the WSI analysis accidentally 

refers to BMP -17 as BMP -10, analyzed a small section of BMP -17, and misplaced 

BANCS data for BMP -17 with the actual BMP 10 data. 
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PRP Crediting Options 
A summary of the results of the PRP crediting calculations is provided in Table 3. 

Additionally, in Table 3 the results of the BANCS analysis are provided but with no 

crediting qualifiers applied (i.e. no percent efficiency and no sediment delivery ratio). 

The default rate calculation yields a substantial sediment reduction for all of the stream 

sites analyzed. Due to the increased sediment delivery ratio, the Phase 6 BANCS 

method calculation values are consistently greater than the Phase 5.3.2 method. 

However, comparing the BANCS analysis with no crediting qualifiers results to the 

default rate calculation results, yields four BMPs (-05, -09, -10, and -17) that have greater 

erosion rates calculated from the BANCS with no crediting qualifiers.  

The fact is important to note and is the central parameter selected in the prioritization 

of these stream restoration projects.  As described in the BANCS Assessment Method 

section above, the BANCS analysis factors in site specific characteristics such as top of 

bank and bankfull height, rooting depth, root density, bank angle, percent bank 

protection, bank composition, soil bulk density, as well as stream pattern, shape, and 

depositional areas. However, as described in the Default Rate section of this report, the 

default rate calculation does not apply any site-specific characteristics of the bank or 

the stream channel and is simply the product of multiplying the length of a stream 

segment by 115 lbs/ft/yr to obtain a sediment load reduced per year.  

Table 3. Summary of the sediment reductions associated with each PRP crediting options with 

the results of the BANCS method with no crediting qualifiers applied. 

PRP 

Crediting 

Option 

BMP-04 BMP-05 BMP-09 BMP-10 BMP-12 BMP-17 Totals 

Potential 

Restoration 

Length (ft) 
458.8 818.1 1,833.0 1,921.4 911.1 4392.8 10,335.2 

Default Rate 

(lb/yr) 52,762 94,082 210,795 220,961 104,777 505,172 1,188,549 

BANCS with 

No Crediting 

Qualifiers 

(lb/yr) 

37,291 137,867 444,508 240,001 51,567 1,072,228 1,983,462 

Phase 5.3.2 

BANCS 

Method with 

50% 

Efficiency 

(lb/yr) 

3,375 12,477 40,228 21,720 4,667 97,037 179,504 

Phase 6 

BANCS 

Method with 

50% 

Efficiency 

(lb/yr) 

7,538 27,867 89,849 48,512 10,423 216,731 400,920 
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Prioritization 
As discussed in the Default Rate section above, the PADEP is allowing for the use of the 

default rate calculation for crediting during the current permit term. However, PADEP 

also recommends that the data is gathered to calculate reductions using Protocol 1 of 

the Stream Restoration Expert Panel Report. The primary load reduction calculation in 

Protocol 1 is the BANCS method. 

While the credit from the default rate calculation is greater than the other PRP Crediting 

Options, and is easy to calculate, it is beneficial to compare this credit value with the 

BANCS results with no crediting qualifiers applied. As the BANCS method is determined 

from site specific parameters, comparing the default rate results with the BANCS 

provides perspective on whether a proposed project will not simply obtain sediment 

credit, but will deliver environmental benefit by reducing bank erosion and providing 

biological uplift. In order to evaluate the relationship between the BANCS results with no 

crediting qualifiers applied, and the default rate calculation, a ratio was created using 

the following equation: 

𝐵𝐴𝑁𝐶𝑆 𝑡𝑜 𝐷𝑒𝑓𝑎𝑢𝑙𝑡 𝑅𝑎𝑡𝑖𝑜 =
𝐵𝐴𝑁𝐶𝑆𝑁𝑜 𝑄𝑢𝑎𝑙𝑖𝑓𝑖𝑒𝑟𝑠

𝐷𝑒𝑓𝑎𝑢𝑙𝑡 𝑅𝑎𝑡𝑒 𝐶𝑎𝑙𝑐
 

There are four stream sites, identified as BMPs -05, -09, -10, and -17, that have a BANCS 

to Default Ratio greater than 1 (Table 4). Before reducing the sediment reduction 

values by assuming a 50% efficiency and applying a sediment delivery ratio, these 

projects would deliver a greater sediment reduction on average than 115 lb/ft/yr. These 

four projects have the potential to greatly increase water quality and not just obtain 

sediment reduction numbers for crediting purposes alone. Therefore, BMPs -05, -09, -10, 

and -17 should be prioritized for implementation over BMPs -04 and -12. Of the four 

prioritized projects, BMPs -09 and -17 have BANCS to Default Ratios greater than 2. As 

such, BMPs -09 and -17 are recommended as the top two priority projects. 

Susquehanna Township owns a vast majority of the land surrounding BMP-17, and 

therefore it is recommended that BMP-17 is the top priority project due to the need for 

restoration, the potential for true biological uplift through restoration, and that 

landownership rests with Susquehanna Township. The list of prioritized projects and 

summary reason for their ranking is provided in Table 4. 
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Table 4. Prioritized list of projects analyzed in the Paxton Creek Watershed. 

Project BMP ID 

BANCS w/ no 

Qualifiers to 

Default Rate Calc 

Ratio 

Prioritization Rank Reason for Ranking 

BMP-17 2.12 1 
Township owns land, 

and highest ratio 

BMP-09 2.11 2 
High ratio and project 

is upstream of BMP-17 

BMP-10 1.09 3 

Project is immediately 

upstream of BMP-17 

and contains a great 

deal of deposition 

that may be eligible 

for increased 

crediting 

BMP-05 1.47 4 

Located adjacent to 

Veteran’s Park with 

ease of property 

access, high ratio 

BMP-04 0.71 5 

Located adjacent to 

Veteran’s Park with 

ease of property 

access, low ratio 

BMP-12 0.49 6 Lowest ratio 

 

The Joint PRP sets a sediment reduction goal of 1,625,053 lb/yr. A summary of the PRP 

Crediting Options is available in Table 5. Note that if all six of the stream sites analyzed 

are restored by the lengths that were analyzed and documented for each BMP in the 

Appendix A, the municipalities would accomplish a 1,188,549 lb/yr sediment reduction, 

which is 73% of the total load reduction goal. 

Table 5. Comparison of BANCS results with the municipalities’ Joint PRP required sediment 

reduction. 

PRP 

Crediting 

Option 1 

Default Rate 

(lbs/yr) 

BANCS 

with No 

Crediting 

Qualifiers 

(lb/yr) 

PRP Crediting 

Option 2 Phase 

5.3.2 BANCS 

Method with 50% 

Efficiency (lbs/yr) 

PRP Crediting 

Option 3 Phase 6 

BANCS Method 

with 50% 

Efficiency (lbs/yr) 

PRP Required 

Sediment 

Reduction 

(lbs/yr) 

1,188,549 1,983,462 179,504 400,920 1,625,053 
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Summary 
The Center evaluated the 13 proposed stream restoration sites (BMPs) from the 

municipalities Joint PRP. it was determined that several of the proposed stream 

restoration sites were not good candidates for restoration due to a number of issues, 

such as lack of erosion, presence of bedrock, potential loss of valuable habitat, and 

lack of landowner support. However, the Center found five BMPs from the list of 13 that 

were good candidates for restoration. Using LiDAR data to create a DoD aided in 

finding a sixth project for evaluation, and yielded several key areas for future study that 

will hopefully lead to the ability to use this change detection practice as a means to 

accurately measure the erosion and deposition within a stream corridor. For the current 

study however, a BANCS analysis was performed to evaluate the erosive potential and 

generate three sediment crediting options for the six BMPs. The sediment crediting 

values were used with other factors to prioritize the restoration sites for implementation.   

The PADEP is allowing for the use of the default rate calculation for crediting during the 

current permit term. Which is simply the product of multiplying the length of stream 

restoration proposed by 115 lb/ft/yr, contains no information about the stream itself, or 

how actively it is eroding. While the credit from the default rate calculation is greater 

than the other PRP Crediting Options, and is easy to calculate, it is beneficial to 

compare this credit value with one derived from actual site-specific physical 

parameters within the stream channel. As restoration efforts are costly, focusing on 

projects that both receive sediment reduction credit and provide actual environmental 

benefit through biological uplift is recommended. Therefore, a ratio was derived by 

dividing the BANCS results with no crediting qualifiers applied by the default rate 

calculation results. The ratio was used with other factors to rank and prioritize the 

projects for implementation. Through conversation with the municipalities, it is 

determined that the highest priorities are BMPs-17 and -9.  
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Appendix A. Stream Site Pictures with BANCS Analysis Areas Identified 
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Bank Erosion Summary Table for BMP-04 
 

ID 
Length 

(ft) 

Height 

(ft) 

Erosion 

Rate 

(lbs/ft/yr) 

Erosion 

Load 

(lbs/yr) 

PRP 

Crediting 

Option 1 

Default 

Rate 

(lbs/yr) 

PRP 

Crediting 

Option 2 

Phase 

5.3.2 Bay 

Method 

50% Eff. 

(lbs/yr) 

PRP 

Crediting 

Option 3 

Phase 6 

Bay 

Method 

50% Eff. 

(lbs/yr) 

04_1LB 28.7 3.5 76.0 2183.5 3302.4 197.6 441.4 

04_2RB 32.5 4.4 95.6 3105.5 3736.1 281.0 627.7 

04_3RB 24.1 3.5 76.0 1828.8 2765.9 165.5 369.7 

04_4LB 101.3 6.3 136.9 13864.6 11649.5 1254.8 2802.5 

04_7RB 44.2 3.2 69.5 3073.2 5083.7 278.1 621.2 

04_8LB 58.3 3.0 65.2 3796.5 6698.8 343.6 767.4 

04_10RB 78.6 4.0 86.9 6830.1 9038.7 618.1 1380.6 

04_17LB 71.1 1.5 32.6 2317.6 8178.7 209.7 468.5 

04_14RB 20.1 1.6 14.5 290.7 2308.3 26.3 58.8 

Total 458.8   37,291 52,762 3,375 7,538 
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Bank Erosion Summary Table for BMP-05 
 

ID 
Length 

(ft) 

Height 

(ft) 

Erosion 

Rate 

(lbs/ft/yr) 

Erosion 

Load 

(lbs/yr) 

PRP 

Crediting 

Option 1 

Default 

Rate 

(lbs/yr) 

PRP 

Crediting 

Option 2 

Phase 

5.3.2 Bay 

Method 

50% Eff. 

(lbs/yr) 

PRP 

Crediting 

Option 3 

Phase 6 

Bay 

Method 

50% Eff. 

(lbs/yr) 

05_1RB 9.8 1.6 46.3 453.6 1125.5 41.1 91.7 

05_2LB 7.4 1.5 13.6 99.9 845.9 9.0 20.2 

05_03RB 54.0 5.1 110.8 5984.7 6211.7 541.6 1209.7 

05_04LB 73.2 4.1 190.0 13917.8 8423.0 1259.6 2813.2 

05_5LB 38.1 4.6 99.9 3808.0 4382.1 344.6 769.7 

05_6RB 26.1 5.0 231.7 6053.4 3004.1 547.8 1223.6 

05_7RB 58.4 6.6 305.9 17868.0 6717.6 1617.1 3611.7 

05_8LB 105.1 7.7 356.9 37491.4 12081.5 3393.0 7578.2 

05_09RB 63.4 6.5 32.9 2088.3 7288.5 189.0 422.1 

05_10RB 37.8 5.4 117.3 4431.3 4343.8 401.0 895.7 

05_11RB 43.0 4.2 194.7 8369.6 4944.6 757.4 1691.7 

05_12LB 60.4 4.5 208.6 12591.9 6943.2 1139.6 2545.2 

05_13RB 44.1 3.7 80.4 3548.9 5077.2 321.2 717.3 

05_14LB 50.0 1.7 36.9 1846.6 5750.1 167.1 373.3 

05_15LB 54.3 2.9 210.0 11407.9 6246.9 1032.4 2305.9 

05_16RB 5.0 1.7 98.5 488.6 570.5 44.2 98.8 

05_17LB 10.4 1.9 41.3 429.0 1195.1 38.8 86.7 

05_20RB 28.4 2.7 58.7 1665.1 3264.4 150.7 336.6 

05_21LB 19.1 3.6 78.2 1491.0 2192.4 134.9 301.4 

05_23RB 25.2 5.9 128.2 3230.0 2897.9 292.3 652.9 

05_24LB 5.0 5.5 119.5 601.9 579.3 54.5 121.7 

Total 818.4   137,867 94,086 12,477 27,867 
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Bank Erosion Summary Table for BMP-09 
 

ID 
Length 

(ft) 

Height 

(ft) 

Erosion 

Rate 

(lbs/ft/yr) 

Erosion 

Load 

(lbs/yr) 

PRP 

Crediting 

Option 1 

Default 

Rate 

(lbs/yr) 

PRP 

Crediting 

Option 2 

Phase 

5.3.2 Bay 

Method 

50% Eff. 

(lbs/yr) 

PRP 

Crediting 

Option 3 

Phase 6 

Bay 

Method 

50% Eff. 

(lbs/yr) 

09_1LB 15.0 9.0 417.1 6256.8 1725.0 566.2 1264.7 

09_2LB 189.8 4.9 227.1 43105.7 21828.3 3901.1 8713.0 

09_3LB 53.4 4.9 354.8 18945.9 6140.2 1714.6 3829.6 

09_4LB 38.1 4.0 289.7 11040.5 4383.2 999.2 2231.6 

09_5LB 36.2 6.9 319.8 11570.8 4161.0 1047.2 2338.8 

09_6LB 35.8 6.4 139.0 4982.1 4120.7 450.9 1007.0 

09_7LB 103.9 4.2 121.7 12644.5 11952.3 1144.3 2555.8 

09_8LB 37.1 4.6 133.2 4944.9 4267.8 447.5 999.5 

09_9LB 48.8 3.7 80.4 3925.7 5616.3 355.3 793.5 

09_10LB 19.0 3.4 430.9 8185.9 2184.8 740.8 1654.6 

09_11LB 57.6 3.9 494.2 28466.9 6623.7 2576.3 5754.0 

09_12RB 31.5 3.4 246.2 7764.8 3626.7 702.7 1569.5 

09_13RB 12.8 2.0 43.4 558.3 1477.7 50.5 112.9 

09_14RB 86.2 3.0 217.2 18721.3 9910.0 1694.3 3784.1 

09_15RB 36.0 3.1 89.8 3229.3 4135.7 292.3 652.7 

09_16RB 29.6 2.7 24.4 723.6 3404.9 65.5 146.3 

09_17RB 30.8 2.9 26.3 808.4 3541.3 73.2 163.4 

09_18RB 203.5 2.6 23.5 4790.3 23406.7 433.5 968.3 

09_19RB 65.9 3.4 430.9 28387.7 7576.6 2569.1 5738.0 

09_21RB 30.0 3.8 176.1 5283.5 3450.0 478.2 1068.0 

09_22RB 199.9 10.2 472.7 94495.0 22987.4 8551.8 19100.4 

09_23RB 26.5 5.1 236.4 6257.7 3044.6 566.3 1264.9 

09_24RB 130.8 4.1 296.9 38823.5 15037.4 3513.5 7847.4 

09_25RB 134.1 5.2 376.6 50492.5 15420.0 4569.6 10206.1 

09_26RB 48.2 2.8 81.1 3908.2 5541.4 353.7 790.0 

09_27RB 72.4 3.6 78.2 5664.6 8329.2 512.6 1145.0 

09_28RB 60.0 2.7 342.2 20530.1 6900.0 1858.0 4149.8 

Total 1832.9   444,508 210,793 40,228 89,849 
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Bank Erosion Summary Table for BMP-10 
 

ID 
Length 

(ft) 

Height 

(ft) 

Erosion 

Rate 

(lbs/ft/yr) 

Erosion 

Load 

(lbs/yr) 

PRP 

Crediting 

Option 1 

Default 

Rate 

(lbs/yr) 

PRP 

Crediting 

Option 2 

Phase 

5.3.2 Bay 

Method 

50% Eff. 

(lbs/yr) 

PRP 

Crediting 

Option 3 

Phase 6 

Bay 

Method 

50% Eff. 

(lbs/yr) 

10_1LB 29.7 5.2 150.6 4477.8 3418.7 405.2 905.1 

10_2LB 135.6 5.0 289.7 39278.4 15593.9 3554.7 7939.4 

10_3RB 55.0 5.9 273.4 15047.6 6328.4 1361.8 3041.6 

10_4RB 45.2 5.0 45.3 2047.0 5201.1 185.3 413.8 

10_5RB 84.1 5.9 106.8 8978.7 9666.7 812.6 1814.9 

10_6RB 137.0 3.0 27.2 3721.5 15759.6 336.8 752.2 

10_7LB 76.5 4.1 37.1 2837.6 8792.5 256.8 573.6 

10_8LB 188.1 3.4 98.5 18528.8 21635.6 1676.9 3745.2 

10_9RB 73.6 2.6 23.5 1731.4 8459.9 156.7 350.0 

10_10LB 127.7 3.2 92.7 11833.5 14681.3 1070.9 2391.9 

10_11LB 79.9 2.9 26.3 2098.2 9191.7 189.9 424.1 

10_12LB 54.6 2.7 48.9 2671.1 6284.1 241.7 539.9 

10_13LB 80.1 1.4 12.7 1014.7 9208.3 91.8 205.1 

10_14LB 34.2 4.9 106.5 3642.0 3934.5 329.6 736.2 

10_15RB 78.1 2.4 43.4 3392.0 8977.6 307.0 685.6 

10_16RB 169.1 2.7 24.4 4133.4 19448.7 374.1 835.5 

10_17_RB 38.5 3.1 224.5 8641.2 4426.6 782.0 1746.7 

10_18_RB 25.5 2.9 210.0 5350.2 2929.8 484.2 1081.5 

10_19_LB 61.3 6.2 449.0 27521.5 7049.2 2490.7 5563.0 

10_20_LB 41.5 3.0 217.2 9005.7 4767.1 815.0 1820.3 

10_21_LB 35.8 5.2 376.6 13484.0 4117.9 1220.3 2725.5 

10_22_LB 37.6 2.0 144.8 5452.0 4329.0 493.4 1102.0 

10_23_LB 55.5 2.8 202.8 11246.9 6378.8 1017.8 2273.4 

10_24_LB 62.6 2.6 188.3 11790.4 7201.4 1067.0 2383.2 

10_25_RB 71.0 3.5 253.5 17994.5 8164.5 1628.5 3637.2 

10_26_RB 29.3 2.4 21.7 636.1 3367.0 57.6 128.6 

10_27_RB 14.3 5.2 241.0 3445.1 1643.9 311.8 696.4 

Total 1,921.4   240,001 220,958 21,720 48,512 
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Bank Erosion Summary Table for BMP-12 
 

ID 
Length 

(ft) 

Height 

(ft) 

Erosion 

Rate 

(lbs/ft/yr) 

Erosion 

Load 

(lbs/yr) 

PRP 

Crediting 

Option 1 

Default 

Rate 

(lbs/yr) 

PRP 

Crediting 

Option 2 

Phase 

5.3.2 Bay 

Method 

50% Eff. 

(lbs/yr) 

PRP 

Crediting 

Option 3 

Phase 6 

Bay 

Method 

50% Eff. 

(lbs/yr) 

12_1RB 113.8 1.3 2.7 308.9 13082.8 28.0 62.4 

12_2RB 28.5 3.2 69.5 1982.3 3279.2 179.4 400.7 

12_3RB 72.1 2.7 58.7 4226.5 8286.1 382.5 854.3 

12_4RB 48.1 2.6 150.6 7242.9 5529.8 655.5 1464.0 

12_5RB 90.8 4.1 89.1 8085.1 10438.6 731.7 1634.3 

12_6RB 39.9 3.5 76.0 3034.6 4589.6 274.6 613.4 

12_7RB 112.6 2.0 18.1 2038.4 12948.1 184.5 412.0 

12_8RB 94.5 3.8 8.3 780.4 10870.6 70.6 157.7 

12_9RB 86.4 2.3 50.0 4317.2 9936.0 390.7 872.6 

12_10RB 67.6 1.7 49.2 3328.0 7771.9 301.2 672.7 

12_11RB 45.4 2.3 50.0 2270.8 5226.2 205.5 459.0 

12_12RB 111.5 2.7 125.1 13952.1 12822.1 1262.7 2820.2 

Total 911.1   51,567 104,781 4,667 10,423 
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Bank Erosion Summary Table for BMP-17 
 

ID 
Length 

(ft) 

Height 

(ft) 

Erosion 

Rate 

(lbs/ft/yr) 

Erosion 

Load 

(lbs/yr) 

PRP 

Crediting 

Option 1 

Default 

Rate 

(lbs/yr) 

PRP 

Crediting 

Option 2 

Phase 

5.3.2 Bay 

Method 

50% Eff. 

(lbs/yr) 

PRP 

Crediting 

Option 3 

Phase 6 

Bay 

Method 

50% Eff. 

(lbs/yr) 

17_1_RB 64.9 5.6 259.5 16854.7 7468.2 1525.4 3406.9 

17_10_RB 230.2 6 434.5 100010.1 264770.0 9050.9 20215.1 

17_12_RB 35.5 2.8 129.8 4608.7 4084.2 417.09 931.6 

17_14_LB 81.5 5.7 165.1 13462.9 9377.0 1218.4 2721.3 

17_15_LB 78.6 6.3 798.4 62734.9 9036.3 5677.5 12680.7 

17_17_RB 69.7 3.7 267.9 18687.2 8020.6 1691.1 3777.3 

17_2_LB 18.3 3.2 69.5 1270.4 2101.5 115.0 256.8 

17_3_RB 79.7 4.8 222.5 17721.9 9161.1 1603.8 3582.1 

17_30_RB 488.8 6.1 176.7 86375.3 56216.1 7817.0 17459.1 

17_31_RB 337.5 3.1 89.8 30308.3 38815.1 2742.9 6126.3 

17_4_LB 113.2 4.7 136.1 15414.3 13020.5 1395.0 3115.7 

17_41_RB 241.0 5.2 150.6 36302.2 27716.0 3285.3 7337.8 

17_5_RB 126.1 4.6 213.2 26874.5 14496.5 2432.1 5432.2 

17_53_LB 275.6 6.1 176.7 48695.6 31692.8 4407.0 9842.9 

17_55_LB 126.8 6.5 301.3 38186.0 14577.1 3455.8 7718.6 

17_57_LB 126.5 5.5 398.3 50400.9 14552.5 4561.3 10187.6 

17_6_RB 96.9 6 278.1 26939.0 11140.6 2438.0 5445.2 

17_7_LB 260.5 5.5 99.6 25940.8 29960.0 2347.6 5243.4 

17_70_LB 384.1 6.7 310.5 119278.1 44174.0 10794.7 24109.8 

17_73_LB 134.6 5.4 156.4 21051.6 15477.2 1905.2 4255.2 

17_74_LB 391.8 5.4 391.1 153222.8 45059.9 13866.7 30971.1 

17_77_LB 53.0 6.1 441.7 23411.9 6094.9 2118.8 4732.3 

17_78_LB 44.5 5.2 113.0 5028.5 5118.9 455.1 1016.4 

17_79_LB 147.2 5 362.1 53287.7 16924.6 4822.6 10771.1 

17_8.5_RB 78.0 4.7 340.4 26532.6 8964.8 2401.2 5363.1 

17_8_RB 158.4 5.9 170.9 27072.2 18216.8 2450.0 5472.1 

17_80_LB 103.5 4.3 199.3 20624.5 11901.3 1866.5 4168.9 

17_9_RB 46.4 2.3 41.6 1931.0 5333.0 174.8 390.3 

Total 4,392.8   1,072,228 505,171 97,037 216,731 
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Appendix B. Procedure for Determining Soil Bulk Density 
 

Obtain Dry Sample (Oven Dry @ ~65°C overnight) 

 

1. Start with ~25 g dry soil and gentle break apart with fingers over clean scrap 

paper (i.e., discarded, clean printer paper works well). Hand pick out obvious 

large rock or mineral particles or pieces of organic material > 2 mm in size. 

2. Use a 2 mm sieve to remove all particles larger than sand.  

3. Use mortar and pestle to gently break >2 mm soil aggregates, if any, into <2 

mm particles. Note: preserve mineral and rock fragments, and organic matter 

>2 mm in a separate cube but do not use for bulk density measurement.  

4. Obtain a clean, dry plastic cube (provided by Prof. Walter). 

Plastic Cube = 8 cc (2x2x2 cm) 

http://www.ascscientific.com/boxes.html 

5. Weigh and record mass of empty cube to two decimal places (place small 

piece of cellophane tape over hole, if present, and include that measurement 

of mass of “empty cube”). 

11. Fill with distilled water to top of cube and weigh (repeat at least three times 

on same cube). Record the average mass and standard deviation (use Excel to 

calculate). Use this average to determine volume of the cube (assume distilled 

water at air temperature has a density of 1.00 g/cm3). 

10. Empty cube and completely dry cube (use compressed air if necessary). 

6. Fill with < 2 mm soil, tamp down “finger tight,” close lid, and tap on table to 

settle particles.  

7. Remove lid and add soil until cube is filled. Tamp down gently, level off 

sample to top of cube using plastic straight edge and replace lid. Repeat as 

needed until soil remains  level with top of cube. 

8. Weigh and record mass of cube with soil.  

9. Empty cube, refill with soil, and reweigh at least three times: calculate the 

average and standard deviation of the measured masses (use Excel). 

12. Use recorded masses and assume density of water to be 1.00 g/cm3 to 

calculate bulk density. 

13. What are the sources of error in this method? Can your group devise a better 

way to measure soil bulk density? If so, explain your procedure. 

 

http://www.ascscientific.com/boxes.html
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Note: (1) Always use weighing paper on balance; (2) Don’t forget to tare; (3) 

record all measurements immediately; (4) clean up all spills on weighing pan; (5) 

keep weighing area spotless; and (6) Show all work. 

 

Table Layout: 

 

Sample # EC(g)  C + Water (g)  CV (cm3) C+Soil  (g)

 BD 

 

Where: EC = Empty Cube, C = cube, CV = Cube Volume, and BD = Bulk Density
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Appendix C. WSI Report for Drone Analysis 
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2017 Joint Pollutant Reduction Plan Modeling Approach  

Running the GWLF-E model for the total Joint Planning Area from the Mapshed Basin layer provided by 

GIS resulted in 31,716 acres of differing land uses as shown below.  Parsing acreage (public land, direct 

drainage, and railroad) for each municipality was provided by GIS in a spreadsheet and subtracted from 

the corresponding land use for the entire planning area with the exception of water except (not 

available for edit in the GWLF-E Transport Data Editor) resulting in a parsed area of 12,464 acres.  

Parsing was conducted manually due the Mapshed software’s inability to create an input file for a heavy 

parsed GIS layer lacking physical continuity.  

 

 

 

 

Total Area of Unparsed Planning Area Basin Layer = 12,835 hectares = 31,716 Acres  

  



The parsing acreage (public land, direct drainage, and railroad) for each municipality was provided by 

GIS in a spreadsheet and subtracted from the corresponding land use for the entire planning area with 

the exception of water except (not available for edit in the GWLF-E Transport Data Editor) resulting in a 

parsed area of 12,464 acres plus the 3,519 acres of water attributed land use, totaling 15,983 total acres 

of parsed area to be removed from the Joint Planning Area in the Urbanized Area Viewer.  

1,  

 

 

 

 

 

 

 

 



Subtracting the 12,464 acres of land use excluding water land use from the total Joint Planning Acreage 

of 31,716, resulting in a Parsed Joint Planning Area total of 19,252 acre Parsed Joint Planning Watershed 

as noted in the Report and used to model the existing baseline and proposed BMP pollutant load 

reductions. 

 

 

 

 

Total Area of Parsed Planning Area Basin Layer = 7,791 hectares = 19,252 Acres 

 

Parsed Area = 31,716 – 19,252 = 12,464 Acres  

 

 



 

 

 

Total Area of Parsed Land Use = 15,983 – 3,519 = 12,464 Acres 

Unable to parse water 3,519 acres of land use #1 in GWLF-E Transport Data editor 

 

 

 

 

 

 

 

 



The unparsed Joint Planning was established by using Mapshed’s Urbanized Area Viewer Tool and the 

GWLF-E output file created by the modeling effort by summing the UA attributed to each municipality. 

 

 

Harrisburg = 7,461 acres 

 



 

 

Susquehanna Twp.  = 9,456 acres 

 



, 

 

Lower Paxton Twp. = 16,198 acres 

 

 

Planning Area (Non Parsed) based on Urban Area Viewer Output = 7,461 + 9,456 + 16,198 = 33,115 

acres 

 

 

 

 

 

 



 

Planning Area (Parsed) based on Urban Area Viewer Output = 35,242 – 15,983 (rounded to 15,990 

acres) acres of parsed area including the 3,519 acres attributed to water land use resulting in an initial 

Joint Planning Area of 19,252 acres 

 

 




