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Executive Summary  
 

Fishing Creek is a tributary of the Susquehanna River in Lancaster County, Pennsylvania and is currently 

polluted by excess sediment from agriculture. Lancaster County is a high priority county identified for 

pollution reductions called for in the Chesapeake Bay Watershed Implementation Plan. Fishing Creek 

has also been prioritized by Governor Tom Wolf for cleanup and restoration. The priority is based on the 

exceptional ecological significance of the watershed, the presence of rare and threatened aquatic 

organisms, the proximity to the Chesapeake Bay and the fact that this region is intensively agricultural 

with historic reluctance to implement Best Management Practices (BMPs). Based on these 

prioritizations, a significant restoration project has begun. The focus of the restoration project is to 

saturate three adjoining, agriculturally intensive subwatersheds of Fishing Creek with agricultural BMPs 

including: Farm Conservation Plans, Nutrient Management Plans, Livestock Exclusion Fencing, Riparian 

Buffer Restoration and Stream Restoration. The restoration project known as the Adaptive Toolbox is 

being funded by a grant from the National Fish and Wildlife Foundation (NFWF) and is a collaboration of 

vested partners piloted by the Pennsylvania Department of Agriculture. The restoration project is 

designed to provide a flexible Adaptive Toolbox to reduce sediment and nutrients in watersheds 

reporting to the Susquehanna River and Chesapeake Bay as well as provide two positive outcomes 

locally that are being tracked as a part of the project. First, it is hypothesized that milk profitability will 

improve as herd health improves with better water quality once the livestock are fenced out the 

degraded stream environment and moved to a managed pasture instead. Somatic cell counts are being 

monitored pre-, during and post-treatment to track trends in milk quality. This will ensure the successful 

agricultural economy remains strong while the Adaptive Toolbox is developed and communicated for 

use in other watersheds in the region. Second, as agricultural land uses get treated with BMPs, sediment 

reporting to the stream will be reduced to a level that will not impact aquatic life to the point of 

localized impairment. Stream assessments will be conducted pre- and post-BMP implementation to 

track trends in ecology, the restoration of Fishing Creek and to ensure ecological sustainability. Please 

see Attachment F for project specifics and letters of commitment and support for the project. 

 

A phased approach to restoration was developed for all the impaired stream segments in the Fishing 

Creek Watershed, not simply the three subwatersheds within the NFWF project area, and will be led by 

the Lancaster County Conservation District as they have a successful history of working toward restoring 

their local waters. Phase 1 will occur within five years and will focus on getting all farmers in the 

watershed to baseline regulatory compliance with their conservation plans and nutrient management 

plans. Phase 2 will occur within ten years and will focus on satisfying the restoration goals for the 

watershed through additional BMP implementation. Phase 1 and 2 modeling scenarios are included in 

this document so that progress can be measured toward attainment of water quality standards and 

allow for targeted implementation in the future. Upon completion of Phase 2, Fishing Creek should be 

cleaned up and healthy with a thriving community of fish and macroinvertebrates. The timeline outlined 

in the phased approach is generalized with much of the work already completed or underway. However, 

restoration and recolonization of aquatic life takes time. Biological monitoring will be conducted every 

three years to determine when this watershed can be moved from impaired to attaining on the 



Integrated Report. Simply stated, the implementation of BMPs is the first step, sensitive aquatic 

organisms require high quality stable water and habitat conditions to reestablish their historic 

populations. Thus, the sediment loads reporting to the stream must be controlled, but just as 

importantly, the historic sediment deposits polluting the stream ecosystem must then be assimilated 

and/or transported out of the system before a robust aquatic community has any realistic chance of 

recolonization. This creates a lag between BMP implementation and the delisting of the watershed. The 

trigger for delisting is the recolonization of a robust community of macroinvertebrates not simply the 

construction of a sufficiently effective suite of BMPs designed to control pollution.  

 

This Alternative Restoration Plan (ARP) established load reductions needed from specific sources in the 

Fishing Creek Watershed by first modeling the Fishing Creek Watershed and comparing it to a reference 

watershed, Marsh Creek. Next, the loading rates of the reference watershed were applied to the land 

area of the Fishing Creek Watershed to determine necessary reductions to the pollutants of concern. 

This amounted to a 47% reduction in sediment being called for. A further comparison was made to 

determine the load reductions expected to be attained by implementing the BMPs of Phases 1 and 2. 

This enabled the visualization of the extent that the pollution sources exist and what measures will be 

taken to clean them up. The sediment reduction anticipated from Phase 1 BMPs is 17% and when added 

to the Phase 2 BMPs is 51%, surpassing the 47% reduction called for in this ARP. Thus, the BMP 

implementation called for in this ARP is expected to achieve watershed restoration and an eventual 

delisting of Fishing Creek from the Integrated Report. 

 

Phase 1 demonstrates 90% of the farms attaining regulatory compliance and implementing a 

conservation plan; a goal of the Chesapeake Bay Watershed Implementation Plan. Phase 2 consists of 

implementing additional BMPs necessary to meet water quality goals. Phase 2 also demonstrates 90% 

conservation plan implementation from Phase 1. Modeling these scenarios goes above and beyond the 

scope of a regular Total Maximum Daily Load (TMDL) and is more prescriptive and useful to vested local 

parties regarding restoration efforts than general TMDL load allocations. As such, this ARP is meant to 

eliminate the need for a TMDL as water quality and habitat will be placed on a path of efficient 

restoration as local parties implement this ARP as an enhanced guide to restoration rather than 

attempting to meet the less prescriptive general load allocations of a regular TMDL addressing 

agricultural impairments.    

Introduction 
 

This ARP calculation has been prepared for specific segments in the Fishing Creek Watershed, 

Attachments A and D. The watershed of Fishing Creek is in southern Lancaster County and a direct 

tributary to the Susquehanna River on the Conowingo Pond between the Holtwood and Conowingo 

Hydroelectric Dams. The watershed basin is approximately 11.3 square miles with 25.9 miles of streams. 

Of that, 21.8 stream miles are listed as impaired for siltation from agriculture. Croplands, pastures and 

streambanks are lacking adequate best management practices (BMPs). Agriculture is the dominant land 



use in the plateau-like headwaters area while forested conservation areas are dominant along the high 

gradient mainstem toward the mouth of Fishing Creek where it carves through a cliff of bedrock making 

its way to the Susquehanna River. This course plunges over 700 feet in elevation in only 11.3 square 

miles with most of the descent occurring rapidly toward its mouth with the Susquehanna River. The 

segments of Fishing Creek near its mouth, in a high gradient conservation area, are narrowly attaining 

their designated uses while the segments in the agriculturally dominated plateau of the headwaters are 

listed as impaired by siltation from agriculture. This watershed is shaped like a wide gently sloped funnel 

sluiced into a small outlet cut into bedrock that acts as a flume toward its confluence with the 

Susquehanna River. Intensive agricultural land uses lacking adequate BMPs make up nearly the entire 

area that is capable of tillage or pasture along the agricultural plateau. The runoff generated here is 

laden with sediment and nutrients and is funneled into the high gradient lower reach of the watershed 

at high velocity causing scouring flows that erode banks and disruptively alter the substrate and 

streambanks regularly. This has also contributed to the formation of a large delta in the Susquehanna 

River at the mouth of Fishing Creek. The cause of this being, agricultural BMPs on the croplands, 

pastures and streambanks have historically not been utilized in the Fishing Creek Watershed.  

 

Threatened and Rare Species 
 

Chesapeake Logperch, Percina bimaculata, are found in the lower reaches of Fishing Creek making this 

watershed home to one of the last populations on Earth of this threatened species. Thus, the Fishing 

Creek Watershed is of exceptional ecological significance and protected by the antidegradation 

designated use of Exceptional Value (EV). This designated use is the most protective designated use in 

Pennsylvania and promulgated within Pennsylvania Code §93.4c. Habitat degradation and poor water 

quality have caused the extirpation of Chesapeake Logperch from most of its former range including the 

entire Potomac River Basin. This species is now largely restricted to the lower Susquehanna River 

Watershed and is challenged to recolonize its former range because of pollution, habitat loss and 

hydroelectric dams blocking migration. To be clear, it is of critical importance that agricultural 

impairments are rectified in this watershed as the Chesapeake Logperch is potentially facing an 

extinction event and this rare refuge in Fishing Creek is currently polluted and contributing to the 

problems faced by this species.  

The status of the Chesapeake Logperch is as follows: 

Pennsylvania Legal Status: Threatened 
State Rank: S1S2 – Critically Imperiled 
Global Status: G1G2 – Critically Imperiled  

 

Rosyside Dace, Clinostomus funduloides, are also present in Fishing Creek but have a restricted range in 

Pennsylvania. The presence of Rosyside Dace adds to the exceptional ecological significance of the 

watershed. 

 



Classification and Pollution Status 
 

The Fishing Creek Watershed is currently designated by the Pennsylvania Department of Environmental 

Protection (Department) as High Quality Waters (HQ) - Cold Water Fishes (CWF) and Exceptional Value 

Waters (EV) - Migratory Fishes (MF), PA Code 25 § 93.9n. Cold Water Fishes is an Aquatic Life use that by 

definition, states: CWF – Maintenance or propagation, or both, of fish species including the family 

Salmonidae and additional flora and fauna which are indigenous to a cold-water habitat. Migratory 

Fishes is also an Aquatic Life use and by definition, states: MF- Passage, maintenance and propagation of 

anadromous and catadromous fishes and other fishes which ascend to flowing waters to complete their 

life cycle. The designations of High Quality and Exceptional Value Waters fall under Special Protection 

providing additional Antidegradation Requirements found in Pennsylvania Code, Title 25., 

Environmental Protection, Chapter 93.4c. Of significance to this watershed, Chapter 93.4c (b) (2) 

Nonpoint source control. The Department will assure that cost-effective and reasonable best 

management practices for nonpoint source control are achieved. And Chapter 93.4a (d) Protection of 

Exceptional Value Waters – The water quality of Exceptional Value Waters shall be maintained and 

protected.  

 

The ARP was completed to address the nonpoint source pollution noted on the 2016 Pennsylvania 

303(d) Integrated List and to implement the Antidegradation Requirements of Pennsylvania Code, Title 

25. The ARP covers the listed segments shown in Table 1 and Attachment D. Siltation from agricultural 

activities, non-point source pollution, has been listed as causing the impairments. The ARP addresses 

siltation from streambanks, hay/pasture lands, and croplands.   

 

Table 1. Integrated Water Quality Monitoring and Assessment Report Listed Segments Summary 

HUC:  02050306 – Lower Susquehanna 

Watershed – Fishing Creek 

Source 
EPA 305(b) Cause 

Code 
Miles Designated Use Use Designation 

Agriculture Siltation 21.02 HQ - CWF, MF Aquatic Life 

Agriculture Siltation 0.80 EV MF Aquatic Life 

HUC= Hydrologic Unit Code 
HQ= High Quality Waters 
CWF= Cold Water Fishes  
MF= Migratory Fishes 
EV= Exceptional Value 
The use designations for the stream segments in this APR can be found in PA Title 25, Chapter 93. 
See Attachment D, for more information on the listings.  



 

Basic Steps for Determining an ARP 
 

Although all watersheds must be handled on a case-by-case basis when developing restoration plans, 

there are basic processes or steps that apply to all cases. They include: 

 

• Collecting and summarizing pre-existing data (watershed characterization, inventory 
contaminant sources, determination of pollutant loads, etc.); 

• Calculating the allowable load of the waterbody to consider critical conditions and seasonal 
variations; 

• Setting aside an appropriate portion of the loading capacity to account for any uncertainty in the 
models or methods used to calculate the loading capacity to ensure water quality standards will 
be achieved; 

• Understanding the pollutant loads from various sources;  

• Analyzing the best management practices that can be employed to manage those sources; and 

• Incorporating revisions based on public review and comment on a draft report. 

 

ARP Elements: AL = UF + SL   
     

SL = ASL + LNR 

The Alternative Restoration Plan (ARP) equation consists of a source load (SL) and an uncertainty factor 

(UF) equaling the allowable load (AL). The UF is applied to account for uncertainties in the 

computational process. The UF may be expressed implicitly by documenting conservative processes in 

the computations or explicitly by setting aside a portion of the allowable load. The SL is the portion of 

the load assigned to all sources in the watershed. The SL is divided into the adjusted source load (ASL) 

and loads not reduced (LNR). The ASL comprises the identified sources that will have their loads reduced 

such as croplands, pasture lands and streambanks. The LNR are sources other than those identified for 

reduction (i.e. forest, wetlands). 

 
 



Future Modifications  
 

In the future, the Department may adjust the allowable load to account for new information or 

circumstances that are developed or discovered during the implementation of the ARP when a review of 

the new information or circumstances indicate that such adjustments are appropriate. New information 

generated during ARP implementation may include, among other things, monitoring data, best 

management practice (BMP) effectiveness information, and land use information.  

 

ARP Approach 
 

The ARP developed for the Fishing Creek Watershed addresses sediment as the pollutant of concern 

contributing to the siltation impairment. Because Pennsylvania does not have numeric water quality 

criteria for sediment, a method was developed to determine water quality objectives for sediment that 

should result in the impaired stream segments attaining their designated uses. The method employed 

for this ARP is termed the Reference Watershed Approach. 

 

Selection of the Reference Watershed 
 

The reference watershed approach was used to estimate the appropriate sediment loading reduction 

necessary to restore healthy aquatic communities to the impaired watershed. This approach is based on 

selecting a non-impaired, reference watershed and estimating its current loading rates for the pollutants 

of concern. The objective of the process is to reduce loading rates of those pollutants to a level 

equivalent to or lower than the loading rates in the reference watershed. Achieving the appropriate load 

reductions should allow the return of a healthy biological community to affected stream segments. 

 

There are factors that should be considered when selecting a suitable reference watershed:  impairment 

status, similarity of physical properties and size of the watershed. First, a watershed that the 

Department has assessed and determined to be attaining water quality standards shall be used as the 

reference. Second, a watershed that closely resembles the impaired watershed in physical properties 

such as land use/land cover, elevation and slope should be chosen. Finally, the size of the reference 

watershed should be approximately within 30% of the impaired watershed area.  

 



The search for a reference watershed that would satisfy the above characteristics was done by means of 

a desktop screening using several geographic information system (GIS) shapefiles, including a watershed 

layer, soils layer, Landsat-derived land cover/use grid, and stream assessment information. The 

suitability of the chosen watershed was confirmed through discussions with Department staff as well as 

through field verification of conditions.   

 

Based on the above criteria, the Marsh Creek Watershed was selected as the reference watershed for 

developing the Fishing Creek Watershed ARP, Figure 1 and Attachment A. Marsh Creek is a tributary to 

East Branch Brandywine Creek. Marsh Creek is in Chester County, Pennsylvania and attaining its 

designated uses. The attainment of designated uses is based on biological sampling done by the 

Department. Table 2 compares the two watersheds in terms of size, location, and other characteristics. 

 

Table 2. Comparison of the Fishing Creek Watershed and Marsh Creek Watershed 

 Fishing Creek Watershed Marsh Creek Watershed 

Area, ac 7,230 4,926 

Land Use Distribution 

 

67% Agriculture 

26% Forest 

7% Other 

37% Agriculture 

50% Forest 

13% Other 

Soils 

 

94% Group B 

6% Group C/D 

66% Group A 

34% Group C/D 

Average Rainfall, inches 40.9, 30 years 45.9, 30 years 

Average Runoff, inches 1.8, 30 years 2.3, 30 years 

 

The analysis of value counts for each pixel of the Multi-Resolution Land Characterization (MRLC) grid 

revealed that land cover/use distributions in both watersheds are similar. Agriculture is a significant land 

use category in both the Fishing Creek Watershed and Marsh Creek Watershed.  

  



   

                              

Figure 1. Fishing Creek Watershed (left side/impaired) and Marsh Creek Watershed (right 
side/reference), not to scale.  
 

Hydrologic / Water Quality Modeling  
 

The ARP for this watershed was calculated using the “Model My Watershed” application (MMW), which 

is part of the WikiWatershed web toolkit, developed through an initiative of the Stroud Water Research 

Center.  MMW is a replacement for the MapShed desktop modelling application that has been used to 

derive approved TMDLs and ARPs in Pennsylvania. Both programs calculate sediment and nutrient 

fluxes using the “Generalized Watershed Loading Function - Enhanced” (GWLF-E) model. However, 

MapShed was built using a MapWindow GIS package that is no longer supported, whereas MMW 

operates with GeoTrellis, an open-source geographic data processing engine and framework. The MMW 

application is freely available for use at https://wikiwatershed.org/model/. In addition to the changes to 

the GIS framework, the MMW application continues to be updated and improved relative to its 

predecessor. 

MMW provides the ability to simulate runoff and sediment and nutrient loads from a watershed given 

variable-size source areas (i.e., agricultural, forested, and developed land). The model used in MMW, 

GWLF-E, is a continuous simulation model that uses daily time steps for weather data and water 

balance calculations. Monthly calculations are made for sediment and nutrient loads based on the daily 

water balance accumulated to monthly values.  

GWLF-E is a combined distributed/lumped parameter watershed model that simulates 30-years of daily 

water, nitrogen, phosphorus and sediment fluxes. For surface loading, it is distributed in the sense that 

it allows multiple land use/cover scenarios, but each area is assumed to be homogenous with regard to 

various attributes considered by the model. Additionally, the model does not spatially distribute the 

source areas, but simply aggregates the loads from each source area into a watershed total; in other 

words, there is no spatial routing. For sub-surface loading, the model acts as a lumped parameter 

model using a water balance approach. No distinctly separate areas are considered for sub-surface flow 

contributions. Daily water balances are computed for an unsaturated zone as well as a saturated sub-

https://wikiwatershed.org/model/


surface zone, where infiltration is simply computed as the difference between precipitation and 

snowmelt minus surface runoff plus evapotranspiration.  

With respect to the major processes simulated, GWLF-E models surface runoff using the Soil 

Conservation Service Curve Number (SCS-CN) approach with daily weather inputs of temperature and 

precipitation. Erosion and sediment yield are estimated using monthly erosion calculations based on the 

Universal Soil Loss Equation (USLE) algorithm with monthly rainfall-runoff coefficients and a monthly 

composite of KLSCP values for each source area (i.e., land cover/soil type combination). The KLSCP 

factors are variables used in the calculations to depict changes in soil loss erosion (K), the length slope 

factor (LS), the vegetation cover factor (C), and the conservation practices factor (P). A sediment 

delivery ratio based on watershed size and transport capacity, which is based on average daily runoff, is 

then applied to the calculated erosion to determine sediment yield for each source sector. 

Evapotranspiration is determined using daily weather data and a cover factor dependent upon land 

use/cover type. Finally, a water balance is performed daily using supplied or computed precipitation, 

snowmelt, initial unsaturated zone storage, maximum available zone storage, and evapotranspiration 

values.  

For a detailed discussion of this modelling program, including a description of the data input sources, 

see https://wikiwatershed.org/documentation/mmw-tech/. 

 

Watershed Assessment and Modeling 
 

The Model My Watershed application was used to establish existing loading conditions for the Fishing 

Creek Watershed and the Marsh Creek Watershed. Department staff visited the Fishing Creek 

Watershed and the Marsh Creek Watershed to get a better understanding of existing conditions that 

might influence the model. For a general observation, see Figure 2. The individual watershed 

characteristics included: 

 

Fishing Creek Watershed (impaired) 

• large tracts of connected croplands lacking BMPs reporting sediment to headwaters 

• limited or absent riparian buffers in the agricultural areas 

• livestock with free access to the stream and wetlands  

• barn yard waste and runoff from animal heavy use areas reporting to the stream 

 

 

 

https://wikiwatershed.org/documentation/mmw-tech/


Marsh Creek Watershed (reference) 

• established and protected riparian forest buffers and wetlands 

• livestock exclusion fencing and rotational grazing 

• croplands managed using BMPs including:  conservation tillage (no-till), cover crops and 

vegetated filter strips 

  

Based on field observations adjustments may be made to specific parameters used in the Model My 

Watershed application. Any adjustments were as follows: 

 

Fishing Creek Watershed  

• No changes to the model were necessary. 

  

Marsh Creek Watershed 

• No changes to the model were necessary. 

 



 

 

Figure 2.  Unstable streambanks and cattle with free access to the stream in the Fishing Creek 
Watershed 
 

 

 

 

 

 

 

 

 

 



The Model My Watershed application produced area information and pollutant loading based on land 

use, Tables 3 and 4.   

 

Table 3.  Existing Sediment Loading Values for Fishing Creek, impaired 

Source Area, ac Sediment, lbs/yr Loading Rate, lbs/ac/yr 

HAY/PASTURE  1,825   254,807   140  

CROPLAND  3,015   5,263,838   1,746  

FOREST  1,810   5,715   3  

WETLAND  67   161   2  

OPEN LAND  435   64   0  

LOW DENSITY MIXED  62   4,407   71  

MEDIUM DENSITY MIXED  15   661   45  

HIGH DENSITY MIXED  2   59   24  

STREAMBANKS      632,962   

TOTAL  7,230   6,162,674   852  

 

Table 4.  Existing Sediment Values for Marsh Creek, reference 

Source Area, ac Sediment, lbs/yr Loading Rate, lbs/ac/yr 

HAY/PASTURE  605   61,682   102  

CROPLAND  1,235   1,796,884   1,455  

FOREST  2,010   5,956   3  

WETLAND  467   1,900   4  

OPEN LAND  528   1,910   4  

LOW DENSITY MIXED  62   5,314   86  

MEDIUM DENSITY MIXED  15   743   50  

HIGH DENSITY MIXED  5   252   51  

STREAMBANKS   339,208   

TOTAL  4,926   2,213,850   449  

For Tables 3 and 4 streambank pollutant loads are not calculated by area. 



Development of ARP  
 

The Allowable Load (AL) for the Fishing Creek Watershed was established based on current loading rates 

for sediment in the Marsh Creek reference watershed. Marsh Creek is currently designated as High 

Quality - Cold Water Fishes (HQ-CWF) and previous biological assessments have determined that the 

watershed is attaining its designated uses. Reducing the loading rates of sediment in the Fishing Creek 

Watershed, also High Quality-Cold Water Fishes, to levels equal to or less than the reference watershed 

should allow for the reversal of current use impairments.  

As described in the previous section, sediment loading rates were computed for the Marsh Creek 

Watershed using the Model My Watershed application. The AL for sediment was determined by 

multiplying the unit area loading rates for the Marsh Creek Watershed by the total watershed area of 

the Fishing Creek Watershed, Table 5. (Unit Area Loading Rate in Reference Watershed * Area of 

Impaired Watershed) = AL 

 

Table 5.  AL Values for the Fishing Creek Watershed 

Pollutant 
Loading Rate in 

Reference, lbs/ac/yr 

Total Area in Impaired 

Watershed, ac 
AL, lbs/yr AL, lbs/day 

Sediment 449 7,230 3,249,202 8,902 

* considers rounding in previous calculations 

 

The AL was then used as the basis for load allocations and reductions in the Fishing Creek Watershed as 

follows for sediment.  

 

AL = UF + SL  

SL = ASL + LNR 

where: 

 AL = Allowable Load 

 UF = Uncertainty Factor 

 SL = Source Load 

 ASL = Adjusted Source Load  

LNR = Loads Not Reduced 



 

Uncertainty Factor 
 

The UF is that portion of the pollutant loading that is reserved to account for any uncertainty in the data 

and computational methodology used for the analysis. For this analysis, the UF is explicit. Ten percent of 

the AL was reserved as the UF.  Using 10% of the AL is based on professional judgment and will provide 

an additional level of protection to the designated uses of the Fishing Creek Watershed.  

 

3,249,202 lbs/yr AL * 0.1 = 324,920 lbs/yr UF Sediment 

 

Source Load  
 

The SL is the portion of the AL assigned to all sources. The SL contains loads identified for reduction and 

background loads that are not identified for reduction. The SL was computed by subtracting the UF from 

the AL value.  

 

3,249,202 lbs/yr AL – 324,920 lbs/yr UF = 2,924,282 lbs/yr SL Sediment 

Loads Not Reduced and Adjusted Source Load  
 

The SL is comprised of LNR and the ASL. The LNR are the background source loads in the watershed that 

are not identified for reduction. The ASL is made up of the nonpoint source loads that are identified to 

receive reductions to attain the overall reduction goal. The ASL is the base load that all source loads 

being reduced must collectively not exceed and is calculated as follows:  

 

The sum of the LNR is calculated first.  

 

5,715 lbs/yr Forest + 4,407 lbs/yr Low Density Mixed Development + 661 lbs/yr Medium Density Mixed 

Development + 59 lbs/yr High Density Mixed Development + Wetland 161 + Open Land 64 = 11,067 

lbs/yr LNR Sediment 

 



Then the sum of the LNR is subtracted from the SL, Table 6. 

 

2,924,282 lbs/yr SL – 11,067 lbs/yr LNR = 2,913,215 lbs/yr ASL Sediment 

 

The ASL is further analyzed using the Equal Marginal Percent Reduction (EMPR) allocation method 

described in Attachment B. EMPR calculates the sediment load reductions per targeted sources to meet 

the AL. Although the Fishing Creek Watershed ARP was developed to address impairments caused by 

agricultural activities such as hay/pastureland and cropland, these sources were not the only sources 

considered for reductions. Streambanks are also significant contributors to the pollutant loads in the 

watershed and were included in the ASL for reduction, Table 8.  

 

Table 6. SL, LNR and ASL 

 Sediment, lbs/yr Sediment, lbs/day 

SL 2,924,282 8,011.7 

LNR: 

Forest 

Low intensity mixed development 

Medium intensity mixed development 

High intensity mixed development  

Wetland 

Open Land 

 

5,715 

4,407 

661 

59 

161 

64 

 

15.7 

12.1 

1.8 

0.2 

0.4 

0.2 

ASL 2,913,215 7,981.4 

* considers rounding in previous calculations 

 

ARP Summary  
 

The sediment AL established for the Fishing Creek Watershed consists of an uncertainty factor (UF) and 

non-point source load (SL). The SL is broken into Loads Not Reduced (LNR) and Adjusted Source Load 

(ASL) for further analysis. The individual components of the Fishing Creek Watershed ARP are 

summarized in Table 7.  

 



Table 7.  AL Components for the Fishing Creek Watershed 

Component Sediment, lbs/yr Sediment, lbs/day 

AL (Allowable Load) 3,249,202 8,902 

UF (Uncertainty Factor) 324,920 890 

SL (Source Load) = (LNR+ASL) 2,924,282 8,012 

LNR (Loads Not Reduced) 11,067 30 

ASL (Adjusted Source Load) 2,913,215 7,981 

 

Calculation of Load Reductions Needed  
 

The adjusted source load (ASL) established in the previous sections represents the pollutant load that is 

available for allocation between Hay/Pasture, Cropland and streambanks in the Fishing Creek 

Watershed. Data needed for load reduction analyses, including land use distribution, were obtained by 

GIS analysis. The Equal Marginal Percent Reduction (EMPR) allocation method, Attachment B, was used 

to distribute the ASL between the agricultural land use types and streambanks as outlined below:  

 

1. Each land use/source load is compared with the total allocable load to determine if any 

contributor would exceed the allocable load by itself. The evaluation is carried out as if each 

source is the only contributor to the pollutant load to the receiving waterbody. If the 

contributor exceeds the allocable load, that contributor would be reduced to the allocable 

load. This is the baseline portion of EMPR. For this evaluation Croplands exceeded the ASL. 

 

2. After any necessary reductions have been made in the baseline, the multiple analyses are 

run. The multiple analyses will sum all baseline loads and compare them to the total 

allocable load. If the allocable load is exceeded, an equal percent reduction will be made to 

all contributors’ baseline values. After any necessary reductions in the multiple analyses, the 

final reduction percentage for each contributor can be computed. For this evaluation the 

allocable load was exceeded for sediment. The equal percent reduction, i.e., the ASL divided 

by the summation of the baselines, worked out to a 23% reduction for all the sources except 

croplands which received a 58% reduction.  

 



Table 8 contains the results of the EMPR for Hay/Pasture, Cropland and Streambanks in the Fishing 

Creek Watershed. The load allocation for each source is shown along with the percent reduction of 

current loads necessary to reach the targeted ASL. 

 

 

Table 8.  Sediment Reductions Needed from Sources in the Fishing Creek Watershed, Annual Values 

    
Allowable 

Loading Rate 

Allowable 

Load 

Current 

Loading Rate 

Current 

Load 
  

Source Acres lbs/acre/yr lbs./yr lbs/acre/yr lbs/yr Reduction 

Cropland  3,015   741   2,232,796   1,746   5,263,838  58% 

Hay/Pasture  1,825   107   195,293   140   254,807  23% 

Streambanks       485,125    632,962  23% 

 

Critical Conditions  
 

The Model My Watershed application is a continuous simulation model, which uses daily time steps for 

weather data and water balance calculations. Monthly calculations are made for sediment loads, based 

on daily water balance accumulated in monthly values. Therefore, all flow conditions are accounted for 

in the loading calculations. Because there is generally a significant lag time between the introduction of 

sediment to a waterbody and the resulting impact on beneficial uses, establishing this ARP using average 

annual conditions is protective of the waterbody. 

 

Seasonal Variations  
 

The continuous simulation model used for this analysis considers seasonal variation through multiple 

mechanisms. Daily time steps are used for weather data and water balance calculations.  The model also 

accounts for the growing season and hours of daylight for each month. The model also considers the 

months of the year when manure is applied to the land. The combination of these actions by the model 

accounts for seasonal variability. 

 



Background Contributions 
 

The Model My Watershed application accounts for the various landuses within the watershed and their 

respective contributions to the pollutant loads. The background sources of pollution within the 

watershed are from sources such as forests, developments and groundwater. There are no additional 

upstream sources of pollution to this watershed as it was modeled from the mainstem to the 

headwaters. The landuses in this ARP that are targeted for reductions are nonpoint sources of pollution 

to the watershed and will not be considered background. They include streambanks, hay/pasture and 

cropland.  

 

 

Phased Restoration Milestones 
 

Restoration of the Fishing Creek Watershed will be generally conducted in two phases.  

 

Phase 1 – Baseline Regulatory Compliance by 2021      

 

Phase 1 has begun with outreach to farmers by the Lancaster County Conservation District and project 

partners. During Phase 1, every farm in the watershed will have a Conservation Plan developed and 

implemented. A future scenario of Phase 1 BMPs was modeled for the Fishing Creek Watershed with 

Conservation Plans set to 90% as called for in the Chesapeake Bay WIP. Phase 1 is well underway and 

projected to conclude by 2021 resulting in a 17% reduction to the sediment load in the watershed.  

 

 Phase 2 – Attaining Restoration Goals by 2026 

 

A future scenario of Phase 2 BMPs was run for the Fishing Creek Watershed and added to the BMPs of 

Phase 1. The Phase 2 BMP entries for the Fishing Creek Watershed included the implementation of an 

effective suite of BMPs for sediment to reduce pollutants below the allowable load. The additional suite 

of BMPs contains a combination of highly effective BMPs such as: Cover Crops, Conservation Tillage, 

Grazing Land Management, Forested Buffers, Streambank Fencing, Floodplain and Wetland Restoration, 

and Streambank Stabilization. Many of these BMPs are being successfully implemented by the project 

partners under the NFWF Watershed Restoration Project including an impressive 24,000 linear feet of 

livestock exclusion fencing being installed on impaired stream segments in the project area. The fencing 

helps to create and protect beneficial forested riparian buffers along the impaired stream segments to 

enhance restoration. Some sites that contain legacy sediments and unstable streambanks were/will be 



stabilized using natural stream channel design techniques prior to buffer establishment to ensure the 

buffer remains viable and not lost to uncontrolled erosion through unstable legacy sediments. Please 

see Attachment F for the NFWF project specifics, the timeline and letters of commitment and support. 

 

For an example of successful stream restoration work conducted by the project partners on the 

mainstem of Fishing Creek at the confluence of Subwatershed 1 (COMID:  57470617), please see Figures 

3-6. Drone video of construction can be found at this link:  

https://www.youtube.com/watch?v=YbE90H62KJM&feature=youtu.be 

 

Future BMPs will also be implemented outside and upstream of the project area. The BMPs called for in 

Phase 2 will meet the numeric load reduction goals of the ARP, however, it must be understood that 

these BMPs are a guide and that flexibility is needed and allowed for in order to account for managing 

and treatment of future agricultural and/or land use changes. Funding sources available for this work 

include Pennsylvania’s Growing Greener Grant and the Federal 319 Restoration Grant Funds among 

others.  

 

 

https://www.youtube.com/watch?v=YbE90H62KJM&feature=youtu.be


 

Figure 3. Project partners in watershed restoration at a stream stabilization site in Fishing Creek. 
 

 



 

Figure 4. Stream Restoration Design. This has been successfully constructed.  
Drone video of construction can be found at this link:  

https://www.youtube.com/watch?v=YbE90H62KJM&feature=youtu.be 

 

 

https://www.youtube.com/watch?v=YbE90H62KJM&feature=youtu.be


 

Figure 5. Unstable streambanks carving through legacy sediments pre-construction. Before photo 

 

Figure 6. Stabilized streambanks post-treatment at the same site. After photo 
 



 

 

Table 9 demonstrates the untreated pollutant loads and the allowable loads that should restore water 

quality. A further comparison is made to display the load reductions anticipated from Phase 1 and 2 

BMP implementation. Total load reductions are calculated for each Phase of implementation to 

demonstrate attainment of the allowable load. The BMPs modeled can be found in Attachment C. 

 

Table 9.  Phased Sediment Load Reductions  

Source  Current Load Phase 1 Load Allowable Load  Phase 2 Load 

Sediment lbs/day lbs/day lbs/day lbs/day 

Fishing Creek Watershed 6,162,674 5,145,729 3,249,202 3,009,223 

Load Reduction   1,016,945 2,913,472 3,153,451 

Percent Reduction   17% 47% 51% 

 

Ecological Monitoring  
 

Periodic watershed monitoring during and after Phase 1 and Phase 2 will be conducted by DEP and 

analyzed to compare with existing data and track restoration. This monitoring will document progress 

toward attainment of water quality standards and allow for targeted BMP implementation in the future. 

 

For information on monitoring results and discussion about the monitoring that has already taken place 

in relation to the restoration project, please see Attachment E, Pre-BMP Baseline Bio-Assessment. 

 

Figure 7 summarizes the sampling results to date geographically. Sample stations were strategically 

selected to enable targeted monitoring of the effects of BMP implementation.  

 

 



 

Figure 7. Macroinvertebrate and habitat assessment results in the Fishing Creek Watershed pre-
BMP implementation. 
 

Recommendations 
 

Continuing the NFWF grant is highly recommended. The project partners have demonstrated that their 

collaboration has had significant success working with farmers and getting projects constructed. This 

work is the keystone to the success of the Fishing Creek restoration efforts.  

 

Future BMPs are called for in this ARP in the areas outside and upstream of the NFWF project area. 

Funding sources available for this work include Pennsylvania’s Growing Greener Grant and the Federal 

319 Restoration Grant Funds. Donegal Trout Unlimited and the Lancaster County Conservation District 

have a successful history of grant work and are recognized as key partners in a priority area for 

Chesapeake Bay WIP implementation. Pursuing future grants is recommended by these partners in 

watershed restoration. 

 



Pollution reductions in the ARP are allocated to nonpoint sources in the watershed including agricultural 

activities and streambanks. Implementation of regulatory requirements and BMPs outlined in Phases 1 

and 2 is called for according to this ARP. The proper implementation of Water Quality Regulations and 

Phases 1 and 2 BMPs should achieve the loading reduction goals established in the ARP. As these goals 

are attained, water chemistry and habitat quality will return to the point of restoring a viable aquatic 

ecosystem meeting the designated uses of the Fishing Creek Watershed and the delisting of Fishing 

Creek from the Integrated Report. 

 

Public Participation 
 

Public notice of the draft ARP was published in the Pennsylvania Bulletin on August 24, 2019 to foster 

public comment on the allowable loads calculated. Comments and responses can be found in 

Attachment G. 

 



 

 

 

 

 

 

 

 

 

 

Attachment A 

Maps 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure A1. Fishing Creek Watershed Impairments and ARP Zone  
 



 

Figure A2. Fishing Creek Watershed Designated Uses and ARP Zone 
 



 

Figure A3. Marsh Creek Watershed, Reference for ARP 
 

  



 

 

 

 

 

 

 

 

 

 

Attachment B 

Equal Marginal Percent Reduction Method 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Equal Marginal Percent Reduction 

An Adjusted Nonpoint Source Load Allocation Strategy 

 

 

The Equal Marginal Percent Reduction (EMPR) allocation method was used to distribute Adjusted Source 

Load (ASL) between the appropriate contributing nonpoint sources. The ASL and EMPR procedures were 

performed using a MS Excel spreadsheet. The 5 major steps identified in the spreadsheet are 

summarized below: 

 

Step 1:  Calculation of the AL based on impaired watershed size and unit area loading rate of 

reference watershed. 

Step 2:  Calculation of ASL based on AL, UF, and LNR. 

Step 3:  Actual EMPR Process: 

a. Each land use/source load is compared with the total ASL to determine if 

any contributor would exceed the ASL by itself. The evaluation is carried 

out as if each source is the only contributor to the pollutant load of the 

receiving waterbody. If the contributor exceeds the ASL, that contributor 

would be reduced to the ASL. If a contributor is less than the ASL, it is set 

at the existing load. This is the baseline portion of EMPR. 

b. After any necessary reductions have been made in the baseline, the 

multiple analyses are run. The multiple analyses will sum all the baseline 

loads and compare them to the ASL. If the ASL is exceeded, an equal 

percent reduction will be made to all contributors’ baseline values. After 

any necessary reductions in the multiple analyses, the final reduction 

percentage for each contributor can be computed. 

Step 4:  Calculation of total loading rate of all sources receiving reductions. 

Step 5:  Summary of existing loads, final load allocations, and percent reduction for each pollutant 

source. 

 

 

 

 

 
 



1 AL 2 ASL = AL - (UF + LNR)

AL = Sediment loading rate in ref. * Impaired Acres 2913214.8 2913214.8

3249202.1

Annual Recheck % reduction Load Allowable %

3 Avg. Load Load Sum Check Initial Adjust Adjust allocation Reduction Initial LA Acres  Loading Rate Reduction

CROPLAND 5,263,838.33   6,151,606.88   bad 2,913,214.83   0.77              680,418.79   2,232,796.04    3,014.81               740.61                                      57.6%

HAY/PASTURE 254,806.84      good 254,806.84      887,768.55        0.07              59,513.41     195,293.43       1,824.69               107.03                                      23.4%

STREAMBANK 632,961.71      good 632,961.71      0.17              147,836.35   485,125.36        23.4%

3,800,983.37   1.00              2,913,214.83    

4 All Ag. Loading Rate 501.72

Allowable Current Current Reduction

Land Use Acres loading rate Final LA  Loading Rate Load Goal CURRENT LOAD FINAL LOAD ALLOCATION

5 CROPLAND 3,015                741                    2,232,796   1,746                5,263,838          58% HAY/PASTURE 254,807 195,293

HAY/PASTURE 1,825                107                    195,293      140                    254,807              23% STREAMBANK 632,962 485,125

STREAMBANK  485,125      632,962              23% CROPLAND 5,263,838 2,232,796

ASL 2,913,215   6,151,607          53% ASL 6,151,607             2,913,215                                 

CURRENT LOAD FINAL LOAD ALLOCATION

CROPLAND 5,263,838 2,232,796

STREAMBANK 632,962 485,125

HAY/PASTURE 254,807 195,293

ASL 6,151,607 2,913,215
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Table B1.  Sediment Equal Marginal Percent Reduction calculations for 

the Fishing Creek Watershed 
 

 



 

 

 

 

 

 

 

 

 

 

Attachment C 

Stream Restoration Projects and BMPs 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure C1.  Stream Restoration Design. Construction was successfully 

completed. 
 

 

 

 

 

 

 

 

 

 



 

 

Figure C2.  Stream Restoration Design. Construction was successfully 

completed. Drone video of construction can be found at this link:  

https://www.youtube.com/watch?v=YbE90H62KJM&feature=youtu.be 
 

 

https://www.youtube.com/watch?v=YbE90H62KJM&feature=youtu.be


 

 

Figure C3.  Future Stream Restoration Design. Construction in late 

2019.  
 



 

BMP Type BMP Unit Description 

Phase 1   

Erosion and Sediment Plans 2000 acres 90% Implementation, 
Chesapeake Bay WIP Goal 

Nutrient Management Plans 2700 acres 90% Implementation, 
Chesapeake Bay WIP Goal 

Phase 2   

Forested Buffers 103 acres NFWF Project Goal 

Stream Stabilization/Floodplain Restoration 3822 linear feet NFWF Project Goal 

Streambank Fencing 24,000 linear feet NFWF Project Goal 

Cropland Retirement 3 acres ARP Goal 

Animal Waste Management Systems 15% of animals treated ARP Goal 

Cover Crops 1200 acres ARP Goal 

Conservation Till 1300 acres ARP Goal 

Grazing Land Management 1775 acres ARP Goal 

 

Table C4.  Watershed BMPs modeled into Phases 1 and 2. 
 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

Attachment D 

Pennsylvania Integrated Water Quality Monitoring and Assessment 

Report - Streams, Category 5 Waterbodies 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Assessment Stream Designated Impairment Impairment Date COMID Length 

ID Name Use Source Cause Listed (miles)

17796 Fishing Creek UNT (ID:57470997) EV MF Agriculture Siltation 2016 57470997 0.80

17796 Fishing Creek UNT (ID:57470413) HQ-CWF MF Agriculture Siltation 2016 57470413 1.79

17796 Fishing Creek UNT (ID:57470617) HQ-CWF MF Agriculture Siltation 2016 57470617 1.50

17796 Fishing Creek UNT (ID:57470627) HQ-CWF MF Agriculture Siltation 2016 57470627 0.21

17796 Fishing Creek UNT (ID:57469991) HQ-CWF MF Agriculture Siltation 2016 57469991 1.73

17796 Fishing Creek UNT (ID:57470627) HQ-CWF MF Agriculture Siltation 2016 57470571 0.63

17796 Fishing Creek UNT (ID:57470627) HQ-CWF MF Agriculture Siltation 2016 57470581 0.04

17797 Fishing Creek HQ-CWF MF Agriculture Siltation 2016 57470415 0.64

17797 Fishing Creek HQ-CWF MF Agriculture Siltation 2016 57470729 0.06

17797 Fishing Creek HQ-CWF MF Agriculture Siltation 2016 57470629 0.05

17797 Fishing Creek UNT (ID:57470317) HQ-CWF MF Agriculture Siltation 2016 57470135 0.47

17797 Fishing Creek UNT (ID:57470317) HQ-CWF MF Agriculture Siltation 2016 57470317 0.77

17797 Fishing Creek HQ-CWF MF Agriculture Siltation 2016 57470709 0.51

17797 Fishing Creek HQ-CWF MF Agriculture Siltation 2016 57470309 0.84

17797 Fishing Creek UNT (ID:57470317) HQ-CWF MF Agriculture Siltation 2016 57470137 0.01

17797 Fishing Creek HQ-CWF MF Agriculture Siltation 2016 57470619 0.53

17797 Fishing Creek HQ-CWF MF Agriculture Siltation 2016 57470727 0.04

17799 Fishing Creek HQ-CWF MF Agriculture Siltation 2016 57469989 0.38

17799 Fishing Creek HQ-CWF MF Agriculture Siltation 2016 57469925 1.03

17800 Fishing Creek HQ-CWF MF Agriculture Siltation 2016 57469229 1.26

17800 Fishing Creek UNT (ID:57469637) HQ-CWF MF Agriculture Siltation 2016 57469637 0.89

17800 Fishing Creek UNT (ID:57469231) HQ-CWF MF Agriculture Siltation 2016 57469231 0.99

17800 Fishing Creek HQ-CWF MF Agriculture Siltation 2016 57469639 1.32

17800 Fishing Creek UNT (ID:57469881) HQ-CWF MF Agriculture Siltation 2016 57469881 1.95

17802 Fishing Creek HQ-CWF MF Agriculture Siltation 2016 57468825 0.48

17802 Fishing Creek UNT (ID:57468823) HQ-CWF MF Agriculture Siltation 2016 57468823 0.94

17803 Fishing Creek UNT (ID:57468689) HQ-CWF MF Agriculture Siltation 2016 57468689 0.51

17803 Fishing Creek HQ-CWF MF Agriculture Siltation 2016 57468581 0.01

17803 Fishing Creek UNT (ID:57468689) HQ-CWF MF Agriculture Siltation 2016 57468575 0.01

17803 Fishing Creek HQ-CWF MF Agriculture Siltation 2016 57468691 1.41

Total 21.83  

 

Table D1.  Fishing Creek Watershed List of Impaired Stream Segments  
  

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

Attachment E 

Pre-BMP Baseline Bio-Assessment 

 



Fishing Creek NFWF Grant Project Bio-Assessment Summary, 
Pre-BMP Baseline Data 
 

Staff from the Bureau of Clean Water visited the Fishing Creek Watershed on April 25, 2018 to assess the 

aquatic life, habitat and water chemistry within its watershed restoration project area for baseline data 

collection. Fishing Creek, in southern Lancaster County, is an agriculturally dominated tributary of the 

Susquehanna River and a source of sediment and nutrients (nitrogen and phosphorus) reporting to the 

Chesapeake Bay. Fishing Creek is designated for migratory fishes (MF) throughout the watershed and 

high quality - cold water fishes (HQ-CWF) in the project area and upstream of that site. The stream 

segments within the project area and the entire HQ-CWF area of Fishing Creek are listed as impaired by 

sediment from agricultural. Fishing Creek is designated as exceptional value (EV) downstream of the 

project area because it is home to the Chesapeake Logperch, a “responsibility species” for Pennsylvania 

and listed as a state threatened species because of its limited global distribution. The EV portion of 

Fishing Creek is attaining this designated use because this part of the watershed is a high gradient, 

forested conservation area that is not prone to sediment deposition. However, a delta of deposition is 

forming at the mouth of the watershed at the confluence with the Susquehanna River. This delta 

formation is in direct response to the sediment reporting to the river from Fishing Creek.  

 

The focus of the restoration project is to saturate three adjoining, agriculturally intensive subwatersheds 

of Fishing Creek with agricultural Best Management Practices (BMPs), Figure 1. Please keep in mind this  

project is a subset of the work going on in the Fishing Creek Watershed under the Alternative 

Restoration Plan. This project is being funded by a grant from the National Fish and Wildlife Foundation 

(NFWF) and has multiple partners including the Lancaster County Conservation District, Donegal Trout 

Unlimited, TeamAg, the Lancaster Farm Trust, Land O’ Lakes, Dairy Farmers of America, the U.S. Fish and 

Wildlife Service and by the Pennsylvania Departments of: Agriculture, Environmental Protection, 

Conservation and Natural Resources as well as the Pennsylvania Fish and Boat Commission. The project 

is designed to reduce sediment and nutrients reporting to the Susquehanna River and Chesapeake Bay 

as well as provide two positive outcomes locally that are being tracked as a part of the project. First, it is 

hypothesized that milk profitability will improve as herd health improves once the livestock are fenced 

out the degraded stream environment and moved to a managed pasture instead. Somatic cell counts 

are being monitored pre-, during and post-treatment to track trends in milk quality. Second, as 

agricultural land uses get treated with BMPs, sediment and nutrients reporting to the stream will be 

reduced to a level that will not impact aquatic life to the point of localized impairment. Stream 

assessments will be conducted pre- and post-BMP implementation to track trends in ecology and the 

restoration of Fishing Creek. 

 

Croplands, barnyards, pasture lands and streambanks will be receiving BMPs. Livestock exclusion fencing 

is an important BMP for this project as this BMP has a direct positive impact on the aquatic community 

as well as the health of the livestock on the farms. The farms in the project area have minimal BMPs 



currently. However, significant BMPs are being installed in 2018 through 2020 as project partners aim to 

create a vibrant agricultural landscape that is ecologically protective within the watershed.  

 

Pre- and post-BMP data collection will enable the visualization of a shift from impaired to recovering 

aquatic life communities as well as demonstrate trends in herd health improvement. The multiple goals 

of the project are to provide a profitable incentive for farmers to fence livestock out of streams while 

restoring high quality local stream segments. This will have the knock-on effect of reducing the 

pollutants of concern impacting the Chesapeake Bay. 

 

  

Figure 1. Fishing Creek Watershed, left, Fishing Creek Restoration Project Area, extracted and enlarged 

to the right. 

 
 

 

 

 



Pre-BMP sample results within the project area  

 

Subwatershed 1 (COMID: 57470617) 

Subwatershed 1 is found on Fishing Creek Hollow Road in the Fishing Creek Watershed and is 

approximately two kilometers squared (km²), Figure 2. Subwatershed 1 is 74% covered by crop and 

pasture lands. The mouth of this tributary is in an active pasture where livestock have free access to the 

stream. Agriculture lacking BMPs, including livestock grazing the riparian area and trampling the stream, 

is responsible for the siltation impairments of the entire 1.5 miles of stream segments within this 

subwatershed. The index of biotic integrity score (IBI) for this subwatershed was 38.8. An IBI of less than 

or equal to 63 indicates impairment for streams classified as HQ-CWF and EV. The IBI score reflects 

macroinvertebrate community richness and sensitivity to pollution. This stream is impaired based on the 

IBI but also based on the poor health of the habitat. Physical habitat is measured as the sum of a twelve 

parameter -20- point scoring method. A score of 140 or less indicates an impairment of the physical 

habitat of the stream. Subwatershed 1 had a physical habitat score of 127 which indicates impairment. 

 

 

Figure 2. Subwatershed 1 at Fishing Creek Hollow Road. 

 



Of note, fish were present in subwatershed 1 and throughout the mainstem of Fishing Creek. These fish 

populations will serve as reservoirs of aquatic life ready to recolonize the entire watershed once habitat 

improves following the implementation of the restoration project. Also, the Donegal Chapter of Trout 

Unlimited has secured funds as well as designs for a natural stream channel restoration project for this 

tributary. Construction is set to begin once permits are attained. Subwatershed 1 is likely to see rapid 

recovery of aquatic life post-BMP construction because of the presence of fish communities. 

Subwatershed 1 also has higher IBI and habitat scores as well as better water chemistry than the other 

two subwatersheds of the project area. And, subwatershed 1 will be tied into a significant stream 

restoration project described in the following section of this report. 

 
2019 Stream Restoration, mainstem Fishing Creek: 

The mainstem of Fishing Creek moving downstream from Drumore Park and subwatershed 2, along the 

confluence of subwatershed 1 and downstream to the beginning of the EV segments at Furniss Road, 

approximately one stream mile, was impaired and erosive to the point of being a significant source of 

sediment from streambank instability related to legacy sediments intensified by livestock with free 

access to the stream. This was the most disturbed mainstem site on Fishing Creek. This site had legacy 

sediments from past mill dams and the subsequent vertical streambanks carving through the pillow of 

accumulated legacy sediment with an IBI of just 36.7, clearly impaired. It is also the spot that takes the 

brunt of the runoff from intensive agriculture in the NFWF grant project area making this site of critical 

significance to the project’s success and a very logical priority area for stream restoration.  

Fortunately, this is also one of the first success stories taking shape in the watershed under the NFWF 

grant. Here, the mainstem of Fishing Creek has undergone a largescale stream restoration project 

designed by the U.S. Fish and Wildlife Service and constructed under the care of the project partners led 

by the Donegal Chapter of Trout Unlimited. The stream restoration project restored wetlands, stabilized 

highly erodible streambanks, reconnected the stream to the floodplain, added high quality stream 

habitat and restored protective stream channel sinuosity by applying advanced fluvial geomorphological 

design techniques along the entirety of the degraded sections. Wetlands were protected during and 

after construction to ensure these valuable assets to green infrastructure continue to naturally purify 

water while reducing nitrogen, a Chesapeake Bay priority pollutant. The site was revegetated at the end 

of construction and the livestock fenced out of the stream and riparian buffer as per the overall project 

goals. This has provided a nearly complete reconnection of a large, stable and continuous forested 

buffer from the Fishing Creek Scalpy Hollow Nature Preserve to the confluence with the Susquehanna 

River. Based on the success and stability of this large stream restoration project, the projects that are 

nearing construction in the tributaries should exemplify the same degree of success. This highly visible 

and successful stream restoration project has also generated interest and buy-in from other land owners 

in the community. This is of significance as stream restoration projects cannot take place without the 

support of the land owners. As projects become implemented, buffered and linked together with 

livestock fenced out of the streams throughout the watershed in a connective way, watershed 

restoration will gain rapid momentum.      

 

 



Subwatershed 2 (COMID: 57470413) 

Subwatershed 2 is found on River Road adjacent to subwatershed 1 moving north and upstream on 

Fishing Creek and is also approximately two km², Figure 3. Subwatershed 2 is 85% covered by crop and 

pasture lands. Agriculture lacking BMPs, including livestock grazing the riparian area and trampling the 

stream, is responsible for the siltation impairment of the entire 1.8 miles of stream segments within this 

subwatershed. The IBI score for this subwatershed was 29.6. The physical habitat score was 119. The 

Potable Water Supply (PWS) criterion for nitrogen is a maximum of 10 mg/l. Subwatershed 2 had a 

nitrogen level of 13.61 mg/l indicating it would be impaired for nitrogen if used as source water for 

public drinking water. The aquatic life, habitat and water chemistry of subwatershed 2 are impaired and 

more so than subwatershed 1. Fish have been mostly extirpated. 

 

Figure 3. Subwatershed 2 at River Road. 

 

Subwatershed 3 (COMID: 57469991) 

Subwatershed 3 is found on Osceola Drive adjacent to subwatershed 2 moving north and upstream on 

Fishing Creek and is approximately three km², Figure 4. Subwatershed 3 is 82% covered by crop and 

pasture lands. Agriculture lacking BMPs, including livestock grazing the riparian area and trampling the 

stream, is responsible for the siltation impairment of the entire 1.7 miles of stream segments within this 

subwatershed. The IBI score for this subwatershed was 26.7. The physical habitat score was 104. 

Subwatershed 3 had a nitrogen level of 9.92 mg/l indicating it would likely be impaired for nitrogen if 



used as source water for public drinking water. The aquatic life and habitat of subwatershed 3 are 

impaired and more so than subwatersheds 1 and 2. The fish have been mostly extirpated and hotspot 

sources of sedimentation were obvious.   

 

 

Figure 4. Subwatershed 3 at Osceola Drive. 

 

Discussion 

The stream segments in the HQ-CWF section of the Fishing Creek Watershed are impaired by siltation 

from agriculture. The tributaries within the project area are all listed as impaired. Agricultural BMPs are 

currently minimal. Field assessments confirm the streams are being impaired significantly by livestock 

with free access to the streams. Livestock exclusion fencing and grazing land management are necessary 

in this watershed. Croplands also report sediment and nutrients to the streams and require additional 

BMPs including contour farming, conservation tillage, cover crops and buffers.  

 



While many types of BMPs are being called for, riparian forest buffers (RFBs) are critical to bringing this 

watershed back into attainment of its HQ-CWF designated use. RFBs provide multiple benefits including 

shade and stable temperatures, reductions in sediment and nutrients, stable habitat and food for 

macroinvertebrates and fish. Interstitial spaces free of sediment will reemerge in the substrate of the 

stream providing habitat for macroinvertebrate recolonization concomitant with pollution reduction and 

stream habitat stabilization as RFBs are implemented. This is important because the reestablishment of 

a viable macroinvertebrate community is the trigger for delisting streams from the Integrated Report. 

 

High impact local and far-field pollution reductions will be attained by restoring the subwatersheds in 

the Fishing Creek restoration project area. The subwatersheds will likely be restored in a timeframe 

influenced by their level of impairment. Thus, subwatershed 1 will likely be restored and delisted more 

quickly than subwatershed 2 and finally subwatershed 3. However, higher pollution reductions will be 

realized in an inverse of that order.  

 

Since the mainstem of Fishing Creek has received large stream restoration projects within the project 

area, the tributaries of the subwatersheds in the project area will be anchored to a successfully 

stabilized section of the larger watershed. Continuing to do stream restoration, livestock exclusion 

fencing, and riparian buffer restoration is recommended throughout the watershed as it has become 

apparent that local land owners support this and have approached project partners for assistance on 

their lands based on the quality of project implementation so far. Project saturation and connectivity of 

protected riparian buffers will virtually assure watershed restoration.  

 

The collaborative effort by vested partners and the technique of saturating this entire project area with 

BMPs within a few years is considered the most effective method to realistically attain local restoration 

and the delisting of these stream segments in a reasonable amount of time while ensuring a profitable 

and ecologically sound agricultural economy. The restoration of the watershed is also critical to the 

protection of the downstream habitat that the threatened Chesapeake Logperch is dependent upon. 

Based on my experience in stream restoration, Fishing Creek has a high probability of restoration and 

being de-listed from the Integrated Report as it already has conservation areas along the mainstem but 

more importantly, a successful group of active partners collaboratively working to restore this 

watershed. Achieving the goals of the NFWF grant is the first step. The project partners are doing 

commendable work and expect to achieve their goals successfully. Additional work to rectify hotspots of 

pollution in the watershed outside of the NFWF project area and supplemented by future grants from 

funding sources such as Pennsylvania’s Growing Greener Grant and the Federal Section 319 Restoration 

Grant funds, etc. should be explored with the goal being a complete watershed restoration and delisting 

from the Integrated Report.  

Scott Heidel | Water Program Specialist  

Pennsylvania Department of Environmental Protection 



 

 

 

 

 

 

Attachment F 

NFWF Project Brochure, Project Plan, Extended Timeline and Letters of 

Commitment and Support 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

The Pennsylvania Adaptive Toolbox for Conservation Saturation 

 

A. Objectives: Describe the project's specific objectives and list anticipated outputs and outcomes. Include 

implementation of specific Best Management Practices, as well as the projected reductions in pounds of nitrogen, 

phosphorous and tons of sediment associated with the project’s full implementation. 

 

Pennsylvania’s agricultural sector requires new approaches for meeting regulatory obligations and restoring 

watersheds throughout the state, particularly within the Chesapeake Bay watershed where Pennsylvania is under 

federal mandates. As Pennsylvania looks ahead to the 2017 mid-point assessment and the 2025 deadline for meeting 

water quality requirements of the Chesapeake Bay total maximum daily load, the state is projected to fall short of its 

Watershed Implementation Plan (WIP) pollution reduction goals related to agriculture. Pennsylvania’s Chesapeake 

Bay WIP relies on all 40,000 farms within the watershed meeting state regulatory requirements by developing and 

following an Agricultural Erosion and Sediment Control Plan, or agricultural E&S plan and Manure Management 

Plan (MMP). Pennsylvania’s WIP also seeks widespread adoption (near 100 percent) of riparian buffers and livestock 

stream exclusion system to achieve nutrient and sediment reduction goals. 

 

Partnering with Lancaster Farmland Trust (LFT), the Lancaster County Conservation District (LCCD), environmental 

and agricultural organizations, and state agencies, the Pennsylvania Department of Agriculture proposes to pilot the 

Pennsylvania Adaptive Toolbox for Conservation Saturation. The project’s goal is to achieve 100% livestock stream 

exclusion, to seek greater participation in conservation planning and practice implementation, and demonstrate a 

correlation between conservation efforts, herd health, and farm profitability. Our aim is to fulfill a proof of concept 

using a proven team and work to replicate this approach statewide. The project will focus on three subwatersheds of 

Fishing Creek, a region dominated by Plain Sect farms in the Lancaster County region of the Susquehanna River 

basin. The Adaptive Toolbox has been developed with the benefit of experience and after extensive stakeholder input 

about what options to offer producers in order to entice participation in the program. 

 

Specific project objectives include: 

 

1) Developing and delivering conservation plans on every farm within the project area: having manure management 

plans and agricultural E&S plans in place is a crucial prerequisite outcome that will position the producer for 

implementing objectives 2, 3 and 4 below. The number of new plans will be tracked and environmental measures 

conducted in sequence with the implementation of practices. It is estimated that 39 manure management plans and 

28 agricultural E&S plans will be developed and implemented as a result of this project. If accomplished, this 

would represent 100% of producers within the project area achieving baseline compliance. 

 

2) Livestock stream exclusion systems (including off-stream watering and crossings) will be installed to reduce 

sediment and nutrient transport to surface waters, addressing water quality and habitat resource concerns of local 

and Bay-wide significance. It is estimated that approximately 73,761 linear feet of livestock exclusion fencing, 50 

off-stream watering systems, and 30 crossings will be installed. All BMPs will meet state and federal standards. 

These measures will reduce annual nutrient and sediment loading to the Chesapeake Bay by 21,343, 933, and 

138,895 pounds per year, respectively. 

 
3) Conservation plan implementation for practices in addition to livestock stream exclusion: Depending on the 

farmer’s individual manure management plan or agricultural E&S plan, implementation may also include other 

practices such as buffers, barnyard improvements, conservation tillage, and other nutrient management practices 

that reduce the potential for nutrient and sediment transport to surface waters. In-stream habitat restoration will 

complement farm conservation practices and improve aquatic habitat. Fish population monitoring and water 

quality monitoring, as described in objective 6, will document impacts on aquatic habitat.  



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 

 

 

 

 

 

 

 

 

 

 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 

 



 

 



 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 



 

 

 

 

 

 

 

 

 

 

Attachment G 

Comment and Response 
 

 

 

 

 

 

 

 

 

 

 

 


